Healthy Urban Air
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A Catalogue of Urban Strategies towards
better air quality in cities
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Structure of presentation

1. Inventarisation
Why?
What?

2. Solutions

Model description
Catalogue
Subconclusion

3. Application

Beijing

4. Conclusion

Investment vs deathtoll
Other cities
Recommendations for the future city
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1. Inventarisation

110270790

1. Inventarisation
Why?
What?
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Toxic metals
CFC’s

NH,

Radio actives
Odours
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Eye iritation
Eye inflammation
Impaired sight
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Respiratory diseases
Cancers
Chronic changes in respiratory systems

Vitamin D efficiency
Depression
Impaired sight

=zillle
| /I\ ﬁ

5/99



110270790

Intrauterine growth restriction
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Cardiovascular diseases
Physiological changes

Cancers
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Death (up to 6 million/year)
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Hospital admissions

‘ Emergency department visits
- Days of restricted activity
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Work absenteism
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School absenteism

Medication
Medical treatment
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1.304.667.000.000

=-27% income
€1.890/capita globally
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How much does it really cost when youget sick? Desjardins Financial Security 2008 http://imol.google.com/k

http://www.super-solutions.com/Employee-Absenteeism-Costing-Your-Business.asp
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€140/capita globally
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€60/capita globally
High income countries: €315/capita
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1.304.667.000.000

=-27% income
€1.890/capita globally/year
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High income countries: €315/capita/year
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€2.664/capita globally/year
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1. AQ + health statistics
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Fig. 1. Pyramid of health effects associated with air pollution
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To calculate the expected number of deaths due to air
pollution (E), we take the product of:

E=betaxXxBXPXC(C

where:

E = expected number of premature deaths due to
short-term exposure

beta = percentage change in mortality per 10-ug/m3
change in PM10

B = incidence of the given health effect (deaths per
1000 people)

P = relevant exposed population for the health effect
C = change in PM10 concentration (ng/m3 X 0.1).
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7 / 99 Air quality guidelines, Global update 2005; World Heslth Organization, 2006




1. Air Pollutants
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1. Air Pollutants
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1. The Big b
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NO, PM_ co

Nitrogendioxide Particulate Matter Carbonoxide
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NO, PM_ co

Nitrogendioxide Particulate Matter Carbonoxide g

- Traffic - Traffic(diesel) - Traffic - Traffic - Industry -

- Power plants - Power plants - Chemical plants - Power plants - Smelting S

- Pulp mills - Industry - Refineries - Pulp mills mineral ores %

- Butane heaters - Soil dust - Industry - Butane heaters - Power plants [

- Stoves - Sea salt - NOx + VOC'’s - Stoves - Traffic §
- NOx, SO2,

NH3, O3

1 1 /99 Air quality guidelines, Global update 2005; World Heslth Organization, 2006



1. Diseases
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NO, PM_ co

Nitrogendioxide Particulate Matter Carbonoxide =
- Respiratory - Tens of - Coughing, - Reduced - Breathing §
illness in thousands irritation of the  oxygen problems with [
young children. of premature airways, delivery to the asthmatic 8
- Harm lung deaths every discomfort in body’s organs children and E
function in year. the chest or and tissues. adults who are %‘2
people with - Increased when breathing. - Poisonous. active outdoors.J
existing emergency - Premature - Visual - Wheezing,
respiratory room visits. aging of the impairment. chest tightness
illnesses. - Asthma lungs. - Reduced work and shortness
- Increased attacks. - Faster or more capacity. of breath.
susceptibility - Decreased lung shallow - Reduced - Respiratory
to respiratory function . breathing. manual illness.
infection. - Aggravation of dexterity. - Alterations in
- Alterations in asthma, - Poor learning the lungs’
the lung. emphysema, ability. defenses .
and other - Difficulty in - Aggravation of
respiratory performing existing
diseases. complex tasks. cardiovascular
- Increased risk of disease.
respiratory

infections.

1 z /99 Air quality guidelines, Global update 2005; World Heslth Organization, 2006



1. Guidelines
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NO, PM_ co

Nitrogendioxide Particulate Matter Carbonoxide -
NO2 PM10 03 CO SO2 o
lh 24h 1y 24h 1y lh 8h 24h 1y lh 1y 10m 1h 24h K
WHO 200 40 50 20 100 200 40 200 40 500 20 &
Chinal |120 80 40 50 40 120 150 50 20 [B
China I [120 80 40 100 60 160 250 150 50 &
China III | 240 120 80 150 120 200 700 500 150

China I: tourist, historical and conservation areas;
China II: residential urban and rural areas;
China III: industrial and heavy traffic areas.

1 3 /99 Air quality guidelines, Global update 2005; World Heslth Organization, 2006
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1. The Big b

NO,

Nitrogendioxide

- Internal combustion engines
- Thermal power stations

- Pulp mills

- Butane heaters

- Stoves

- Respiratory illness in young children.

- Harm lung function in people with exist-
ing respiratory illnesses.

- Increased susceptibility to respiratory
infection.

- Alterations in the lung.

PM,

Particulate Matter

- Diesel combustion engines
- Traffic

- Power plants

- Soil dust

- Sea salt

- Industry

-NO,, SO,, NH,, O,

- Tens of thousands of premature deaths
every year.

- Increased emergency room visits.

- Asthma attacks.

- Decreased lung function .

- Vehicules

- Chemical plants
- Refineries

- Industry

-NO, + VOC'’s

- Coughing, irritation of the airways, dis-
comfort in the chest or when breathing.

- Premature aging of the lungs.

- Faster or more shallow breathing.

- Aggravation of asthma, emphysema, and
other respiratory diseases.

- Increased risk of respiratory infections.

coO

Carbonoxide

- Internal combustion engines
- Thermal power stations

- Pulp mills

- Butane heaters

- Stoves

- Reduced oxygen delivery to the body’s
organs and tissues.

- Poisonous.

- Visual impairment.

- Reduced work capacity.

- Reduced manual dexterity.

- Poor learning ability.

- Difficulty in performing complex tasks.

- Burnig fossil fuels

- Smelting mineral ores
- Burning oil and coal

- Power plants

- Industry

- Breathing problems with asthmatic chil-
dren and adults who are active outdoors.

- Wheezing, chest tightness and shortness
of breath.

- Respiratory illness.

- Alterations in the lungs’ defenses .

- Aggravation of existing cardiovascular
disease.

NO2 PM10 03 co SO2

Tlhour 24hours annual 24hours  annual Tlhour 8hours 24hours annual lhour annual 10min 1lhour 24hours
WHO 200 40 WHO 50 20 WHO 100 200 40 WHO 200 40 WHO 500 20
China I 120 80 40 China I 50 40 Chinal | 120 China I China I 150 50 20
China II 120 80 40 China II 100 60 China II | 160 China II China II 250 150 50
China III 240 120 80 China III 150 120 China III| 200 China III China IIT 700 500 150

Class I: tourist, historical and conservation areas;
Class II: residential urban and rural areas;
Class III: industrial and heavy traffic areas.

- Car exhaust filters

- Facade filters
- Gas masks

- Car exhaust filters

- Facade filters
- Gas masks
- Tree filters

- Falling water filter
- Street ventilators
- Road roof

reduction from 70 to 20 ng/m3 means 15%
less deaths

- Car exhaust filters

- Gas masks
- New mountain

- Fresh air tubes

daily mortality rises by 0.3% and that for
heart diseases by 0.4 %, per 10 ng/m3
increase in ozone exposure

1 4 /99 Air quality guidelines, Global update 2005; World Heslth Organization, 2006

- Car exhaust filters

- Gas masks

- Car exhaust filters

- Gas masks

- Road roof
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110270790

Create a CATALOGUE with URBAN STRATEGIES
that work towards reducing air pollution in cities.

By reducing air pollution we can reduce the loss of life years/ healthy life years.
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The air quality of every city should be as the air quality guidelines of the World Health Organization prescribe.
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2. Solutions

Model description
Catalogue
Subconclusion
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Mountain ranges

Industry

17/99

Sea side

Generic City

45.080x41.980m=1892km?
1.000.000 inhabitants
200x100x21m blocks

69710 blocks

1 block = 14 persons
400x200x21m industry blocks

510 blocks

0270790
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2. Categories

Filter Ventilate
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- Gas masks - Street ventilators %
- Facade filters - Special street profiles <§
- Car exhaust filters - New mountains 2
- Tree filters - Funneling towers ]
- Algae lakes - Fresh air tubes
- Falling water - $1 billion vaccum
- Road roof cleaner
- Air purifying dress
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2. Catalogue layers
Prevent Filter Ventilate Shift
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- Exodus of industry - $1 billion vaccum - Extreme zoning —h
- Industry emission cut cleaner - Exodus of industry
- Tree filters - Fresh air tubes
- Algae lakes
- Falling water
- Electric cars - Gas masks - Street ventilators - Behavioural
- Behavioural - Facade filters - Special street profiles restrictions
restrictions - Car exhaust filters - New mountains
- Road roof
- Crowdsourcing
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2. Catalogue
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Technical information
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Category:
Strategy/Product: Electric cars

Existing projects
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SO, CO, NO,_ PM_ O,

http://www.iav.com/de/index.php?we_objectID=15760&pid=227
http://www.drive-ec1.nl/images/PDF/Prijslijst % 20eC1%202010 % 20resize.pdf http://mwrww.worldometers.info/cars/

http://www.fhwa.dot.gov/environment/air_quality/publications/fact_book/page15.cfm http://en.wikipedia.org/wiki/Motor_vehicle_emissios
http://www.epa.gov/otaq/consumer/f00013.htm http://rainforests.mongabay.com/09-carbon,_¢
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Technical information
Existing projects

Zoom in
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Induction Highway
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EC1 5-door Séduction
1 100% electric car =
;€35.995
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Induction highway

charging the ® Induction battery
battery i chargmg while
parked

= BATTERY
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- N %
?;.':.t' T
http://www.iav.com/de/index.php?we_objectID=15760&pid=227
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2. Eléctric Cars

Charge point map

sible version
LONDON

Postcode /Location: Connection type: Charge point type:
All B¥ All = [T Source London only

I}

Tip: Click and drag the map to find more charge points.
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2. Catalogue
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2. Street Ventilators Genericloiy

i Category: Ventilate Technical information
i Strategy/Product: Street ventilators '

110270790

Existing projects
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2. Street Ventilators T ———

Technical information

Existing projects

Zoom in




2. Street Ventilators T ——

Technical information
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Existing projects
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2. Street Ventilators

Contaminated/Fresh Air
* Technique to Provide Pressure Gradient:
atural Convection (Heating):
Exhaust from AC’s Condenser
Solar Radiation
Electricity Force Convection:
Intake/Blowing Fan Responsible Buildings

to Pedestrian Level

v
v
v
v

Pedestrian (L -
Water Spray Walking

Peyola  ~ -
- PN

Ventilation Ducts Pedestrian Control Volume

/ »
- 1 ] | —
\ /
Nl
S A | U |
section plan

(c)

U, =3m/s, d, =1 micron

1 L L L L L 1 L L 1 1
100 120 140 160 180 200 100 120 140 160 180 200

X (d) X

U.. =3m/s, d, =1 micron U. =5m/s, d, =1 micron

b

1 L ! L L 1 1 1 ! 1 Il
100 120 140 X 160 180 200 100 120 140 160 180 200
X

U.. =7m/s, d,=1 micron

(b)

L

100

L L L
120 140 160 180 200
X

100 120 140 160 180 200
(d) X
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2. Catalogue
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2. Tree Filters

Category: Filter
Strategy/Product: Tree filter

Technical information

110270790

Existing projects
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Dr J. Wesseling | R. Beijk | N. van Kuijeren; Effecten van groen op de luchtkwaliteit; RIVM, 2008
A.T. Vermeulen et al.; Vegetatie voor een betere luchtkwaliteit; ECN/TNO/PRI(Innovatie Programma Luchtkwaliteit), 2009




2. Tree Filt&l‘s Generic city

Technical information
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Existing projects
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2. Tree Filters

918 layers of trees _ R,
solves everything
2.754m high

37/99

Generic city
Technical information

Existing projects

Zoom in
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2. Tree Filters

Generic city

110270790

Technical information

- - - -
oo om o Existing projects =
w
++ 3
o1
No speed reduction. o
+ Filters larger particles.
L
o
()
=
(o}
Ginkgo biloba 5
— Lte i ] : o o
(@]
Trees in street: g
- o (¢)
drip-line of cano; =i
+ Sl_ows down Wlnd in streets 7 dri b collection grate
+ Filters larger particles. /—q_
— drip filter

- higher concentration of PMx.

o [ [ [

’ Trees in start/en of street:
+

No speed reduction.
+ Filters larger particles.

Trees in ‘pockets’:
+

No speed reduction.
+ Filters larger particles.

38 /99 http://www.chicagotrees.net/our-urban-forest/
il

://websearch.mep.gov.cn/was40/detail?record=2&channelid=24398&searchword=ozone
g and its role in air pollution reduction; University of California at Berkeley and Chinese Academy of Forestry




2. Tree Filters
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2. Catalogue
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Algae lakes

Road roof
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$1 billion vacuum cleaner
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Tree filters Fresh air tubes

Street ventilators

Facade filters

Car exhaust filters

Crowdsourcing
Gasmasks

small scale

€ investment per capita
€0 € 1.000.000.000
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2. Subconclusion
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A single strategy cannot solve everything




3. Application
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Beijing
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3. Beijing case study
Beijing New Delhi
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3. Beijing case study
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Deaths from urban air pollution
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UAP deaths/million
[ ]0-30

[ ]30-60

[ ]60-100

100 - 150 Estimates by WHO sub-region for 2000 (WHO World Health Report, 2002).
- The boundaries shown on this map do not imply the expressionof any opinion whatsoever on the
P ply P yop
part of the World Health Organization concerning the legal status of any country, territory, city or area
- 200 - 230 or of its authorities, or concerning the delimitation of its frontiers or boundaries. Dotted lines on maps
I:l No Data represent approximate border lines for which there may not yet be full agreement.
& WHO 2005. All rights reserved.
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3. Aim for Beijing

To bring the air quality of the city(within the fifth ringroad) to within the WHO guidelines.
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3. Beijing data

110270790

BEIJING

Population(City): 13,14 million

Area: 87 km?

Density: 782 people/km?
Population(Metropolitan): 16,95 million
Elevation 43 m

Roadlength: 4.460 km

of whichmain+expressways: 236 km
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Population(Metr):16.95 million
Area: 16807.8 km?

urban population: 77.54%
Density: 805 inh/km?

Average Household Size: 3.21
GDP: US$ 34.07 billion

Per capita GDP: US$ 3060

5 4 /99 Beijing Annual Statistics 2001
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3. Outside of the city
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Sparsely populated north
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Summer Monsoon
May - September

110M8B00H pI180[g

Summer
Vs
Ocean Winter

Mountains

Winter Monsoon

Industrialized Y o November - March
south £ /

56 /99 http://www.livescience.com/environment/080806-beijing-air-pollution. html

http://disc.sci.gsfe.nasa.gov/oceancolor/additional/science-focus/locus/USNA,_project,_1.shtml



3. Inside of the city
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3. Beijing pollution
Pollution from outide of the city fmmulmﬁﬂﬂ
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3. UHI & pollution layers
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3. Beijing -> WHO

Beiljing now

PM10 SO2 NO2 03 CO
tons 3.368,5 191.000 139.369 1.593 45.520
-2.913 -114.600 -64.903 -683 -44.700
concentration(jlg/m3) ({1438 66 70 2.000
-26 -30 -1.960

WHO(11g/m3)

¢ -128
20

50
l -30
20

40

40

40

China |

40

50
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120
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| PM10 | S02 | 03 co

24hours annual 10min lhour 24hours lhour 24hours annual 1hour 8hours 24hours annual lhour annual
WHO 50 20 WHO 500 20 WHO 200 40 WHO 100 200 40 WHO 200 40
Chinal 50 40 Chinal 150 50 20 Chinal 80 40 Chinal | 120 Chinal

China II 100 60 China II 250 150 50 China II 80 40 China Il | 160 China IT

China IIT 150 120 China III 700 500 150 China III 120 80 China III| 200 China III

Class I: tourist, historical and conservation areas;
Class II: residential urban and rural areas;
Class III: industrial and heavy traffic areas.
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3. Cleaning Beijing’s air in 5 steps

110270790

1. Prevent polluted air from outside of the city
Algae filters
Cost?
How much will it clean?

0GCESTT

2. Prevent UHI(lower urban wind layer) and filter air
Tree filters; 2 layers of trees on every building in Beijing
Cost?
How much will it clean?
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3. Suck away air from mobile sources and penetrate UHI air layer
Solar towers(Jonathan) grid over the city
Cost?
How much will it clean?

4. Clean last bits of pollution from the air
Falling water filter
Cost?
How much will it clean?

5. Beijng air = CLEAN! => What is the reduction in death toll?

62/99
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3.1 Algae Filters
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3.1 Algae Filters
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\ 14.500 m?’ algae pond

[1.600) 98
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SO, CO, NO_ PM_ O,

http://www.livescience.com/environment/080806-beijing-air-pollution. html A modeling analysis of a heavy air; X. An
Carbon monozxide and aerosols contents, boundary layer parameters and estimation of the CO sources intensity in Moscow city.; V. Rakitin et al.; 0

China Daily, http://chinathetimes.com/forum/index.php?topic=1574.0 Air quality during the 2008 BeijingOlymp
Pollution management;



3.2 Tree Filters
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Category: Filter
MM M
. - 3¢ Strategy/Product: Tree Filter -
- ( ‘ Specs: 3
- Filters PM_, aerosols and CO,u wee-20iaeay from air flowing @
through the o
canopies g
a
=
1.7m > <0510 ¢

A

Trees on roofs:

++ drip-line of canopy

drip collection grate

No speed reduction.
+ Filters larger particles.

drip filter
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3.2 Tree Filters
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NO2 03 SO2 PM10 CcO

tons filtered by trees 132,3000 256,4000 100,7000 772,0000 275,9496 =
o1
w
total tons in city 139396 1593 191000 3368,5 45520 5
percentage of tons filtered 0,09% 16,10% 0,05% 22,92% 0,61% n
areal trees now (m2) 44.508| |
times more trees needed 1054 1897 @ 165 area?2 trees now (m2) 36.504 ol
pa
areal extra trees (m2) 46.895.217 84.419.345 194.204 7.341.935 areal built now (m2) 56.990 é
area2 extra trees (m2) 38.461.917 69.237.974 159.279 6.021.614 area?2 built now (m2) 41.885 g
[}
areal extra layers on top of built 823 1.481 3 129 =

area2 extra layers on top of built 918 1.653 4 144
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3.2 Tree Filters

70/99

NO2 03 SO2 PM10 CcO

tons filtered by trees 132,3000 256,4000 100,7000 772,0000 275,9496
total tons in city 139396 1593 191000 3368,5 45520
percentage of tons filtered 0,09% 16,10% 0,05% 22,92% 0,61%

areal trees now (m2) 44.508
times more trees needed 1054 6 1897 4 165 area?2 trees now (m2) 36.504
areal extra trees (m2) 46.895.217 84.419.345 194.204 7.341.935 areal built now (m2) 56.990
area2 extra trees (m2) 38.461.917 69.237.974 159.279 6.021.614 area?2 built now (m2) 41.885
areal extra layers on top of built 823 1.481 3 129
area2 extra layers on top of built 918 1.653 4 144
tons reduction with 2 layers trees 264,6 512,8 201,4 1544,0 551,9
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3.2 Tree Filters
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* 15.170.625 extra trees
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http://www.livescience.com/environment/080806-beijing-air-pollution. html A modeling analysis of a heavy air; X. A

Carbon monozxide and aerosols contents, boundary layer parameters and estimation of the CO sources intensity in Moscow city.; V. Ralitin et al; C
i imes.com/forum/index.php?topic=1574.0 Air quality during the 2008 BeijingOlym




3.2 Tree Filters
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Mitigating the Urban Heat Island Effect: Some Points without Altering Existing City Planning; A.I. Che-Ani et al.; European Journal of Scientific

73 /99 Rotach et al.;2004



3.3 Solar Towers
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3.3 Solar Towers
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1 tower = 33,5 MW
use in Beijing = 4.735 MW

-All energy by Solar Towers: 141 towers (=13km? towers/87km? Beijing)
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-All cars electric and powered by Solar Towers: 4 tOWers (=0,36km? towers/87km? Beijing)

-All energy formerly from coal produced by Solar Towers: 81 towers (=7,5km? towers/87km? Beijing)

-All energy in THE WHOLE OF CHINA by Solar Towers: 25.216 towers

http://www.btmbeijing.com/contents/en/facts/2004/economy/infra

7 5 /99 Jonathan Telkamp
Current Status of Beijing Energy Use & the Future Development Goals; Tong Qing 3E Research Institute, Tsinghua University, 2006



3.3 Solar Towers
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1 tower = 33,5 MW
use in Beijing = 4.735 MW

-All energy by Solar Towers: 141 towers (=13km? towers/87km? Beijing)
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-All cars electric and powered by Solar Towers: 4 tOWers (=0,36km? towers/87km? Beijing)

5: 81 towers (=D,5km? towers/87km? Beijing)

-All energy formerly from coal produced by Solar Towei

-All energy in THE WHOLE OF CHINA by Solar Towers: 25.216 towers

Solﬁr Tower Solﬁr Tower

X 73 + X 8

11 km? Beijing 3 km? Beijing

http://www.btmbeijing.com/contents/en/facts/2004/economy/infra

76 /99 Jonathan Telkamp
Current Status of Beijing Energy Use & the Future Development Goals; Tong Qing 3E Research Institute, Tsinghua University, 2006
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3.3 Solar Towers

1153250

O

T R R ATRTn e o re otV
W H W H W

alaraialalmielnials s atalalalelalalnle
SRR RS 1581 1|
J il

==
@

e A S
T o T 1 T

e

[ L

80/99



3

110270790

14 =T T T -'t'!"‘-l-'""i.l’rr :

T——— i-'!"""‘*- l‘ ".-~"-- - T P 1)

el . - ‘. ] -t &
-— < "? = ‘-— o 4 =7y T

; W"ﬂ"’:‘ i ...._, - A
ezt £l - Lrais' 1 e
o e e [~ i : !

e 2 T

=
— :

-

R a0

0GCESTT

[ Lt:-i*'_

G ;IeMeééoH p190lS
=
e

. 3
—

i




3.3 Solar Towers

110270790

160

0GCESTT

140

120

&
o
0]
=
o,
uw
o
o

Q
(¢)
=
@
=
=

100 81 towers or 7,5km?

80 €404 . 3 1 1 . 500 (or €30/capita)

60

40

25

20

SO, CO_ NO_ PM_ O,

http://www.livescience.com/environment/080806-beijing-air-pollution. html A modeling analysis of a heavy air; X. An
Carbon monozxide and aerosols contents, boundary layer parameters and estimation of the CO sources intensity in Moscow city.; V. Rakitin et al.; 0

China Daily, http://chinathetimes.com/forum/index.php?topic=1574.0 Air quality during the 2008 BeijingOlymp
Pollution management;
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3.4 Falling Water Filters

lIs down in drops like rain
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3.4 Falling Water Filters

CO; 5%

NO; 36%

Gas streamlines

. Water

8 droplet

W

Neng-Huei Lin and Chi-Ming Peng; Estimates of the Contribution of Below-cloud Scavenging to the Pollutant Loadings of Rain in Taipei, Taiwan; TAO, Vol=

85/99

Peter A. Tanner and Christopher W. F. Tam; In-Cloud Concentrations and Below-Cloud Scavenging Processes in Hong Kong, China; Environ. Chem. 2006, 3

Making rain through artificial means

Cloud seeding is a weather
modification system that aims
to boost precipitation or rain
by introducing condensation
nuclei such as salt or dry ice.

Aircraft drop flares or #’ % W

artillery/rockets are
shot from the ground  ®
tointroduce artificial = ® ® ¢ ® »° o

nuclei into cloud 8. s s 8 & & @
systems that havethe = ¢ = & = = =
right conditions. * * o 8 & & 0

The artificial nuclei then Etf’:a;t‘r‘s l-.fﬁ’tﬁr ?.raPu"”u! ﬁitliin the cloud
g System to become larger dmﬁie‘m Once it becomes heavy, the
dmplets fall as rain. Hygroscopic seeding, which involves using
salts such as sedium chloride or potassium chloride, are larger
nuclei resulting in very big cloud droplets.

Once seeded, it could take
less than an hour to rain. In
case of warm cloud
systems, wherein the
temperature is not colder
than OC, salt is preferred
for seeding. Silver iodide or

dry ice is generally used for
clouds colder than OC
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3.4 Falling Water Filters
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Beijing now + Algae filters + Tree filters + Solar towers + Waterfalls
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4. Conclusion

Investment vs deathtoll
Other Cities
Recommendations for the future city
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4. Reduced death toll

110270790

To calculate the expected number of deaths due to air
pollution (E), we take the product of:

E=betaxXxBXPXC

where:

E = expected number of premature deaths due to
short-term exposure

beta = percentage change in mortality per 10-ug/m3
change in PM10

B = incidence of the given health effect (deaths per
1000 people)

P = relevant exposed population for the health effect
C = change in PM10 concentration (ug/m3 X 0.1).
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E = 0.15%(?/13.140.000)x13.140.000% 1,28 = ???
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4. Reduced death toll
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Research indicates that when the air pollution index (AQI) in Beijing rose by
10%, the daily number of deaths caused by respiratory disease increased by 3.52%
(Zhang et al., 2003).
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6.631 deaths/year  AQI 500

2.707 deaths/year  AQI 34

€2.892.141.600
or
€220,10/capita
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€1.838.960.200.000

dE®| - €2.664/capita globally/year

Boo w2 ee + €220/capi lobally/year
i €220/capita globally/yea 4

?%9 . Q o

+ €2.444/capita globally/year




4. Other cities
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4. Mexico City perfect mix
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4. Recommendations

110270790

Choose a mix of different strategies to adress different types
of pollutants at different heights.

Mix strategies that complement each other.
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New designs should consider UC, street profiles and
surrounding sources of pollution.

Take three steps: 1. prevent pollution from outside
2. prevent pollution from staying in or
above the city(e.g. UHI)
3. remove pollution
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