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1.- Introduction

*The most important air quality issues occur in urban environments due to (two factors):

Media anual NO; {pg/md)

1. High emission intensity = High pollution levels
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Table ES.1 Percentage of the urban population in the EU-28 exposed to air pollutant concentrations
above certain EU and WHO reference concentrations (2011-2013)

Pollutant EU reference value Exposure estimate WHO AQG Exposure estimate
PM,5 Year (25) 9-14 Year (10)
- PM,, Day (50) 17-30 Year (20)
0, 8-hour (120) 14-15 8-hour (100)
NO, Year (40) 8-12 Year (40)
-, / BaP Year (1 ng/m?) 25-28 Year (RL, 0.12 ng/m?)
S0, Day (125) <1 Day (20)

Notes: The estimated range in exposures refers to a recent three year period (2011-2013, except for SO, WHO AQG, 2011-2012) and includes
variations due to meteorology, as dispersion and atmospheric conditions differ from year to year.

The reference concentrations include EU limit or target levels, WHO air quality guidelines (AQG) and estimated reference levels.

The reference concentrations in brackets are in pg/m? except for BaP in ng/m3.

For some pollutants EU legislation allows a limited number of exceedances. This aspect is considered in the compilation of exposure

in relation to EU air quality limit and target values. The comparison is made for the most stringent EU limit or target values set for the
protection of human health. For PM;, the most stringent limit value is for 24-hour mean concentration and for NO it is the annual mean
limit value.

As the WHO has not set AQG for BaP, the reference level in the table was estimated assuming WHO unit risk for lung cancer for PAH
mixtures, and an acceptable risk of additional lifetime cancer risk of approximately 1 x 10 (ETC/ACM, 2011).

[
P AR E fk

Source: Based on EEA, 2015d.

Source: JRC 2013 Source: EEA 2015

2. High population exposure
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Urban air quality issues remain even in areas where significant emission
reductions have been achieved (e.g. EU-28 emissions in the last decade):

Gy BaP
G BM Gg NMVOC 016 -
9 e 4000 -
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800 - ______'_,...--""'-.\____,_ ] ‘\\’_\ 0.12 4
700 4 3000 4
600 - 2 500 4 .10 4
500 —\\’— 2 000 4 0.08 -
:EE '_‘_h‘—l—-—.___l_____ 1 500 A 0.08 4
200 1 000 4 0.04 1
100 - 500 - 0.02 4 . -
. S 0 : 0.00 - i
ol Al S ) ] A I, S 8 ~Pd‘ N
- L ST
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e Transport e Commercial, institutional and household fuel combustion . Source: EEA 2014
— |ndustry = Solvent and product use

Other Energy ex. industry
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*This is and will be very relevant due to urban population growth

Urban switching in a few decades

Urban and rural population estimates and projections

Figure 2.2  National urbanisation levels in 2010

Living in cities

Millians
Urban

5 000 Less developed World population

LAl regions of Africa, Asia (excluding
Japan), Latin Ameria and the Caribbean,

o Malanesia, Micronesia and Palynasia]

3000
Rural
population
2 000

1 000
PROJECTIONS

1]
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Share of national population

living in a city More developed World

Millions [Europe, Northern America,
20 33 50 75 90 % 1 500 Australia, New Zealand and Japan.]
EEEEE | (e Urban
1 000
___| Nodata /_
500 - Rural
Source: UN Population Division, World Urbanization Prospects (2011 revision). o

1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050
Urban population in 2010, Source: EEA, 2014
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*Urban emission and dispersion is particularly complex:

- Built areas generate their own meteorological conditions with a clear
Impact on pollutant dispersion

Parameter Air Quality Urban Climatology Urban Planning
Wind spead Very important Important Very Important
Wind Direction Very important Important Very Important
Temperaturs

Important Extremely important Very Important
Humidity
Pollutant

Concentration

Turbulent Fluxes

Extremely important

Very important

Very important

Very important

Very important

Very important

Source: Srivastava and Rao, 2011
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2.- Domestic heating inventory

q_
DGIEM-CM DGIEM-CM DGIEM-CM v
Archiva N°4 Archivo N°5 Archiva N°6
4.881 registros 169 registros 422 registros _
(depdsitos) {inst. térmicas) (inst. térmicas) ﬁ.mumﬁsmm
| $ |
Ry deesin v
7.192 registros
Gnicos —
DGIEM-CM v
5.146 registros
Gnicos
4.890 registros
v unicos
e >
1. v
UPM/ !
AYTO-2009
. 4,886 posibles
4,538 registros o

3.278 con datos de potencia

322 con datos DGIEM
3.055 con datos UPM | 9a501€0(2014)

Number of facilities with
specific data associated

Number of facilities

Biomass 178 109
Coal 656 389
Diesel 4.886 3,278
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0 2 4 8 12 16
e e Kilometers

Kilometers

Diesel boilers
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Kilometers

Coal boilers

0 2 4 8 12 16
= ey s Kilometers
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3.- Indirect emissions

Standarized
Methodologies

Global Protocol for

Community-Scale UK BSI PAS2070
Greenhouse Gas Emission

Inventories (2014) (last update in 2014)

Direct Plus Supply Consumption based
Chain methodology
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4 N
] e — [ Scope 3 ]
in-boundary out-of-boundary
waste & waste &
agriculture, wastewater Wastewater
forestry & other
land use A r . 1 other indirect
“ [ Scope 2 ] emissions
& stationary fuel Tkl :
combustion S : -. N
J grid-stipplied transmission &
industrial g °g - energy distribution
processes & o] [+ « ) S .
product use e : ¢
in-boundary \ : > Mz
transportation
out-of-boundary
\ transportation
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BASIC/BASIC+ by subsector and scope

:
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4.- Mesoscale parameterization for urban areas

- Sun!

Z

Drag Wake diffusion Radation

t(m.{!u. - \sﬁ‘.-v(l

Loment mndsd iovel

Momentum
Source: Chen et al., 2010

* Temperature
» Wind speed
» Wind direction
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Urban Classes
»oo H

L
HEHEp (e

PM, 5 (ug m=)

Bl 20-24
Bl 15-20
I 10-15
B 0.4-1.0
[ Jo2-04
[ Jo-02
[ ]-02-0
[ ]-04-02
[ ]-10--04
B -15--10
B 20--15
Bl 25--20
Bl 30--25
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5.- Microscale simulations in Madrid

Measurement campaign

Recompilation of traffic data was done
with 2 fluxes and 11 movements
cameras to define flect composition,
tratfic volume and vehicle routes
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Scenarios

12 scenarios were selected to perform 1-h length simulations

* Representative of a weekly pattern

Wednesday Friday —a— Sunday ® Selected scenarios
5000
E7 E4
4500 A E2 E6 °
e °
4000 ¢ ’
E3 E8

Vehicle intensity (veh/h)

o 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23
Hour of day (h)
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Modelling system: Microscale Traffic simulation model PTV VISSIM

9°zp/;y@

Trafnc volumen, Bus lines and stops Position of traffic lights and phases
composition and routes
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Modelling system: Microscale Traffic simulation model PTV VISSIM
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Modelling system: Microscale emissions model VERSIT+micro/ENVIVER

Fleet composition

anciflues Emission Traffic Section
Speed-time . .
[vesr ] ﬁ prfiledata Emission factor volume lenght
5mx5m
resolution Emissions per  Specific ~ Average  Total
NO, and PM,, vehicle class  emissions speed emissions Maps
[Emssionfactors | (8/h) & (g/km)  (g/km) (mfs)  (g/h)
;_ W
ekl type SUSHITIAe vehicle class name I i
yp classes class  profile  section
Car. Urban_Car_2013 FL
Taxi - = -
Surface Urban TI’UCk Ul’ban_HGV_2013_FL ——Speed ——Acceleration
Bus Urban_Bus 2013 FL 15 r6
Motorcycle Not assigned 10 4
Car_tunnel Highway Car_ 2013 FL 5] (28
Tunnel  Highway Truck_tunnel Highway HGV_2013 FL 5 2%
Bus_tunnel Highway Bus 2013 FL 101 P
-15 6

Motorcycle_tunnel Not assigned 0 10 20 30 40 %0 e 70 80 90

Time (s)
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Total emission results

* NO, hourly emissions in the square range from 100 to more than 9000
grams

« Maximum traffic intensity and emissions do not correspond because of
congestion and total traveled distance

mmm Surface traffic Tunnel traffic mNOx surface = NOX tunnel
—a—Average speed surface —e—Average speed tunnel 10000 -
14000 - 28 9000 -
S s o+ T B+ e —
12000 Y éé 8000 -
< z % 7000 -
5 10000 H 20 @ =
= 8 % 6000 -
w
2 8000 - 16 2 £ 5000 -
3 o] @
'S 6000 A - 12 8 T 4000 -
o = s
£ 4000 - 8 3 x 299
= 2 = 2000 -
2000 - 4 1000 4
0 -0 0 -
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12 E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12

Scenario Scenario
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Emission factors and congestion

Free flow
conditions

15

E1 scenario o

Speed (m/s)

Saturated
conditions
E2 scenario

Speed (m/s)

-10 4

-15

——S8peed —— Acceleration
r6
-4
x
4 2 8
@
0]
Q
-—\/ 0 g
=]
3
4 zam
- -4
t t t t t t t t t -6
0 10 20 30 40 50 60 70 80 90
Time (s)
——Speed —— Acceleration
f t t
S T I R SO

(=1
(/W) UOTRIAPIIY

« Emission factors presents huge
differences due to congestion,
up to 65% for NO,

mNOx_Surface mNOx_Tunnel

E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Scenario
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Spatial distribution of emissions

E1 scenario NO,: 248.50 g/h surface PM;o: 18.47 g/h surface

Average speed surface: 5.58 m/s (20.1 km/h) 84.45 g/h tunnel 5.47 g/h tunnel

Average speed tunnel: 27.01 m/s (97.2 km/h) 1.20 g/km surface 0.09 g/km surface
0.87 g/km tunnel 0.06 g/km tunnel

PM10 (g/h)

Average Speed (m/s) NOx (g/h)
28.0-290 I 450-650 = :2:::‘:::
275-280 I 00-450
270-275 I 230-300 S I o500 1.000
265-27.0 I 180-230 I 0:700- 0500
Free OW 260-265 | I 150-180 (| I 0:s00-0.700
250-260 120-150 05009500
R 230-250 100-120 0400-0500)
Condltlons 130-23.0 80-100 080~0.400
120-130 60-80 0:300+0.260
1.0-12.0 50-60 02500300
I 100-110 I s0-50 I 0200- 0250
N s0-100 B s0-40 [ o.160- 0200
B s0-90 B 2530 [ 0.120- 0.160
| M 50-60 B 20-25 I o.100-0.120
I ¢o0-50 Bl 1520 I 0.080-0.100
\ O I 30-40 I 1o-15 I o.060- 0.080
| - 20-30 \| - o710 [ o.040- 0.060
& I 05-20 P I os-07 P [ 0.025-0040
N o2-05 I 02-05 I o010-0025
I 0o-02 I o002 I 0.000-0.010
E3 scenario NO,: 6444.00 g/h surface PM;q: 309.60 g/h surface
Average speed surface: 5.02 m/s (18.1 km/h) 3015.00 g/h tunnel 232.50 g/h tunnel
Average speed tunnel: 26.17 m/s (94,2 km/h) 3.47 g/km surface 0.17 g/km surface
0.66 g/km tunnel 0.05 g/km tunnel
Average Speed (m/s) | NOx (gh) PM10 (g/h)
280-290 I 450-650 =::::::§:
275-280 I so0-
270-275 o I o500 - 1.000
L I 0.700 - 0.900
265-27.0 B 18.0- 23
Saturated flow e e
250-260 120
230-250 100 =900
141 130-230 8% -0.400
conditions
j 1.0-120 50 -0.300
I 100-110 B <o -0.250
[ 90- 100 B 30 -0200
I s0-90 o 25 -0.160
I 50-60 B 20 -0.120
I <0-50 s -0.100
| I 30-40 o -0.080
B 20-30 N o7 -0.060
& Il os-20 | I os -0.040
Il o2-05 | H -0.025
" | B 00-02 . oo -0010
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Comparison with COPERT 4

« Emission factors as a function of speed have been estimated

mCOPERT 4 m=mVERSIT+ micro
1,2 4

1,0 1
0,8 -
0,6 -
04 -

0,2 A

NOx Emission Factors for Car (g/km)

0,0 -
E1 E2 E3 E4 E5 E6 E7 E8 E9 E10 E11 E12
Scenario

* Mean normalized bias error = 14% (taking COPERT as a reference)

 Deviations of VERSIT+ at scenario level range between -6% and 31%



=
45t TFIAM /()]

-;' &
| _[a8a] | <

Lisbon. 23-25 May 2016 iiﬁ?ﬁn‘fuws POLITECNICA .

CFD modelling and comparison with passive samplers
0 Zoom 300 m x 300 m — 72 passive samplers

QO Passive samplers: NO, averaged concentration over 444 h at 3 m. NO, is
transformed into NO, using the time average of the ratio at AQ station

[NOJx ] =[NOJx ] /[NOJ2 ] )id.

0 NO, averaged concentration over 444 h is modelled.

400

360 i

320 -+
280 -

240 -

NO, (ng m?)

200 -

160 -
120 -

80 H {N\im APz

40 I ' I ' 1 ' I ! I v T ' I ' I v T N T T’ T ' I !
40 50 60 70 80 90 100 110 120 130 140 150
ID (PS)

nce
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400 ;
- I.
— y=1.08x+1 P
"-’E 304  R=0.72
2 300~ j
N i /
3 s /I
@ 250 ;
O 200+ v
7 | | |
3 1 F ]
= 150 - - A
()] ] ’/ - e
© ’ ] | | »
S 1004 b4 L] S
= i
x 1 // -
O 504 _-
Z -

T T T T ¥ I " 1. -1
50 100 150 200 250 300 350 400

NO_Measured (ng m'3)

(d Slight overestimation

Clmod Acceptance Criteria (Goricsan et al.,

[224+ ] 2011 and Chang et al., 2005)
NMSE 0.11 <15 Good
FB -0.09 -0.3<0<0.3 Good
R 0.72 0.5<R<0.8 Fair

0.0

25.0

50.0

500 550 600 650

NO, (ug m?)

75.0 100.0 1250 150.0

700

175.0 200.0 225.0
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6.- Population exposure through mobile data

Mobile data analysis WRF-SMOKE-CMAQ model
(anonimized data) (UPM)

! !

Comparison with census- Analysis of monitoring
based results stations representativeness
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Area of the study
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Exposure indicator at different periods of time
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Total exposure throughout the day estimates: a) static census-based
approach and b) dynamic CDRs-based approach

I:Il' ]
Total daily exposure
(ug'm3-person -h)

256-1256590
135690-375729
3757 29-ToE556
758556-1266247
1266247-1876790
1876 Ta0-2643267

N 2e43267-3802919
B 3E02919-5012810
B 5012810-6625096
B G625096-ET61646
m B 2Tel646-12573170
B 12573176-1T529816
B 17529816-2 4038337
I 24038337 32266337
B 32266337 44946025
g A4946025-80107793
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Exposure indicator evolution along the day for specific city areas: a)
Chamartin District, and b) Carabanchel District

1.60E+07 Stati h 180507
— Static approac a — Static approach h
1AOE+07 1.60E+0F
Dynamic approach ~ Dynamic approach
L.20E4+07 1.A0E+07
5 5 1.20E+07
B 1006407 i
T T 100607
‘s B.O0E+05 T
-l =
3 3 E.DDE+D6
w L]
0 5.00E+05 g
it X 6D0E6
1.00E+06
4,00E+06
2.00E+06 2.00E+06
0.00E -+ 0D 0.00E+00
0 5 10 15 20 25 0 5 10 15 20 2%

time time
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/.- Future Madrid AQ Plan

— Road traffic (reduction on motorized traffic):
— Population mobility redistribution
— Park and ride in the crown of the city
— Increased cost of surface parking: use of public space and motorized mobility
— Development / implementation of reserved platforms (BUS-HOV lanes)
— Redistributing road space
— Expansion of the cycling network
— Promoting bicycle use
— Encouraging modal exchange

— Increased efficiency of Urban Freight (logistics platforms, improving loading and
unloading bays, etc.)

— Encourage mobility plans in companies

— Control access to the city
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— Road traffic (reduction on motorized traffic):
— Speed reduction in access roads
— Promotion of technologies with less emissions (based on the labeling of the DGT)

— Private: incentives - priority access and parking

— Taxi: limitation of sale and priority access

— Heavy duty vehicles: access limitation

— Buses: reduction of diesel buses and increase of electric vehicles
— Other municipal fleet

— Mobility restrictions for empty taxis
— Restructuring the bus network

— Street washing activities
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8.- Protocol for high pollution episodes

FASE 1 FASE 2 FASE 3

Madrid
(almendra
central)
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9.- Urban freight distribution

Data-driven methodology to guide city logistics decisions ™\
e.g. parking, night-deliveries, vehicle restrictions, urban consolidation centers

Policy &
incentives

Madrid

City Logistics Clusters

Practices &
Infrastructure
technology

Analysis of critical areas: Policy recommendations:
- M:km?, high-re.s a'nalysi.s - M: Different techniques
- O: quantify deliv. intensity - O: Better Cities For Logistics

City-wide assessment:

- M: PCA & cluster analysis
- O:identify critical areas

M: Methods - O: 4k 4 A MIT Centerfor
Transportation & Logistics

Outcome
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1 Plot the time of use of L/U bays 2 Estimate the number of L/U bays

Minutes of use of L/U bays o Average@Numberbf/ehiclesinBystemBueuel
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: 3 Optimal location of delivery bays
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Based on our data collected, we can also estimate 2y, =1 Wi
time of L/U parking based on: y,-x,s0 vij
« commercial vehicle type Sx, =P
» type of stores y fo}
« store sizes '
x, = {ou}
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10.- Other work

Laboratory estimation of black carbon emissions from cookstoves

[T Gravimetric Filter
Ll Housing

Standarized Water Boiling Test
(WBT) conducted in a LEMS*#

PM,  emissions collected in
guartz fiber filters

A“G
Stove type
(Fuel type: Cordyla g
Pinnata)
3-Stones | Ceramic | Rocket | Gasifier
Fuel consumptionto | 10454+5 | 9239+ |9435*+78| 14966+
boil 5 L of water (MJ) 63 1192 0 390
Fuel consumptionto |11278+34| 11235+ | 11408+ | (Boil+
simmer 45 min (MJ) 7 1062 867 simmer)
BC Emission Factor
+ + +
(EF) to boil (mg/MJ) 102+10 98+15 214+68 9(%)?“24-4
BC EF to simmer 80+6 | 91+13 | 149+44 | simmer)
(mg/MJ)
. 1998+20 | 193534 | 3752+
Total BC emitted (g) 0 3 1372 911+492
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Comparison between GAINS and national emission inventory
TABLE 1 - SO, emissions: GAINS scenario vs national inventory
2005 2010
Sectoral Sectoral
Activity implied SO, Activity implied SO,
rate emission | emissions rate emission | emissions
factor factor
Power generation 19% M4[21% ¥ [ 5% & [33% @ [54% & [38% & |
Industrial combustion 3% W [53% W |[51% W [16% M [76% W [72% W |

4 means that GAINS > national inventory and ¥ means that GAINS < national inventory

Road transport 3% 4| 4% 41 7% ®12% ¥ |9% 7% o
Power generation 9% 4 [32% ¥ [19% ¥ [3% M [38% ¥ [17% ¥ |
Industrial combustion 3% 4| 10% W | 7% W [16% 4 |[42% & [32% W

TABLE 2 - NO, emissions: GAINS scenario vs national inventory

2005 2010
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TABLE 3 - PM, . emissions: GAINS scenario vs national inventory
2005 2010
Sectoral Sectoral
Activity implied PM, Activity implied PM,
rate emission | emissions rate emission | emissions
factor factor
Non-industrial and non- o o o o o o
mobile combustion 5% & |23% M|17% 4 |18% $| 9% M| 1% §
Road transport 3% 4 [13% M |16% W[ 2% ¥ [28% 4 [26% M
Industrial combustion 3% 4[55% W |[54% W [13% 4 [65% W [59% W |
" Power generation 9% 4 [118% ¥ [ 2% ¥ [3% 4 [10% ¥ [21% 4 |

4 means that GAINS > national inventory and ¥ means that GAINS < national inventory

« Significantly different sectoral emissions although similar national totals (not for
PM, 5)

* In 2010, GAINS scenario moved away from official national emissions,
especially for some sectors and activities (eg. lime production)

 Potential problems for emission projections
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Thank you for your attention!

Study carried out within the TECNAIRE-CM (innovative technologies for
the assessment and improvement of urban air quality) scientific H
Comunidad
UM <ecno06ias NOVADORAS programme funded by the Directorate General for Universities and de Madrid

|

/

,.’:L‘l' para la evaluacion y mejora
i )

=] delocaldad e rbanc Research of the Greater Madrid Region (S2013/MAE-2972).

www tecnaire-cm.org
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