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Expansion of the existing rail public transport network of Paris du Efﬂﬂé 1

. . Pari .
4 newlinesand 2expandedines: aris

U + 70 km of high speethetro
U + 30 km ofmetro
0 +150 km of light ralil

72 stations, 57 new

} Underground

i ANEW TRANSPORT
ENETWORK FOR
| "GRAND PARIS”
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"] Motivations of SGP for IAQ studies

7 Construction andoperationbasedon sustainablalevelopmenprinciples

I French national plan on IAQ (2013)Agtion Sundertakeactions as avayto

I improve lAQ in subwaysystems»

=

C Setup ofmandatorymonitoring of IAQ insubways

n ObjeCtiVES Coutdoor < Cestation < Cplatform < Ccarriage(exceptTaipei)
. . . L 500 - m Underground train
|dentifyair qualitymain issues;sq | m Underground platform
| Station
and keyparameterdor IAQ 400 - = Outdoor

350 -
Literaturereview:. | 300 -
mAIR 250 -

U Pollutantconcentrations 200 1

] t 150 -
in metro areas 100 |

G

Target contaminants:
PM, PM ¢ NO,,benzene  +,

U Technicabata : ventilation (stations/tunneatsiriage} tyre/steelwheels
brakingsystemplatformequipmentge.gwindow screeny , &

PM,, (g/m?)

Definedesign guidelines for acceptableaualityin the underground indoor
spacedrom airflow and airqualitysimulations
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Modelling strategy

AIRFLOW Pressureon platform  AIRFLOW

System 1: window screens SyStem 2.
TUNNEL TUNNEL / STATION

Airflows | |n tunnels and Airflow rates betweenthe
ventilationsinks compartmentsof the station

Pollutantconcentrations
System 3 at platfomscreendoors System 4
TUNNEL STATION

PoIIutantconcentratlons
In tunnels IAQ

| > System 5:
C CARRIAGES
out
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« Fresh» air
¥

Exhaustir

C AHU &
out (@
. Recycledair
Supplyair Return air
Deposition

«—— Internal

emissions

(MH =1.65 m,W = 65 kgwinter clothes

1.6 16 to 3 1 part/hfperson density=1000kg/n#

(3 0.42md3/h/person

"] Single zone model accounting for:

I Ventilation (ncludindfilters)
1 Depositiononto surfaces
I Influence opassengerfié 4R

V Volumereduction N
V Particleemission
V Particledepositionon body

V Particleresuspensiomue
to movementgbody,floor)

V Particlesinkby inhaledair

"] 2 simulation tools :
0 Designtool (steadystate)
0 Exposureassesmenfdynamig

MP 05 train carriage :
V = 73 n?, Maxload 162persons
Vioay = 11 M@
Sody = 340 n¥ )
PM210emissiorrate = 100 mg/H2

i
i
i
U Inhaledair flow rate = 68 ni/h ®



n I Filter efficiencies for representative subway aerosol

Ventilationfilters are classifiednto 16 classes and 9 classes by international stand

/ components /
4 VA
\A’ ASHRAE - Dust Spot Efficiency
“\25% 30% 35& o 45% 50% 55% 60% 65% T0% 75% 80% 85% 90% 9
ASHRAE 52.2 1999 Particle Size Efficiency
e — — |ed|en|= w w [ ) ) = = o e E ﬂ =
= |25 = = = = = = = = = = = =
B BB (5 \EE 0 (2| |B| |E e |E(2 %8
= === (= = = = = = = = = = | = =
\ EN 779 2009
2 3 G4 M5 MG F7 F& | F9
65N, 80% 90% A-EINU% w%
Average Arrestance Average Efficiency on .4 ym particulate per EN 779
per EN 779 (correlates closely with 52.1 Dust Spot)
and ASHRAE 52.2

Filter clasgs determinedbasedon the meanefficiencywhichis measuredn standard
test conditionsusinga specificaerosolC Not representativeof the actualefficiency




100

N 7 // : Computation of the initiagfficiency
NN v it _umac Offiltersas afunctionparticlesize
\ \ / / /E/q @ E —MERV 5 (G3)
o —MERV 6 (G3) . .
70  MERV7 () Mpdlflgqagrtlgle
60 —MERV 8 (G4) size distribution
—MERYV 9 (M5)
50 —MERYV 10 (M5)
—MERYV 11 (M6 . .
40 MERV 12 EMG; A Y ~ FreShaJr fllter
—MERV 13 (F7)
30 1 —MERYV 14 (F8) w
h MERV 15 (F9) %
20 MERV 16 (F9) s
10 o Exp
0 T 1 '
0.010 0.100 1.000 10.000 SUppl),Or return
Filteringfficiencgs afunctiorof particlesize air filter
100% . . 93% 94%
Fresh air filter PM10 o1 9% )
90% 86% S L 88%
m G2 (MERV 4 82% % . o .
80% ( ) 4% | Particlesize distribution oftypical
70% G4 (MERV 8) . = » subwayeroso{Midandeet al, 2014)
60% 58% %
0 50 56% 10000 / m
50% 45% 46% g 1000 ‘i\
0 37% 2% g 100
40% o o § 10 X
30% »3% 27% 2: 1 \/_‘-\
0 % g 0.1
20% 12% o ® o1 / / /%\
10% - 0.001 T T / \ -\‘-
0 % 1 10 ;;)(()nm) 1000 10000 100000
g 8 8 ¥ f &5 &5 5 5 1 & & 3
2 2 2 2 2 2 2 2 2 T Z Z Z
< < < < < < < < < < < < <
& ¢ e ¥ 2 e B 2 5 & B & 5
Supply return airfilter



a I"1 Deposition velocities on surfaces

Depositionelocityf particles
as afunctiorof size ¢omputed
fromLai and\Nazaroffmodel)

Depositionelocityf PM10 (m/h)

as afunctiorof freshair filter

10

1

0.1
0.01
0.001

G2 (MERV 4
G3 (MERV 5
G3 (MERV 6
G4 (MERV 7
G4 (MERV 8
M5 (MERV 9)

M5 (MERV 10

M6 (MERV 11

0.1

0.01

0.001

0.0001

Deposition velocity (cm/s)

0.00001

0.000001

—Ceiling —Walls —Floor /

Friction velocity= 3 cm/s /

N /
AN /

A\

\

e

0.001

0.010 0.100 1.000 10.000
Particle diameter (um)

m Ceiling m Walls m Floor

m

M6 (MERV 12
F7 (MERV 13

F8 (MERV 14

F9 (MERV 15
F9 (MERV 16



Cooling
coil

Supplyair
filter

Freshair
filter

I Train MPO5, 1 st configuration

¥

Simulation conditions:

*

Cooled air mechanicaventilation:
no recycledair, 11.5 kWcoolingcoill

U 162 passengerfull load
U Tunnel concentrations:

1815 ni/h 1815 nd/h 200 my/n¥ PMyo, 75 ng/n? PV, 5
220 A
200 PM Outdoor Fresh air filter ¢ J) \
S a0 10 ~MERYV 4 (G2) sy
E —~-MERV 5 (G3) World Health
@ 160 Organization
S 140 MERV 6 (G3)
g 120 MERYV 7 (G4) WHO
CICJ 100 ——MERV 8 (G4) guidelines
&) (2005)
S 80
o
s 60 Technical Supplyair — 4
3 - e L. mmm s s e ppbalr 1 S - 4 24-hour mear
T 40 specifications
= 20 kL Paris . .92 . 4 Annualmean
0 _
s;\\’@} v\@) \&\ b\&\ /\@v\ \Q’b‘\ \@%\ \@%\ \@b\ \® o,é\\ bf(‘b\ %(?)\ b{?)\
S SR N AR, G R e

Supply alir filter



Indoor concentrationrfg/ms3)

Cooled air mechanicaventilation:
no recycledair, 11.5 kWcoolingcoll

100
90
80
70
60
50
40
30
20
10

U 162passengerfull load
U Tunnel concentrations:

200 my/m® PM,,, 75 mg/n® PM, .

PI\/I Fresh air filter
2.5 ~-MERYV 4 (G2)

Outdoor ————— MERV 'S (G3)

MERV 6 (G3)

— T MERV 7 (G4)
—-—MERYV 8 (G4)

g\\"é b‘\(;D ¢)\(g)\ Q)\&\ ,\\b‘\ %\(,V\ q\6)\ Q\Q)\ ,\,\@b\ ,1,\@%\ %Q/\\ bf(‘b\ %(g\ ‘o@\
Ve & &0 & &

Supply air filter

U Small influence of thigeshair filter on PM, ; concentrations
U Significangefficiencyof filters from MERV 11 (M6)
U MERV 14 (F8heededto meetthe WHO guideline for 24hour mean

74

——

World Health
Organization

LLL<<§.\
W

WHO
guidelines
(2005)

4 24-hour mean

4 Annualmean



' Freshair

filter \
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A

Indoor concentrationrfg/m3)

220
200
180
160
140
120
100
80
60
40
20

2100 n¥/h

Train MP05, 2 "d configuration

Return
% AHU air filter Air conditioning(recycledair)
. . Simulation conditions:
Recycledair )
U 162passengers
‘ At U Tunnel concentrations:
- 200
mg/m? PM,,, 75 ng/m? PM, ¢
7400 n¥/h 5300 n¥/h
ir fi 2 AR
PM Outdoor Fresh air filter &i ‘%e:i‘ﬁ’
10 NS 27
—~—MERV 4 (G2) World Health
Technical —— MERV 5 (G3) Organization
specifications MERV 6 (G3)
MERYV 7 (G4) V_VHQ
guidelines
—-—MERYV 8 (G4) (2005)
---------------- === ==| 424-hour mean
e e 4 Annualmean
& R S . & . & \ & . & \&\ \@%\ \@‘o\ \@ %@\ v{g,\ %@\ b@\
N P SO SN A S ARG G RN SRG GRS
& ¢ ¢ ¢ && @Qg &g & ¢ ¢

Return air filter



[] Operating conditions as the optimum  between IAQ and energy

: : PM, ; concentrationd Freshair filter = MERV 6 (G3
™ Normalized 1AQ index Vs (G3)

Cnorm = Cmax - C
Cmax - Cmin

0< C <10

norm

7 Normalized energy index

Fan power (W):

qv ( ducts Iallter)

E =
hfan Fanenergyd Freshair filter = MERV 6 (G3)
|n|t IE?nal
DPfiIter 5 (Pa)
— E - Emin

Enorm
Emax - Emin

O (*) < Enorm <

) bestperformance



