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What we do at the Port of London Authority (PLA)

* Established in 1909, the PLA is responsible for the navigational safety of the river Thames.

e |tis a trust port, so has no shareholders and operates for the benefit of customers and

stakeholders now and in the future.
The PLA owns and has jurisdiction over 95 miles of the tidal river from Southend to Teddington.

Providing a range of services such as vessel traffic services, pilotage, licensing etc.
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River Emissions on the Thames

e As custodians of the tidal Thames, and considering the governments Net
Zero ambitions, the PLA wanted to understand how river activity was
contributing to poor air quality in and around its jurisdiction.

* |In 2016, in collaboration with TfL, an emissions inventory was completed to
gather this data. The methodology for this uses:

e AIS (automatic identification system) data = | i

* Emissions factors e e

* Port call information | B S
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Emissions Inventory Outputs

Key Findings
* 66% of the total CO, emissions in 2016 are to the east of the M25.

* For oxides of nitrogen (NOx) the east of M25 area accounts for 71% of the total in 2016 and 75% for
particulate matter, reflecting the higher sulphur fuels generally used by sea going vessels.

* Hotspots correlate to the locations of the large cargo handling ports.
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Air Quality Mapped

Data from the inventory results were translated into a map in the PLA’s GIS system.

This allowed us to filter by pollutant type and vessel type.

The larger and darker the circles appear within the grid represent higher emissions.
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Dispersion modelling of Emissions in the
Greater London Authority (GLA)
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* Focusing on the GLA boundary, dispersion modelling was
undertaken based on the results of the inventory to
contribute to the 2016 London Atmospheric Emissions 2 0. — -
Inventory (LAEI).

ING,S 012345678 91011121314151617181920212223
Hour of the day

CO//ege Figure 7: Diurnal profile of shipping applied to emissions (represented by the ratio of hourly ship

LLONDON

* Work was done by King’s College London.

* Methodology points for model:
e Diurnal profile established
* Stack height of vessel calculated
e Grid size reduced to 20m x 20m i b

- 1049.857

Figure 6: NO2 emissions for group 1 vessels in a 20m by 20m grid in central London
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Dispersion Modelling Observations

v @ AirQuality Inventory e Vessel Chemical Dispersion Results
Vessel Type is NOx
Passenger " . s
B <791573
Substance is . =19.213798
| Nox - B 2277881
B <s6.574007
B 50758195
(kg) of pollutant = . SN
£226.344949
o [ |
I 335559555

kg's of pollutant
=480.551361

500,000

400,000

300,000

200,000

100,000

At Berth (kg) Sailing (kg) Total (kg)

Description: This chart shows the estimated total kg's of the selected poliutant
expelled during sailing, at berth and the total of both.
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¥ @ AirQuality Inventory 0
Vessel Type is
‘NonMerd]ant "
Substance is
[ nox q Vessel Type: Non-Merchant
Substance: NOx (kg/year)
. Sailing (kg): 18.23 o
kqg) of pollutan | \_
it . - At Berth (kg): 665.15 ®
kg's of pollutant Vessel Chemical Dispersion Result ©| Total (kg): 683.38
Nox -
15,000 I 0383693
B 791573
12,000
B 19013798
9.000 B 32277881
6,000 B 56574007
o B 0768195
B <1s5375499
L Tota (g B <26341949
. ) I =<335.559555
Description: This chart shows the estimated total kg's of the selected pollutant
expelied during sailing, at berth and the total of both. <480.551361
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How has this information informed the PLA?

River-side Monitoring
e River-side monitoring has now been in situ since 2019
* Inventory results were one factor used to identify the locations for monitoring

Targeted Action
 The PLA published Air Quality Strategies that outline actions to combat air
pollution from operators on the Thames.

Public Perception
* Results of the dispersion modelling have often been used to re-assure residents

(O AQ Mesh Locations
@ Diffusion Tube Locations
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How is modelling going to be used
in the future in the PLA?
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e With 2016 as our baseline, we can carry out further
modelling to see how the relative impact of river
emissions are changing due to factors such as:

Number of chargeable vessels

* Tightening legislation on road vehicles

* Low emission zones and other levies
* Increased light freight on the river

* Vessel fleet transitions to alternative fuels

e Electrification = N
* Hydrogen = o el [ T4

e Methanol | e coaneror—
« Ammonia : -
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Thanks for Listening

Grace Staines AMIEnvSci, Technical Advisor (Air Quality),
Port of London Authority

Email: grace.staines@pla.co.uk
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Scan for Thames Vision
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Assessing How
Would an “Extreme”
Wildfire at
Hamsterley Forest
Affect Regional Air
Quality

ENGINEERING | ENERGY | SUSTAINABILITY
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Key Goals for the Study

1. Calculate the Energy Mass Balance (EMB) of the assessable fuel in
Hamsterley Forest consider different types of fuels present and their
associated combustion characteristics and properties.

2. Utilise AERMOD’s Plume Dispersion Modelling software. Predict the spread
of fumes generated by the fire using gaussian plume models under
different meteorological scenarios.

3. Analyse and assess the impacts of the plume dispersion on local air quality
(focusing on human health). Explore the potential strategies needed to
mitigate and minimise the adverse effects on the environment and human
health.

ENGINEERING | ENERGY | SUSTAINABILITY Hydrock



Global Significance

Quick background

Ocean Balchiie
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UK Wildfires

Saddleworth Moor Wildfire

Infrared hot spot

e
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o > InJune 2018 Saddleworth Moor in the northwest of
England became one of the largest wildfires on recent
record. The fire lasted approximately three weeks.

»  Over the course of the burn, surface satellite
observations and research flight platform measurements
were taken, used to quantify substantial enhancements
through emitted trace gases.

»  Special focus on measuring PM2.5 was taken as this has
deep respiratory penetration in humans making it a major

concern.

) Published in Graham et al., 2020




Why is this a
problem?

Climate Change

In the UK, climate change heightens wildfire risks as
rising temperatures contribute to drier conditions.
Prolonged heatwaves increase the likelihood of
vegetation drying out, elevating the potential for ignition.
Altered precipitation patterns may result in drier
vegetation, while changing wind patterns can facilitate
the spread of wildfires.

These factors collectively intensify the frequency and
severity of wildfires, posing threats to ecosystems,
wildlife, and communities. Mitigating climate change
through emissions reduction is crucial to address these
risks and enhance resilience against the escalating threat
of wildfires in the UK

|
Hydrock

IMAGE CREDIT: BBC News



Redford

Location

Hamsterley Forest is located forest in County Durham

and owned and managed by Forestry England. It is the
largest forest in County Durham and covers more than
5,000 hectares.

The forest has a rich diversity of mature woodland,
with Scots Pines that are aged around 70 years, but it
does have a variety of younger plantation, plus great
trees possibly planted in the 19th century by the
Surtees family.

Being located between Weardale and Teesdale, and
lying close to the Pennines, the whole area opens up
endless possibilities for visitors to explore the great
outdoors of Durham. ' - T
e/ ][R

The forest has become more commercial over the 74
past 5 years and Forestry England is assessing future
projects to further develop the area and provide up to ‘ j s
100 sensitive cabins and associated amenities. imap ' T T
~
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Forest
Health

MODIS | Landsat
Series

Uses Red

Wavelengths

Near-Infrared
(NIR)

NDVI and EVI
data

Annual 2019

July 2019

August 2019

September 2019




Field Research

+ Using "a" and "b" as constants
specific to the calorific values of
individual tree species, tree allometry
can be used to validate the AGB value
using the DBH (easiest measured
value) measurements from the forest
plot.

‘a’, the "allometric coefficient” and it
represents a scaling factor that
adjusts the magnitude of the
biomass estimates.

‘b’ represents the "allometric
exponent” and it determines the rate
at which biomass changes as DBH
changes.

AGB = a x (DBH)b (Chave et al., 2014)

iz
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« AERMAP, which is part of the
AERMOD modelling system, is
responsible for processing terrain data,

including digital elevation models
(DEMs).

« AERMAP has a built-in capability to
handle the terrain data required for
AERMOD dispersion modelling. It can
process elevation data from various
sources, including user-provided
elevation files and the U.S. Geological
Survey's (USGS) National Elevation
Dataset (NED).




Accessible Fuel

« Using these values, we can calculate
the energy contained in each
component of the biomass. For
example, the total energy in the oak
component of the biomass would be:

« (20 MJ/kg) x (0.3) x (4,960,462 kQ) =
20.7 MJ / 3e12

Tree Specie

English Oak (Quercus robur)
Scots Pine (Pinus sylvestris)
Silver Birch (Betula pendula)
European Beech (Fagus sylvatica)
Ash (Fraxinus excelsior)

Sitka Spruce (Picea sitchensis)

Rowan (Sorbus aucuparia)

Calorific Value (MJ/Kg)

20.0
19.5
20.5
21.5
20.5
19.5

20.0




Theoretical Dispersion
Modelling Using AERMOD
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Theoretical Dispersion
Modelling Using AERMOD
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Compiling Data

Start

Load necessary
libraries

Set the working
directory to
AERMOD Model

¥

Define the
latitude and
Download Download Open Inn@l;;de of the
ite:

= Map Site
Satellite Data Fm

Import meteorological data for
a specific site and year range
for the primary and secondary
sources

NDVI data sets EVI data sets for
selected

Meterlogical Data Digital Terrain
sets

for the selected Model (DTM)

months 2019 months 2019

Building Data

200° 160°
00" 190° 10 170° 0

0 3 6 10 16 (knots)

T o speed

0 15 31 51 82 (m/s)

RI data sets for NDVI data sets
the selected for the selected

Forest Fire Background
months 2019 months 2019 Emission Data Emission Levels

Are you importing
data from 2
stations?

Not importing

importing data

from 2 stations? data from 2

stations?

Check if the data If the primary

Select Ignition from both sources dataset doesn’t

location meels specified cover the full year,
l requirements then expand it
AERMOD algorithmic
Calculate tile Select fire burn processing for differing
averges and perieds for resolutions depending on the
means scenario scenario and the local or

regional scope: Chleck ifreq_uted
columns exist in

both datasets. If not,

Do the same for the

}

Add wildfire
s s create them
Input specific calorific Implament Forest characteristics
V=TT GG TEIB—————» census and species
species. percentages
l Replace missing values 5
gy ERi in primary dataset with No: Continue to
calculate tile e ehe values from the the next step
averges and secondary dataset
means

l

Edit meterlogical
conditions

Export the data
as a_met file for
AERMOD
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NO:.

Main 1-hour NO:
Concentration
Map

Wildfire based pollutants
when breathed in have
immediate and severe
health consequences
even in short term
inhalation periods. Long
term exposures of NO2.
are associated with
multiple health effects,
predominately raspatory
and cardiovascular
problems (Simons &
Wood, 2003)
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|
: Main PM2.5 1-Hour
Concentration
gz »  PM25and SO2 maps are presented in Figure 13 and
= Figure 14. As topographical layering is incompatible
§ within a model larger than skm long, it had to be

removed. This causes a larger, unrealistic, spread with
lower reliability and higher uncertainty. Spread southwest
was impacted by the steeper terrain which has not occur
due to this in these figures. The maps both suggest a
direct correlation with NO2. However, these pollutants

V= JelWie 0 S A ,_ molecularly heavier (SO2 and NO2 are 64 and 56 grams
map dafe © OpersStroetMapcontbutors [ e e per mole respectively) and drop off much faster than
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e nitrogen. Their fore receptors further away are at lower
risk than those in proximity to the fire leaning that there is
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Controlled Burn
Strategy

»  Toreduce the impact of wildfires, strategies can be put in
place through monitoring and preplanning. A common
and effective management strategy is the
implementation of controlled burns and forest thinning.
By the removing of often the most assessable fuel
through the removal of trees and dry foliage, the effects
of the fire are reduced. This has been implemented in the
model by reducing the total fuel 20% unevenly
distributed in attempt to simulate this procedure
(Habeck, 1996 and Stephens et al., 2009).
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NO; Level (ppb)
0-10
10-20
20-30
30-40
40-50
50 - 60
60— 70
70 - 80
80 - 100
100 - 150
150 - 200
200 - 250
250 - 300
300 - 350

350 - 400

Mortality Rate %

0.5
0.6
0.8
1.0
13
1.7
2.2
2.8
3.5
4.5
6.0
8.0
10.5
13.5

17.0

Mortality Rate

* Few studies have looking into the affects of medium term
exposures of elevated levels from fires in relation to nitrogen oxide
and dioxide levels and have paid more attention to long term
elevated levels making it hard to quantify a correlation between
exposure rates, times and mortality. By compiling conclusions from
the Health effects institute, Belen R, et al,. Miller KA, et at., Cesaroni
etal,. Graham et al, SWINLEY FIRE PERSON, and applying related
mortality statistics to a Genaraized Additive Model (GAM). This
allows for flexible handling of a non-linear relationship between
multiple predictive variables. The following equation was used
within Python to produce the Table 6:

* Mortality Rate = s (NO2 Level) + s (Temperature) + s (Humidity)
multiplied by general health scores for the region
(1.27)

* Where: The response variable is the mortality rate. s (): A
smooth function applied to model non-linear effects.

»  Covariates like temperature and humidity and included to
adjust the model.

» Correlation between NO2 (ppb) air quality levels and the
mortality rate (%) was quantified in the works from (Tanvir et al.,
2020) and is presented in Table 6.

* Table 6: NO2 Concentrations vs Mortality Rate. Contour value
must be divided by 720 to translate to the hourly values seen here
above. British Air quality standards do not allow for exposure levels
of 200 or more for more than 60 hours a year.




of people in County Durham [EX3J are
1 619% aged 15 years and under
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Any questions?
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ALMONDSBURY
BIRMINGHAM
BRISTOL
CAMBORNE
CARDIFF
EDINBURGH
GLASGOW
GLOUCESTER
HALE

LEEDS

LONDON
LUTTERWORTH
(KTA)
MANCHESTER
NEWCASTLE
NORTHAMPTON
PLYMOUTH
PLYMPTON (KTA)
SOUTHAMPTON
STOKE-ON-TRENT
TAUNTON
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Breathe Warsaw — Low Emission Zone

Air Quality Impact Assessment

Jekabs Jursins 7 December 2023
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Air quality monitoring in Warsaw

Air quality model inputs & behavioral assumptions

Contents ) . .
Air quality modelling — NO,, results

Economic and health impact assessment




Air quality monitoring in Warsaw

Air quality monitoring in Warsaw

« 2022 measurements from automatic monitoring sites

- Exceedances of EU Ambient Air Quality Directive annual limit value ([g#)
« At risk of exceedance (i.e. within 10%) (orange)
 All measurements of NO,, PM,, & PM, ; were above the World Health

Organisation (WHO) Air Quality Guidelines (yellow)

Measurement location Site type In LEZ? Year PM,; PMy, NO,
244A Grochowska Street (City) Urban roadside Yes 2022 16.85 25.12 35.44
83/89 Solidarnosci Street (City) Urban roadside Yes 2022 19.46 29.46 36.07
Warszawa, al. Niepodlegtosci Urban roadside Yes 2022 16.00 32.00 -

Warszawa, ul. Wokalna Background No 2022 12.00 17.00 20.00
Warszawa, ul. Kondratowicza Background No 2022 21.00

Woarszawa, ul. Chroscickiego Suburban roadside No 2022 15.00 22.00 21.00
Warszawa, ul. Totstoja Background No 2022 18.00 26.00
Warszawa, ul. Bajkowa Background No 2022 15.00 22.00

European limit value (pg/m?) 20 40 40
WHO 2021 AQGs (ug/m’) 5 15 10

* Improving AQ is the driving motivation behind implementing a LEZ in

Warsaw in 2024

7| C_] Proposed LEZ boundary
[ Warsaw boundary
NO2z concentration
(2022 annual mean, pg/m3)
| ® 0-5
@ 5-10
0 10-36
® 36-40
® >40

7| CZ3 Proposed LEZ boundary

[] warsaw boundary

| PMz2.s concentration

(2022 annual mean, pg/m?)
® 0-25
® 25-5
& 5-18

| ® 18-20
| ® >20




Air quality model inputs & behavioral assumptions

Modelled scheme options

Scenarios

We have provided NO,, PM,, and PM, 5 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

m Minimum Euro Standard Implementation Year

Euro 4
Euro 5
Euro 6
Euro 6d
Euro 6d
Euro 7
Euro 7
ZEV

O N O O B~ W N -

Euro 2
Euro 3
Euro 4
Euro 5
Euro 6
Euro 6d
Euro 7
ZEV

2024
2026
2028
2030
2032
2034
2035
2038

2024 .

2025
2026
2027
2028
2030
2035
2038

I Original LEZ boundary
Extended LEZ boundary

[ Warsaw boundary

o -

o




Air quality model inputs & behavioral assumptions

Model inputs

 Model selection

» RapidAIR® Urban Air Quality
Modelling Platform - Ricardo’s
proprietary modelling system
developed for urban air pollution
assessment

« Air quality monitoring data

* Monitoring data provides annual
mean concentrations of NO,, PM,, &
PM, 5 at points across the city

* Applied to model validation and
locations used for reporting of results

« Background concentrations

* Non-road transport emission sources
estimated using satellite data and
background monitoring sites

N
-

] Proposed LEZ boundary
[ warsaw boundary
NOz concentration
(2022 annual mean, pg/m3)
® 0-5
5-10
10-36
| ® 36-40
® >40

Warsaw boundary

NO2 round
concentration (ug/m?)

Street canyons
» Determined using building heights data

Road gradients
» Determined using satellite data

Traffic activity and speed data
 Local traffic model data provided by the City
« Traffic count data

Vehicle fleet composition

* Vehicle age (Euro class) and fuel splits for the different vehicle
types were compiled using local (ANPR) and national data

Emission factors

« Warsaw real-world emissions data (provided by International
Council for Clean Transport) were applied to adjust COPERT
emissions factors for nitrogen oxides (NOXx)

Vehicle fleet projections

* Vehicle fleets were projected to be representative of the 2026
Baseline using data obtained from TRUE / ICCT and bus fleet
upgrade schedule



Air quality model inputs & behavioral assumptions

Behavioural response assumptions — fleet & activity

The following behavioural response assumptions were applied to non-compliant vehicles to assess the impact of the LEZ
scheme and were split between activity within the LEZ and that outside the LEZ:

Vehicles within LEZ: Vehicles outside LEZ:
e Travel behaviour response - removing the following * Travel behaviour response - we did not apply any travel
percentage of non-compliant vehicles before applying behaviour response as these are uncertain
'(cjhe upgrade res:&ipnsehtq ac;ount Lor vghlcles Zotentlally + Upgrade response - we have assumed that 19% (35%
verting, cancelling their trip or changing mode: extended LEZ) of non-compliant vehicles will see an upgrade
Vehicle type Cars Vans HGVs City buses Other buses response. This is because the transport model shows that an
Remove AADT (LEZ only)*[29%| 16% | 8% 0% 10% average of 19% (35% for extended) of trips that start outside

of the LEZ end in the LEZ.

° Upgrade response - percentage of the non_comp“ant Scheme exemption (Phase ZA) for residents IiVing in the zone :

fleet (still making journeys inside the LEZ) that upgrade « The transport model shows that 38% of passenger cars start

to a compliant vehicle by 2026: or end their journey at ‘home’ inside the extended LEZ. The
Vehicle type Cars Vans HGVs City buses Other buses percentage of these vehicles that do not meet the LEZ
Fleet upgrade™ 90%176%] 90% | __100% 89% restrictions were assumed as being exempt from the scheme

*Assumptions based on London ULEZ data (Ref: JAQU CAZ Appraisal Guidance 2019). Response shown in terms of VKM changes



Air quality modelling - NO, results

2026 Baseline NO, concentration

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

<20 <20
[ 120to30 [ 120to30
[ 130t036 [ 130to36
I 36 to 40 I 36 to 40
B > 40

I > 40




Air quality modelling - NO, results

2026 LEZ Phase 2 NO, concentration

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

<20 <20
[ 120to30 [ 120to30
[ 130t036 [ 130to36
I 36 to 40 I 36 to 40
B > 40

I > 40




Air quality modelling - NO, results

2026 LEZ Phase 3 NO, concentration

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration (ug/m3)

<20 <20
[ 120to30 [ 120to30
[ 130t036 [ 130to36
I 36 to 40 I 36 to 40
B > 40

I > 40




Air quality modelling - NO, results

NO, concentration decrease as a result of LEZ implementation

Phase 2 - Baseline

Phase 3 — Baseline

] warsaw boundary
i__1 LEZ boundary
NO2 concentration
decrease (Baseline

minus P2, ug/m3)

[ 1<05
[ lo5t01
[1to25
I 25105
-5

3 warsaw boundary
i__1 LEZ boundary
NO2 concentration
decrease (Baseline

minus P3, yg/m3)
[ 1<05
[105to1
[1to25

W 25t05
M5




Air quality modelling - NO, results

NO, concentration decrease as a result of LEZ implementation

] warsaw boundary
i__1 LEZ boundary
NO2 concentration
decrease (Baseline

minus P2A, ug/m3)

3 warsaw boundary
i__1 LEZ boundary
NO2 concentration
decrease (Baseline

minus P3A, pg/m3)

[ 1<05 [ 1<05

[]05t01 [l05to1
[Nito25 [1to25
B 25105 W 25t05

-5 |




Air quality modelling - NO, results

NO, concentration: Comparison of original and extended LEZ

Phase 3A — Phase 3

[ Warsaw boundary
i _1 LEZ boundary
NO2 concentration
(P2A minus P2, pg/m3)
Ml -<-

B -2t0-1
~]-1to-0.5

~ 1-05t00.5
105t
L1to2

-2

[ warsaw boundary
i__1 LEZ boundary
NOz concentration
(P3A minus P3, pg/m3)
<

I -2t0-1

T 1-1to-0.5

~ 1-0.5t0 0.5

_ l05t01
1to2

-2




Air quality modelling - NO, results

NO, concentration: modelled at monitoring sites

- Modelled NO, concentration ug/ma)

Site ID Orlgl.nal Exten.ded . . Phase 2A — Baseline . Phase 3A —Baseline

location location 2026 Baseline 2026 Phase 2A Phase 2A — Baseline . 2026 Phase 3A Phase 3A —Baseline .
(% 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% 32.27 -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 32.63 -2.20 -6.32% -6.18 -17.74%




Economic and health impact assessment

Health impact assessment (HIA) — overall monetised impacts

» HIA captures a range of different health impact pathways, including both mortality
and morbidity effects PHASE 3A — ‘Attributable’ health effects within Warsaw boundary

» Approach follows methodology and assumptions used in EU assessments that
captures:

* savings in healthcare costs,

» avoidance of lost productivity,
+ value that is placed on own good health and wellbeing

8 fewer new cases of chronic bronchitis in adults,

350 23 fewer bronchitis episodes in children

w
o
o

N
(o)
o

: 18,200 fewer restricted activity days .

E 8,500 fewer work days lost E

S '
- . . | 5 less new stroke cases,

15 less myocardial infarctions, |
Phase 2 Phase 2A Phase 3 Phase 3A :

- N
(&)} o U O
o o o o

Value of air pollution benefit
on human health (million zloty/annum)

o

" _ 3 fewer new cases of lung cancer
® Minimum = Maximum e e o e o e



Economic and health impact assessment

Cost benefit analysis — updated results

B:CR of the larger zone (Phase 2A / 3A) is comparable for
the respective smaller zone (Phase 2 / 3) but with higher
NPV

Car exemption for Phase 2A does not seem to have a
large effect on overall B:CR

Phase 3A is estimated to deliver a net benefit to society
valued at 5.2bn zloty (20% of Warsaw City Council’s
annual budget)

Smaller zone Extended zone
Results (Million zloty) Phase 2 Phase 3 Phase 2A Phase 3A
Health impacts 793 1,430 1,140 2,460
Change in fuel use 1,260 2,121 2,180 3,880
Chang.e in non-fuel vehicle 240 297 439 543
operating costs
GHG Emissions 201 335 346 612
Vehicle upgrade costs -753 -1,087 | -1,330 -1,990
Regldual value of scrapped 14.9 482 236 -88.3
vehicles
Welfare 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 2.91 3.20 2.80 3.24
Net present value 1,630 2,880 2,640 5,180




RICARDO

Questions?

Email:
LinkedIn:

More information at:

» Ricardo helps City of Warsaw to introduce its first ever Low Emission Zone | 2023 | Press releases | News and insights | Ricardo

* |mpacts of a low-emission zone on air pollutant and greenhouse gas emissions in Warsaw - International Council on Clean Transportation (theicct.org)



mailto:jekabs.jursins@ricardo.com
https://www.linkedin.com/in/jekabs-jursins/
https://theicct.org/publication/true-warsaw-lez-nov23/

Model verification and adjustment

Model verification points and NO, concentrations

m Latitude (°)|Longitude (°)|Measured NO, (ug/m?)|Modelled NO, (ug/m3)

Modelled vs measured NO, annual mean concentrations at receptors

DT_8 522492  21.0443 61.90 53.17 8.73 80

DT_10 522466  21.0150 61.18 40.19 20.99

DT_20 522299  21.0220 55.19 45.39 9.80

DT_26 522557  21.0346 52.51 46.88 5.63

DT_28 522370  20.9804 52.00 64.45 -12.45

DT_29 522354  21.0090 51.79 56.80 -5.01

DT_31 522474  21.0531 51.38 44.92 6.46 70

DT_32 522369  21.0177 50.55 46.77 3.78

DT_33 522257  20.9888 50.45 53.70 -3.25

DT_35 522195  20.9895 49.62 39.44 10.18 %

DT_39 522624  21.0377 48.49 4117 7.32

DT_40 522422  20.9941 48.38 52.66 -4.28

DT_43 522576  20.9942 47.15 42.20 495 - 60

DT_51 522202  21.0154 45.60 52.87 7.27 =

DT_52 522628  21.0220 45.50 44.79 0.71 © X

DT_54 52,2461 21.0122 44.98 33.58 11.40 E

DT_55 522174  20.9821 44.98 45.76 -0.78 § x x X

DT_57 522353  20.9728 44.88 50.29 -5.41 S X

DT_58 52.2536 21.0221 44.88 31.78 13.10 ~ 50 x

DT_59 522302  21.0625 4457 34.77 9.80 e

DT_60 522234  21.0167 4415 40.74 3.41 g X% X X ;

DT_62 522174  20.9824 43.74 45.67 -1.93 5 X

DT_64 522442  21.0015 4354 45.96 242 2 o

DT_67 522259  21.0143 43.23 42.42 0.81 = % % X

DT_68 522372 21.0257 43.23 39.67 3.56 40 X % X

DT_72 522307  20.9842 42.92 51.83 -8.91 «

DT_75 522476  21.0473 42.50 45.63 -3.13 %

DT_76 522547  20.9721 42.50 40.65 1.85 " X :

DT_82 522548  20.9825 41.37 35.54 5.83 -

DT_83 522350  20.9908 41.37 37.32 4.05 x ¥

DT_84 522238  21.0205 40.96 36.67 429 30 ’

DT_86 522444  20.9661 40.75 40.76 -0.01

DT_87 522511 21.0353 40.65 31.81 8.84

DT_88 522508  20.9982 40.44 33.65 6.79

DT_94 522502  20.9805 38.58 40.55 -1.97

DT_95 522375  21.0522 38.48 40.89 2.41

DT_98 522408  20.9862 37.76 54.42 -16.66 20

DT_101 52.2467 21.0641 36.52 33.67 2.85 20 30 40 50 60 70 80

DT_108 522373 21.0000 33.84 29.42 4.42 Measured NO, concentration
244A Grochowska Street  52.2457  21.0804 35.44 44.31 -8.87
83/89 Solidarnosci Street  52.2436 20.9992 36.07 40.78 -4.71

RMSE 7.50 *The dashed lines represent 30% difference between the measured and modelled concentrations




Model uncertainty

» Some clear outliers were apparent during the model verification process, whereby the model inputs could not be refined sufficiently to achieve
good model performance at these locations. There are a number of reasons why this could be the case, including:
Model inputs
» Uncertainties in the traffic model outputs
» Local HGV and private bus fleet data were not available for Warsaw, so based on the national average
» Uncertainties in future vehicle fleet projections
» Uncertainties introduced by modelling background concentrations at a low resolution over a large model domain

Monitoring data
» Limited number of annualised concentration measurements available for model verification

» Sites may be located next to a large car park, bus stop or other emission source that has not been explicitly modelled due to unknown activity
data

+ Sites may be located in unsuitable locations for diffusion tubes to measure NO, concentrations effectively

Limitations for modelling LEZ scenarios

» The potential rerouting of traffic as a result of implementation of the LEZ is not included in the transport data for the 2026 LEZ Phase 2 and
Phase 3 scenarios, but some increase in traffic is likely around the zone



Distributional analysis — Focus on impacts on businesses

___________________________________________________________________________________________________________________________________________________________________________________

Costs and affordability risks

+ Some businesses will face a cost to comply with the LEZ (i.e. those operating non-compliant vehicles). Size of impact and risk to business will also depend on a
number of other variables, relating to their vehicle ownership and use, response to the zone, and wider operation

» Smaller firms are more likely to face greater affordability risks due to a number of factors

* Hence should a LEZ be taken forward, mitigation measures could also be considered for those negatively affected and most at risk. Several potential measures were
highlighted in the stakeholder survey and workshop in the first project phase, including:

o financial subsidy for the purchase of new vehicles/retrofit/alternative means of transport, improvements of the public transport and cycling network, derogations for
certain vehicles, and amending taxi licencing conditions.

Positive effects for businesses

* For some businesses there will be positive effects: e.g. those operating cleaner fleets or modes of travel may see an increase in demand for their services. Also
businesses (in particular retail and cultural operators) may benefit from the cleaner, safer environment in the city centre.

* Through the engagement activities, many stakeholders highlighted the potential benefits of a LEZ in Warsaw. E.g. in the Workshop:

o All participants agreed on the need to improve air quality in Warsaw and that a low emissions zone could be helpful, in particular where combined with additional
measures around public and active travel which could increase promotion of a healthy and environmentally friendly lifestyles

o Most businesses noted they could/would upgrade vehicles in response, and noted city centre parking was more of an issue
« Furthermore, 40 local businesses have signed a letter supporting a LEZ in Warsaw. They suggest:

o [translated Polish to English] Examples from European cities show that Clean Transport Zones and activities limiting car traffic translate into greater activity of
residents in urban space, which has a positive impact on local business.

o Clean air, less traffic jams, less noise and more space for people are a necessary direction in the development of the capital if we want it to be a city friendly to its
inhabitants and attractive to tourists.


https://poland.cleancitiescampaign.org/petitions/lokalny-biznes-popiera-strefe-czystego-transportu-w-warszawie-2/

BURO HAPPOLD

Modelling diverse air pollution
sources In a sensitive area

Assessing human and ecological impacts from a proposed greenbelt office
campus

7 December 2023
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Project context
Environmental impact assessment for an office campus development in outskirts of Bristol

The client’s other office campuses in the
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Area context

Greenbelt land with designated ecological

Adjacent to feeder roads into the City sites nearby

of Bristol AQMA ,
Ancient woodlands

Expecting a large amount of traffic
Increase

Sites of special scientific interest (SSSI)
Ashton Court

Cocks Wood/Shipley Brake

Legend
[ site boundary

Ml Generator locations
[] 2km buffer

Ecologcial sites

o Local nature reserves
Legend ! & & [7] National nature reserves

[ Site boundary / o T 0 250 500 m EX3 Ancient woodland
1 AQVIA ) ¢ ; | [ Sites of special scientific interest (SSSIs)

/

/A5 W A

750




Key challenges

o

Increase in road
traffic flow and
resultant impacts
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Traffic modelling — human sensitive

uses

ADMS-Roads

Model verification — verified
against site specific monitoring
carried out by Buro Happold

Large model domain due to
extent of traffic generated

Worst case scenario:

< Traffic data

* Human receptors at worst case
locations along road links at
which IAQM thresholds are
exceeded

* no change in background
concentrations

Legend

[ site boundary
® Human receptor
locations
~— Modelled roads
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Key challenges

.

Potential
impacts on
nearby
ecological sites
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Impacts on sensitive ecological sites

Woodland Trust Assessment Process for Ammonia Emitting

Key m et h (o) d (o) I (o) gy: Developments and Ancient Woodland

Stage 1 - ls the development

IAQM : A g u id e to th e a Ssess m e nt Of a i r q u a | ity ::::i;zt:ﬁ:l?::ll;ﬁ?f;it >5km from an ancient woodland

in significant detrimental site?
Stage 2 - Does modelling suggest

impacts on designated nature conservation sites s
e e
Air Quality Advisory Group: AQTAG06 it s hriant

Woodland receptor. Always

* e * * ‘es — Emnissions considere :&n:lﬁere i g,;TH"fm_: U::i
Woodland Trust: Assessing air pollution impacts gl;b.m%,ﬁ“" e —
on ancient woodland — ammonia e B s o

need to be considered e.q. modelling

Is there any infermation on Objection - Stage 3 - Can

Ecological sites within 200 m of road at which a iy o the proposci/develapment be R

amended to include measures ; !
which would reduce the PC to <1%? sippaag LhE_ l_?ltm_tlng Uf.

1000 AADT increase in traffic 1km APIS data for mid-year 2020 (2019-2021)

The map below shows the depositions and concentrations of the chosen pollutant for each grid square across the protected site on a 1km grid. Selecting another pollutant will update the values
and redraw the map. To read more easily the values, you can zoom in or zoom out. To see and update the trends plot on the right handside, click on a polygon; this will alse highlight in red the area

F o u r key pa ra m ete rs: in which the trends were derived.

Choose the pollutant you want information from:

N OX CO n Ce ntrati O n Total N deposition to Forest - kg/ha/yr

Ammonia concentration + ' D AR\ DA NN

Nitrogen depOSition Calculator for Road Emissions of AMmonia

Acidification CREAM O Air Quality

Critical level and critical load

Step 1: Select and Set Traffic i : . .
Air Pollution Information System Format e Clck to Set Traffc Format_|
Step 2: Select Area England (not London)

Ammonia emission factors: CREAM Step 4: Click Run Run
Step 3: Select Year 2030




Sensitive ecological sites

Screening threshold:
1 % process contribution of critical
level/critical load

Model along transects perpendicular
to the road

Collaborate with the project ecologist
to determine significance of impacts
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Key challenges

A

Short-term
impacts of
emergency
generators

4

> 3

Quantify impacts
from proposed
fireplaces

66



Point sources

Five years of met data

.
W

A

Legend
(] Site boundary

o
REVISED BY: Author SUITABILITY STATUS: XX; a Status Code X)

PROJECT - ORIGINATOR - VOLUME - LEVEL - TYPE - ROLE - CLASS. - NUMBER STR'DE mEGLowN

M O d e I | e d po i nt SO u rce S CHECKED BY: Checker DRAWING USAGE: BRS-STL-XX-XX-SK-LS-SH0004

ORIGINATOR NO: 154898 SCALE: 1: 2600@A3 STATUS_REVISION:

www stridetreglown.com @ Stride Treglown Limited 2019

(height a.g.l labelled)
© Generator flue locations

| ® Fireplace flue locations

100 200 m
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Key challenges

4

> 3

Quantify impacts
from proposed
fireplaces
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Fireplaces

Emission profile — .fac file

Challenge of determining emission rate

Facversiond
1
fireplaceweeklyprofile

r r r

-
-
-y

t

0 1,1,1,1,1,1
0,0,0,0,0,0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0,0,0,0,0,0

-

r r r r

fireplacemonthlyprofile
1,1,1,0.5,0,0,0,0.25,1,1,1,1

Fireplace 1,1,1,0
fireplaceweeklyprofile
fireplacemonthlyprofile

Emission factors (EEA air pollutant emission inventory guidebook, 2019)

Calorific value of wood (Forest Research, 2023)

Weight of wood burned per day — reasonable worst case assumption

Challenge determining parameters such as flue diameter and efflux temperature

Concern with on-site exposure and short-term effects

Emission rate factor for

each hour in the day

r r r r r r r r r

-
-
-
-
-
-
-
-
-

[ R T

1,1,1,1,0,0,0,0,0
0,0,0,0,0,0,0,0,0
0,0,0,0,0,0,0,0,0

r r r r r r r r r

Emission rate factor for
each day in the month




Emergency generators — short term
impacts

Short term usage — have little impact on

annual average concentrations but Diesel

potential for exceedance of short term

objectives generator set

Exact times of operation not known — QS K78 series

emission profile could lead to engine

underprediction of impacts 2750kVA - 3000kVA 50 Hz

Short term output from ADMS

35%. NOx to NO, convers.ion factor Pollutant output (2/2)

(Environment Agency guidance) _New | Delte | Deleteal | Save..

Added the hourly generator contribution to Short . Av time  Exha
Narne Include A, time |

double the annual average to get an hourly | fLong unit | condition

overall concentration. EE:D = :: | g; 21-:33: | :E::

No exceedances of short term objectives - ' ' |

statistical tests not required



PM, ; contours

20 m above ground level

i
jlﬁ:__'— i

—.-w—- IREGLOWN

© Suise “replown Limites 2009

(] site boundary

Point sources
® Generator flue locations
® Fireplace flue locations

Total long-term PM2.5 - 20m 0 9.75 - 10.00pg/m3  Relevant objective/guideline values

8.75 - 9.00ug/m3
9.00 - 9.25pg/m3
9.25 - 9.50pg/m3
9.50 - 9.75pg/m3

B 10.00 - 10.25ug/m3 === 10 ug/m3 WHO Guideline Interim Target 4
B 10.25 - 10.50pg/m3
B 10.50 - 10.75pg/m3
B 10.75 - 11.00pg/m3

71



Conclusion and lesson learned

No significant impacts from the development

Stay closer to design developments - could not dissuade the client to abandon fireplaces
Time constraints — agreement of methodology with local authority

Close collaboration with ecologist — communication and early engagement is key

Ensure that it is clear what is required from them. They may not be familiar with process we follow
(IAQM guidance).
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BURO HAPPOLD

Thank you for listening

Kit Benjamin Yi Zhang
kit.benjamin@burohappold.com yi.zhang@burohappold.com

www.burohappold.com
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http://www.burohappold.com/
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