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Context — Energy consumption

Energy transition

o Global priority
o Environmentals policies to reduce GHG and air pollutant emissions

o Limitations of abatement technologies (Internal combustion engine)
Energy use in the future ?
New reflexions on reducing energy use (Urban planning)
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Renewable
Energy

9% fossil fuels
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Energy mix (2005 )

Energy use per sector (2005 )
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Context — Energy consumption

Energy transition

o Global priority
o Environmentals policies to reduce GHG and air pollutant emissions
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Context — Energy consumption

Energy transition

o Global priority
o Environmentals policies to reduce GHG and air pollutant emissions

o Limitations of abatement technologies (Internal combustion engine)
Energy use in the future ?
New reflexions on reducing energy use (Urban planning)
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O High density urban settlement
O Proximity and mixity of services
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Compact city

O High density urban settlement
O Proximity and mixity of services

1 Reducing commuting distances Reduction of energy use/ GHG /air pollutant
o Organizing energy networks (heating, services)

o X travel by car 2 walking / cycling

Reinforcing potential exposure to degraded air quality
o Increase in street canyon / traffic congestion
'~. o Reduction of green spaces

impacts of urban o
policies on air quality :

x"\'NaIking / cycling distance

How to model those impacts ?
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Integrated modeling of the analysis of impacts of urban policies on air

quality

Diagnosis of future scenarios

* Academics (Compact, sprawl cities)

e Territorial planning schemes

Taking into account the major determinants of the city
* Economic/ Energy / Housing / Transport / Health

Urban policies

(X ]
New public _— '
transportation - - 1 housing
lines -

Emissions
modelling

Weather
modelling

Air quality
modelling
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The modeling chain : NEDUM

Land-Use Model

Urban policies

NEDUM

———————————————————————
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The modeling chain : NEDUM

NEDUM

Simulates the evolution over time
of the spatial distribution of land
use, population density, height of
buildings ...

Viguié, V. et Al 2014.

< ~ 0 20 40 km | G
L~~~ . T T L 1

Legend

BN Urban extension by 2050
Urban extension by 2100

~ Main public transport routes
Administrative boundaries

NEDUM simulated urban area extension.

liso

[NEDUM : Land-Use model
inacity ?

choice ?

= how the inhabitants choose to locate
= how policies can influence their

= what are the socio-economic effects
k associated to these policies ? j

~

Urban policies

I NEDUM


http://www.sciencedirect.com/science/article/pii/S0040162514000092

NEDUM - Methodology liSQ

NEDUM

Job center .
Household .

Transport
infrastructure

Locate households of a zone in terms

U based on budgetary constraint of households (cost of
transport, housing, and size of dwellings)

1 Real estate development depend on the demand

U development of transport infrastructure favor the spreading
out of the city

Urban policies
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NEDUM - Validation i \

NEDUM
U Calibrated on the greater Paris

Urban policies

Figure : Simulated urbanized area compared to actual urbanized area.
Actual urban area appears in black (Source : Corinne Land Cover and IAU), whereas
model simulation appears in transparent green.

NEDUM

Number and size of houses

Land-Use Model

Source : Viguié et Al 2012
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The modeling chain : emission modeling chain liSQ
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The modeling chain : GAIA

GAIA (GenerAtion of synthetic populAtion) o e [ ET T T e e ] ‘e
0 Generate a synthetic population based on population density (at district level)
O Provides several data (age, sex, job, driving licence, car...)

55-59 =
50-54 =
45-49 =
40-44 =
35-39=
30-34=
25-29=
20-24 =
15-19 =
10-14 =

5-9m

0-4 =

[] (] T [ []
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Greater Paris population pyramid (GAIA)
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Agent_32 Agent_45 Agent_98
Age 30 67 2 (%))
Sex F M F S
Activity unemployed School employed Retired None ‘B
Driving licence NO YES YES YES NO K%
Car 0 0 1 1 0 e
L




GAIA - Methodology

GAIA (GenerAtion of synthetic populAtion)
O Identification of discrete conditional probabilities
(data Census)

o0
U Random distribution law based on these probabilities 'M‘
O Agent generation Households per zone 'l‘ ‘l‘

Center/Suburb/Suburb?

Probabilité p
025 N - o
il household size ..: 0 1..,5
015 . g
household type |*.+],

0,10 L) .
“aull I . =
0,00 . J ‘::

[-03{ [03-05] [06-10] [11-17] [18-24] [25-39] [40-54] [SS-64] [65-79] ([BO-..[ ©Thema(2011)

Distribution of population by age group

Family Couple Monoparental

JaT A my e SR I I I I
2 TS 077 N S
.’5‘ p';f‘ T L
LR ERLH
5 "’:.“..’J Number of agents
B ¢
o
age T, 01,..,90
.
sex |'3T, Male, Female
.
Activity :.: . Work, school, inactive, retired
Q
2 S
S car :.~ R 012
.
Driving license :.: «| YES/NO

GAIA
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GAIA - Validation

GAIA
O Calibrated on the greater Paris
U Good estimation

. « Population . 1
mmm INSEE

1% difference

mmm POP_synth

Overestimation

Underestimation

.73
0.21

o

o

-
o

4 ans 15a29 ans 30a44 ans 45 a 59 ans Oa74ans 75 ans ou plu

population distribution (greater Paris)

GAIA

Emissions




The modelling chain : Moirai

MOIRAI (MOdelling with high Resolution individual populAtion timetable)

L Generation of agent timetable

O Modal split
O Activity duration
Time O Activity Trip
=Y /ﬁ\
D) Ny ) atlal.

- ®
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®
(T (T L=
00 =R
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MOIRAI - Methodology liSQ

Agent
MOIRAI . . .
o . o . . g\ Calculation of the attractiveness of jobs center per zone
U Generation of districts attractiveness (Gravity model) o o o
} Probabiblitysuraciiviry (i, ], distance) = K X Attractivity

77
S

U For each agent
= Timetable (Number of daily trips, priorities)
= Location of activities(attractiveness)
=  Modal split (Car, driving license)

1 x—distancemoyenne

e =)

Attractivity(i, j, distance) = Emploi; X Emploi; X

1
o2

distanceyoyenne
2

Activity
& attractiveness

Attractivity(ij)
ZFWS Attractivity(ij)

j=z0ne,

K =

The attractivities of the activities vary according to the average distance calibrated using the EGT
(French Census)

g S/

2O /
.ﬁ‘/' ‘@ MOIRAI
O or

Emissions




MOIRAI - Validation li ‘

MOIRAI
U Calibrated on the greater Paris

O Modal split (work in progress...)
omnil o] )

3.87 4.4 km 41 M 4.05 4.7 km 41M
Trips per Mean Trips a day Trips per Mean Trips a day
day length trip day length trip

Car

e _

MOIRAI

Public transportation
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The modeling chain : HERMES

HERMES : Spatial modeling of individualized travel path

U Generation of car fleet
U Generation of the path (Dijsktra algorithm of shortest path — Graph theory)

Ay ©

Fuel

o
\d Cylinder

i Technology

ISO\

Emissions
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HERMES - Methodology

HERMES
U Generate the road graph (free speed)
O For each agent

= Locate agent origin and destination trips closest nodes
=  Get the path (Dijkstra)

Calculate the cold start engine section (beta)
Generate car profile (M. Carteret (2014) ) /m Fuel

 6%)) —a" Cylinder

=
\;, ’  Technology
= b

AR '\
0/ 775 \‘ QE@
0\ ‘ e{,{/ \\\\ \\ ,
= g

B = 0.6474 — 0.02545 X L, — (0.00974 — 0.000385 x L,,5,) x 1, | 2kstra shortest path algorithm

Based on the euclidean distances and

weighted of the time spent on the
section

cold start engine section

E
z
R
=
s /
H cold excess emission
z
g
§
v

H G
]
= hot emission

o »

] >

lmI d travelled distance

Figure 2: Evolution of the instantaneous emission of a vehicle according to travelled distance in

given running conditions.
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HERMES - Validation

HERMES
U Calibrated on the greater Paris
O Validation in progress

IAU data Trip number per section

TMJA

Low traffic (< 25 000)

Medium traffic (25 000 - 75 000)
s High traffic (75 000 - 150 000)
mmmm Very high traffic (150 000 -300 000)

Good reproduction of the congestion of Paris ring road

HERMES

HERMES Trip number per section

Emissions




The modeling chain : IFRIT

IFRIT : Spatial modeling of individualized travel emissions

0 Modelling the the exhaust emissions for passenger car

BN

Exhaust
emissions

Road vehicles j‘>

Engine
Combustion

ISO\

Emissions

IFRIT




IFRIT - Methodology

IFRIT : Spatial modeling of individualized travel emissions

L Calculate hot and cold start emissions NOx, NMVOC, CO,PM
for every trip (COPERT methodology)

Fuel variable

&,

Consumption o |-

Activity data
Mileage per vehicle class

Speed, ki
9

V[
[

Driving conditions

20 -+

cuperh@

Emission factor

\

EHO'I‘:i,k‘r :Nk x Mk‘r X eHO'[';i,k,r

"~

'

ETOTAL: EHOT+ ECOLD

o

Average speed per vehicle type and per road

Other variable
Climatic condition
Mean trip distance

x EURO3

o o o

o

Emissions factors
Per type of emission (hot, cold)

Y

/
z
\

Cold path fraction

8 Gasoline x EUROL EURD4
* EUROD2 EUROS

o ©
O

Emissions for all pollutant for all 0 2
Corinair road traffic source categories

J

Ecorp;ij= Bi,k XNk XMk Xenorix X(€corp /enot|ix-1)

4 copert®

Warm/cold Ratio

IFRIT

Emissions




IFRIT - Validation

IFRIT

U Comparison with french Air quality monitoring network

O in progress...

PM2.5 l

VvVOC

10

20

Underestimation NMVOC

30 40 50
Tons/day

60

70

80

B FRIT

M Airparif

Overestimation on NOx

90

Emissions
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The modeling chain : HESTIA

HESTIA : Spatial modeling of small combustion emissions

O Modelling the small combustion installations for every household in residential sector

= heating
= provision of hot water

u fu

v-dm

Emissions
Heating >
Combustion Boiling >
Cooking >

stoves

Small boilers (< 50 kW)

L]
cookers

fireplaces

Emissions

HESTIA

Residential emissions




HESTIA - Methodology liSQ

HESTIA
Modelling the small combustion installations for every household in residential sector European Environment Agency ;:5

U Generation of the energy demand E— ZEF . A
— ijk J-K

J Climatic correction
J Small combustion emission factor

Ei = annual emission of pollutant i,

EF; j« = default emission factor of pollutant i for
source type j and fuel k

A .= annual consumption of fuel k in source

Type of housing
Collective / individual house
Age

|
|
| ,
_ - -~ 1 Collective Individuel : typej.
Surface of the housing -7 \_ amYhab  390mfhab !
In m? | - - - Pfeiffer et al., (2000) , Kubica, et al., (2004). , CITEPA
Small combustion
E fh . Based on consommations unitaires des résidences
nergy use ot housing principales par usage a climat normal en kWh/m2
Annual energy consumption in kWh 186 kWh/m2 (2011)
Energy type
Electricity, Gas, oil,
wood, other
2%

Clectricté  WGaznaturel W Chauffage urbain M Produts pétroliers  WBois W Autres combustibles

Climatic correction

Based on Degree day ' ARENE & HESTIA
& i
)
Emissions for all pollutant for all ¥HoaFrance R
Corinair small combustion source uE.l

categories




HESTIA - Validation l ’ ‘

HESTIA
O Validation in progress
U Comparison with french Air quality monitoring network

PM2.5

PM10
B HESTIA =
M Airparif GAIA I
MOIRAI
Nox
HESTIA
0 2000 4000 6000 8000 10000 12000 14000 16000 18000 Residential emissi
Tons/day
Passenger car emissions
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The modellng chain: Chemistry-transport model liSQ

Emissions

Weather fields Ii
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The modeling chain : CHIMERE i

Eulerian off-line chemistry-transport model (CTM) @’\ imere

O Calculate at each timestep AC in each box
U Forecasting and analysis of air quality
O Driven by weather outputs WRF

Transport vertical

chimie

advection

10dop

émission

Emissions

Weather fields

A 4

CHIMERE




CHIMERE - simulations

O triple nested simulation with :

1. Global domain (LMDZ-INCA)
2. Continental domain (CHIMERE)
3. National domain (CHIMERE)

| )i A ]
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Global domain

1° X 1°

Continental domain
0.5° X 0.5°

National domain
15km X 15km

Regional domain
1km X 1km

Weather fields

Emissions

A 4
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CHIMERE - validation liSQ

CHIMERE . .
U Validation in progress 140 Regional domain
O Comparison with french Air quality monitoring network 1km X 1km

120

RS a6 Continental domain
0.5° X 0.5°

s

100

80

60

Concentrations (ppb)

40

T T 1
48 72 96 120 144 168

Concentrations of NO2 in ppb (City station Paris 132™¢)

National domain
" 15km X 15km Weather fields Emissions
Q -
e
0 CHIMERE
¢

R and RMSE for NO2 for rural Air-Base stations on the first week of January




N

Scenarios liSQ

GAIA

WRF
MOIRAI
HESTIA
CHIMERE

HERMES IFRIT

Emissions
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Scenarios liga

SPRAWL COMPACT

' GAIA
MOIRAI I m
| | a HESTIA
. Leisure 2 » CHIMERE
\ 4 E HERMES IFRIT

Exposure



Generation of land use scenarios

Study on past urbanization

Reference situation in 1960 (On data census)
Sprawl city - Expansion of Paris with no specific constraint (LUTI) .
Compact city - Expansion of Paris with a green-belt (LUTI) Un-built area
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Scenarios parametrization

Parameters fixed in time

O job centers location of 2008 @
U Single average income per individual
U Transportation network of 2008

Areas

[ Center
[] Suburb
[ | Suburb2
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Scenarios - Land-use transport outputs liSQ

households density

>+ 100 %
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Scenarios - Road emissions outputs

U Car fleet of 2008 (Census data)

O No congestion 1e12
~
. :]T- - - " >1 NE
I . .- Scenario_SPRAWL <
" . - o (] "
- - - L 6 .
- > e
0.5 - '

SPRAWL - COMPACT

Difference map of daily mean NO emissions

;L =
“ ".Scenario_COMPACT

Daily mean NO emissions

-a . l -a
_ L) : <0
Daily mean NO emissions
v

2
>1

Molec/cm?/s

<-1

lel2
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0.5

<0
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Emissions
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Scenarios — CTM outputs liSQ

timestep =0 ppb

SPRAWL - COMPACT

71 ] ) - B meeneeseemmmameaes SN, SYPPEERERa

43.5°N

-—10 | m

—20 CHIMERE

2°E 3°E

NO2 difference concentration v
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Scenarios — CTM outputs time series liSQ

o Ppb ] sprawL [ compact Center average

60
50
40
30

20/

10

oé 20 40 60 80 100 120 140 160

!' Concentration of NO2 during a week (January 2009 - Average of all meshes in the center area

ppb  [] sprawL [] compacT ‘ Surburb average
Center zone i

‘ Surburb zone

CHIMERE

concentration appears higher, in
average, in the compact scenario
(With the previous hypothesis)

\4

Concentration of NO2 during a week (January 2009) - Average of all meshes in the 1st suburb arm




Outlook

Conclusion

U Operational modeling chain

O Sensitivity in terms of air quality

O In the center of the city, pollutants concentration appears higher, in average, in the compact scenario
O Simplied modeling of the city — Change modal split sensibility

Ongoing

Downscaling

U Modelling at a smaller scale

et

NEDUM

Emissions
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MOIRAI
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v
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\ 4
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Outlook

Downscaling
Extrapolation of CTM mesoscale to micro-environments @'] iImere
Work in progress...

O Learning Capacity / Extrapolation
O Potential for transposition to other sites / Standard micro-environments

Meso-scale Chackground
Micro-scale
| ¥ —— -
| %1 A
J —_@4

o

1

cmicro-environnement =X (wind, confinement) Cbackgrouncl +X; (wind, confinement) crégionale Moussiopouios et al. (2014)

A

1km resolution

cmicro-environnement - cregionale + cincrement

Cincrement = [Sin(e) + 1] * [ X1 Cbackground"' X3 H/WL * emislwspeed]
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Outlook

Conclusion

U Operational modeling chain

O Sensitivity in terms of air quality

O In the center of the city, pollutants concentration appears higher, in average, in the compact scenario
O Simplied modeling of the city — Change modal split sensibility

Ongoing

Downscaling

U Modelling at a smaller scale

Individual exposure

U Time geography exposure (Work in progess...)

Emissions

GAIA

MOIRAI

HERMES

v

HESTIA
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CHIMERE
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Outlook

ISO\

Individual exposure
Time geography exposure (Work in progess...)

O MOIRAI + CHIMERE (Downscaling)

TimeA
Home ﬁ
18 .o . .
Individual Exposure= ZC time...
Leisure
12
J Work
6
ﬁ Home
0

Individual daily movement trajectory




Outlook l' ~

Conclusion

O Operational modeling chain Land/transport

O Sensitivity in terms of air quality

O In the center of the city, pollutants concentration appears higher, in average, in the compact scenario ” ) )
O Simplied modeling of the city — Change modal split sensibility

NEDUM MODUS

(—)

Ongoing
Downscaling
0 Modelling at a smaller scale l
GAIA
v
. . — MOIRAI HESTIA

Individual exposure '
2 HERMES v.Y

L Time geography exposure (Work in progess...) .g R CHIMERE
K| o
E v
L

Interaction on the LUTI

O In progress

Deposition

A 4




