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Presentation Outline



Background to TiO2 Materials

ωVariety of products containing TiO2ς
including paints, glass, coatings, 
cement, mortar & plaster.

ω Interior Applications

× De-odorisation
× Air purification

ωExterior Applications
× Anti-fogging
× Self Cleaning
× De-pollution

Jubilee Church Rome ςTiO2 cement 

Osaka Japan ςTiO2 paving blocks

Background to Photocatalytic 

Materials



UV light

How Photocatalytic Materials Work
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Photocatalytic Materials & NOx 

Reduction Research  

Research Published in Scientific Journals
ωNumerous laboratory studies

ω Several studies in controlled environments

aŀƴǳŦŀŎǘǳǊŜǊΩǎ {ǘǳŘƛŜǎ
ωPhotocatalytic Innovative Coverings Applications for Depollution 

Assessment (PICADA) project

ω Few studies carried out in Europe

[ƻŎŀƭ !ǳǘƘƻǊƛǘȅ ΨwŜŀƭ ²ƻǊƭŘΩ 9ȄǇŜǊƛƳŜƴǘǎ

ωCamden ςD-NOx paving (2006) 

ω City of London ςD-NOx paint (2006)

ω Cheshire East ςPhotocatalytic paint (2008)



ω Aim - to assess the efficacy of a TiO2 coating as control method 
for reducing NO2 concentrations in the urban environment

ω tǊƻƧŜŎǘ ǇŀǊǘƴŜǊǎ aƛƭƭŜƴƴƛǳƳ /ƘŜƳƛŎŀƭǎΣ YƛƴƎΩǎ /ƻƭƭŜƎŜ [ƻƴŘƻƴ 
and Transport For London

ω {ǘǳŘȅ ǎƛǘŜΥ ŀƴ ŜƴŎƭƻǎŜŘ ŎƻǳǊǘȅŀǊŘ ǿƛǘƘƛƴ /ŜƴǘǊŀƭ {ǘ aŀǊǘƛƴΩǎ 
Art College, High Holborn 

ω Chemiluminescentanalysers deployed to measure NOx, NO, 
NO2

ω Ψ/ƻŀǘƛƴƎ ŜŦŦƛŎŀŎȅΩ ςquantified by comparing NOx
concentrations prior to and following the coating application.
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MET monitoring - solar 

radiation, humidity, rainfall, 

wind speed & direction

Study Site ïCentral St Martinôs Art 

College



ωThree phases:

- Co-location (both inlets at 1.5 m): 7 weeks.

- Pre-intervention (inlets separated, no paint): 16 months.

- Wall refurbishment.

- Post intervention (inlets separated, paint):  9 months.
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Experimental Time-Line



ωThe effects of the coating were assessed relative to a 
ǎŜǘ ƻŦ ΨŎƻƴǘǊƻƭΩ ƳŜŀǎǳǊŜƳŜƴǘǎ 

ωThree control measurements applied:

- Comparison of 1 m and 0.1 m measurements.

- Comparison with measurements from surrounding LAQN 
monitoring sites. 

- Comparison with measurements taken at night. 
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Measurement Controls
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Measurement Controls



ωThe analyses attempted to establish whether:

- any difference between concentrations recorded at the near 
wall study site (CD5) and 1m study site (CD4) changed 
significantly following application of the paint,

- any difference between concentrations recorded at each 
study site and ILBG control changed significantly following 
application of the paint,

- any identifiable change was greater during periods of 
optimum meteorological conditions than during the night,

- any identifiable change was coincidental with the timing of 
the paint application and sustained throughout the 
remaining study period.
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Analysis Rationale



ωNote: incomplete post-intervention winter period.
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date

2007 2008 2009

missing = 16172 (25.2%)

min = -0.1

max = 453.4

mean = 31.4

median = 25.4

95th percentile = 80

48.2 % 87.3 % 82.2 %

M
E

A
N

 

missing = 12542 (19.5%)

min = -2.1

max = 689.7

mean = 34.9

median = 27.2

95th percentile = 100

73.1 % 89.8 % 75.9 %

C
D

4
 

missing = 11797 (18.4%)

min = -2.4

max = 704.2

mean = 33.1

median = 25.4

95th percentile = 95.9

69 % 90.4 % 81.9 %

C
D

5
 

value

P
e

rc
e

n
t 
o

f 
T

o
ta

l

0

5

10

15

20

0 50 100 150

0

5

10

15

20

0 50 100 150

0

5

10

15

20

0 50 100 150

Basic Description of Data
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ωNOX and NO2 at study sites higher than ILBG control pre-

intervention, but similar post-intervention.

Basic Description of Data



ωNOX and NO2 significantly lower post-intervention.

ω No significant increased effect during the daylight.

14

-5

-4

-3

-2

-1

0

1

2

co-location pre-intervention post-intervention co-location pre-intervention post-intervention

NO2 NOX

D
if
fe

re
n
c
e
 i
n
 c

o
n
c
e

n
tr

a
tio

n
 b

e
tw

e
e

n
 s

tu
d
y 

s
ite

s
 / 

p
p
b All data Solar > 0 W m-2 Solar = 0  W m-2

Comparison of Near Wall & 1m Sites
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Comparison of Study Sites & ILBG Ctrl

Weekly mean time series of NOX concentrations at study sites & the ILBG control.

ωPeriods during pre-intervention phase when NOx double the control

ÅNOXconcentrations lower at study sites post-intervention



Monthly & Diurnal Variation in 

Controlled NOX CD5
CD4 difference from Inner London mean, NOX / ppb 
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ωZero difference between 00:00 and 05:00
ωMonthly variation decreases post-intervention
ωBUT non-uniform distribution of difference, periods of high 

exceptionally high differences

Suggests coating 
effective



ωStrong local source of NOX evident during NW winds

17

CD5 NOX / ppb - local wind 
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CD5 NOX / ppb - regional wind 
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Influence of Wind Conditions on NOx

Local Regional

Relationship between NOX at CD5 and wind speed (radial axis) 
and direction (polar axis)



ωLarge decrease in local source of NOX.
ω No clear difference evident during winds outside of NW sector 

during either phase.
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Pre-intervention Post-intervention

Change in Controlled NOx at CD5


