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—from office building to residential
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Progress of PM2.5 prevention-control standards in China

(FFIEESPMI0FIPM2 5K EEEE) , 2011
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Compared to developed country,
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Indoor and outdoor particle characteristics and correlation

T A 5 B T LG8 KR AT T BRI/ O B2 K H 4%

- the particle I/O ratio change curve of a Shanghai residential room under the condition of unilateral ventilation
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1.8
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1.6
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1.2- —0—PM,,
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IRIEK MG R 22 5 TR 2B P25

RFRE light .
X =
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day in winter
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=W =4 | =N
i 1/0 | outdoo | indo
or r or
P2 1351 1109 2816 1914 OO0
1 6
PUL 1618 1299 0'30 2754 2297 0';33

VLSRR, =RAMNSRAIRE BA B RoSE
HPM2.55PM10KI1/O A {b 30 B B I — 3.
AR RN A RN TS, EAHAZEN.

The above data shows that the indoor and
outdoor particle concentration has significant
correlation, and the change law of 1/0 of PM2.5
and PM10 has good consistency. Outdoor fine
particles have higher penetrating than coarse
particle penetrating, and are more likely to enter
the room. 8



Indoor and outdoor particle characteristics and correlation

AR - AL A EHPM2. SE A IR
Field test summary ﬁﬂf?ﬁregularlty. Site ID City Filtration Rate
® SEREAMPM2 STURML FRREEA w— 0
The PM2.5 research status of self-owned 1| RETT A i
building is superior to the lease 2 JRAR T P4 I R 19%
O HEIEAERNERPM2. STUAZ =INAEE 3 ity 16%
=AI| 4 Ry 10%
Construction of the same type of indoor 5 AL 41%
PM2.5 status by the outdoor environmental 6 M 33%
impact 7 Eif 49%
N: Jextfn B¥h H AR
SEWWEE= (FHPM2.53RJE-EHPM2.5%

FREdiversity: BRI, S
R AMEAPM2 SEHE SRR , W=Hh AR 2R AR
NG, EREFEESEE. BRFN. ST e Filtaton Rate
RO, FINAFTRNEE. ARITHS. e
The indoor PM2.5 control of the building is 2 Tianjin 40%
influenced by many factors, such as : L =
outdoor environment, building envelop air 5 Huludao —
tightness, the years of the building,the 5 Dalian 38%
types of air conditioning system, filtration ! \TZEL':E =
efficiency of the primary air system, g Shanghai 38%
personnel behavior and so on. 10 Shanghai 5%

" Shanghai 32%
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Building reconstruction technology for haze defense

7 ¥ # methodology

EADAREFFIMERIPM2.51%FlIndoor PM2.5 control of office and production environment

Ventilation
purification

ASEEEES s

JesE A

hlstorlcal_data field test . al'
analysis imagin

ole

—oe—-Method

Source control

on

=l
door and
window

Av/0!

Personnel
questionn

FBEIThEE
Room
function

Cycle purification

= AR
ifsource

smoking.
window

ﬁﬁ-'z% HRaj
e conditionin
fresh air .

existing
purification

REHNRGELHR
Improve the effect of air
purification system

R S

purification control

room end-use

IR T = FPM2.5HE I

Indoor PM2.5 control suggestions of commercial buildings and factories
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ABITHEI
Personnel action
proposals
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Air tightness
SEM: AMIFEEREXHARSH, HIEZREBERE.

Air tightness: the capacity to prevent air infiltration with outside
doors and Windows normally closed.

SE D F IR

(EZEN10Pa) SEMELBRE, VHITESE R,
W FRAR:

Air tightness classification indexes:
(differential pressure for 10 pa) the higher the index of doors and Windows
is, the better the air tightness is, as shown in the list below:

7%
classificati 1 2 3 4 5 6 7
on

BAATAEK )
FfatrE
gy/[m3(m-h)
]

4.0=q;>3.5(3.5=q;>3.0|3.0=q,>2.5|2.5=¢,>2.0|2.0=q;>1.5[1.5=q;>1.0{1.0=q;>0.5

g:=0.5

L XA EAY

FARIE
q/[m3(m-h)
]

12=(q,>10.5

10.5= q2>9.
0

9.0= q2>7.5

75§q2>60

6.0= q2>4-5

45§q2>30

3.0=q,>15

g:=15

4.5

3.5 1

2.5

15 4

BER#SKE, K/h

0.5 +

8 7 6 ) 4 3 2 1

BY k. vl

50Pafk /) FHERE

the theoretical value under
50 pa pressure



Air tightness test——blower door test

&SN Blower door test
(DZREXL: EEZRSRIARFERNZERNIESLE

a calibrated, variable-speed fan, capable of inducing a
range of airflows sufficient to pressurize and
depressurize a variety of building sizes

Q)EANMERE: MNEHRERIEREIE

a pressure measurement instrument, called a manometer,
to simultaneously measure the pressure differential
induced across the face of the fan and across the building

envelope, as a result of fan airflow

R)VRERSGE: BN ZEEITERE - L

a mounting system, used to mount the fan in a building
opening, such as a door or a window.

14



Air tightness test——blower door test

Fan
Control
Cable

To inside of building
(leave open if gauge is
in the building)

To outside (green
tubing)

L Communication Jack
(Blower Door Speed
Controller)

To BD fan
(red tubing)

To space upstream of fan inlet.
(If fan inlet and gauge are in the
same space, leave open)

15



Air tightness test——blower door test

Test Graph Screen (Auto Method)

Current Zone Pressures (only if Zones active) #*

Test Graph (Auto Method)

Selected Fan Model,

Zone Pressures (Pa

Aftie 0.0

DGT00- 29919 Ch &

Test Mode and
Flow Ring

Garage
DGT00- 73318 Ch B

0.1 |
— Manual Fan
Speed Control

|Dcprcssu rization j
| Blower Door 3 (110V)

IOpcn I

/ Real-Time ACHS0

4000 — T T T T 1 Fan Speed
| ) Depressurize j Esti_mmor{on]y _for_

i 1 T ACH50 Cruise and Monitoring)

3000 -——-——--——-———1--—-Blower Door Data M Lon Current Fan Flow
i i i i Flow (Cfm) Lo And Fan Pressure
! : Do Fan Pressure (Pa) | -0.0
| ! - AL = S G Current Building

Building | | - Bldg Pressure (Pa) O.f/ Pressure *
Leakage 2000 : : _:r : - DE700 SUDJEII’.‘h!\.
(cfm) | i Do Bldg Baseline (Pa) | ¥ Baseline Building
] 1 ] ] el - =
i i i i Completed Tests = 1 ‘\ Pressure
| i ] # Samples Completed Test
i i i i . Indicator
: , Lo Edit Env. Data Start Test
: ! Lo - Sample Counter
1 | |
[ Pause Cruise
1000 . i
|
800 | : : : - )
4 5 6 T 8 910 20 30 40 50 60 70 Sample Clear
Building Pressure (Pa) S
Status | Idle - Monitoring g

to Test Settings  to Test Results

/

Flow Through the
Blower Door Fan
(Building Leakage)

Pressure Difference Between Inside
And Outside (Building Pressure) *

DAB Status Box



Air tightness test——CO, concentration attenuation

256 R ¥ Principles

T oRE A E ST E TR
According to the equation of mass conservation of the trace
gas — carbon dioxide
dac
Vo =F- u(€— Cour)

IR AR P SR 2 AE AR 70 2 ()RR T — 1€ S P 7 i UA,
RGN LI REP AR, WF©=0, W LN
Tracer gas concentration attenuation is a method in which
tracer gas is released in the studied zone, and it will not be
released later during the experiment, so the equation above
turns into

dC u
=T (Cout - C)
dat VvV
17
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Case study——Microsoft
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e=¢==|ndoorPM2.5_Concentration(ug/m3)
e=li=OutdoorPM2.5_Concentration(ug/m3)

150
100
50
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4/27/2016 4/27/2016 4/28/2016 4/28/2016 4/28/2016
13:00 19:00 1:00 7:00 13:00

e=$==|ndoorPM2.5_Concentration(ug/m3)
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Filter

= B JE 2% the main filter commonly used
> I UEMZE: F5. F6. F7. F8. F9. H10. H11

Filtration efficiency: F5. F6. F7. F8. F9. H10. H11

o dEAER: R B FRER

Filter types: plate, bag, gathers type
> A uEREL: ARER. B BEMRE (EEREIELD

Filtering material: chemical fiber, glass fiber, composite materials (activated carbon and filter paper)

* iﬁﬂ%ﬁ:Selection of conditions ¢
o IBHIPM2 5HER: B R (Fs~rs)s FBRARE (Fo~H11)
Control requirements of PM2.5: improving type (F5 ~ F8), the standard type (F9 ~ H11)

® RN APl BEATER. SREME. bR A%

Installation space, life expectancy, resistance requirements, filtration efficiency, let dust quantity, cost, etc

29



Filter

m20144E12H m2015462H 2015423 H

&)90% 7 81%80%82%
80% -
- 70% - 64%63% 61%
- 60% - s3%  SeWTE
50% -
40% -
30% -
20% -
10% -
0% -

68% 68%

34%33%

2 N 4

N «‘*" %‘%
) £ £
X e e e e

kO LO kc’ LO ko
Q Q O (& (@)

HRAE — R SRR T Bt M. G R A PN 5E R R

According to a set of filtration efficiency measured data: the PM2.5 removing
effect of the combination of coarse, medium efficiency filter is limited 30
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BIW T2 Gym PM2.5iREEHSEHUE =
Zoom 1d 1m 3m 6m YD 1y Al From | Dec1,2015 | To | Dec 30, 2015 |
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o EF PM2 SKEE: 294.45
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\ GESR A CIPAVA e i s R RE N A E
80007t/ 5 X18B/EX15/Z=21671

& EHEHE+ T EERFR+ [0S
BERA 207
EHERILIEER : 0.377/K

& REKLINE  THRRZETHEBEAESE , BRRTEE ;
MmEaERAEDES  E[ERMSEZMLERE , AEFREARREE,



ARG R
ZEGE N SN T AR X RN N X B — P RAE
E, GHmARZI110m2,

Building information:

The building covers an
area of 110 m?, located in Tian
Yuegiao Road, Xuhui district,
a residential building.

35



Air tightness test——blower door test

E N AP ZE50Pa

building pressure at 50Pa

EEBE 5 g ipim R ERBER S omsimi

& (CFM)

R = = o Vi
BEZEE " Building f(%.FM) f(.lrg./h) ({/A\./h) F1(4Pa) (m2)
Room type leakage uriding uriding r Effective

when leakage when leakage when exchange leakage area
pressurized depressurized pressurized rate

{Iﬂusir!g rfmﬁ 1441 1112 2449.7 9.5 0.06

W R2: R 465 468 790.5 12.3 0.02

Main bedroom

WA3: Bl 43 485 804.1 0.03
Study room

; . W
Wa: KEP 546 363 588.2 116 0.02
Guest room




Air tightness test——CO, concentration attenuation

% W CO2KE (ppm)

~—

14:24

14:38  14:52  15:07  15:21

Natural state >0Pa
BRI BRIREL
BEkm  (Km) o ()
Air Air
R
oom type exchange exchange
rate rate
&7 - 9.5
Sitting room
.EEﬁI\ 0.67 12.3
Main bedroom
F5 P - 30.4
Study room
#Di 0.51 11.6

Guest room
37



The door and window tightness retrofitting of the residential building

& BT Before retrofitting BiE 5 After retrofitting

XU = BB+ BB

Double glazing + gasket sealing

38



The door and window tightness retrofitting of the office

BUE T Before retrofitting B35 After retrofitting

FHFHE+HENX
%

Gasket
sealing +
Windshield
bar

39
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WEITiE

R ¥ |ZRER | %Ry |8%WR | KORY | & ® | EAXE
2 s (mm) (M) (mm) (m3) | (mm) (Kg) (m?/h)

o
ggl\%ﬁﬁi\% XJL-16T-F 270x420x240 16 | 326x576x29%6 | 0.06 2145 584 150-250

XJL-20T-F 320x450x280 20 | 376x606x336 | 0082 2145 129 250-350

XJL-2.6T-F 350x540x280 26 | 406x696x336 | 0102 2200 854 350-500

XJL-40T-F 440x580x370 43 | 49%x736x426 | 0165 2200 1164 | 500-800
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F7 filter + adjustable speed fan _ SHAE
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me BB /R T ] X RUE TR BE BH7K
(V/Hz) | (RPM)| (m¥h)| (Pa) | (W) | (dB) | (IP)

2300 | 202 | 157 | 28 | 30
100H | 29040V | 1900 | 167 | 132 | 25 | 25 | 1pas
1600 | 127 | 109 | 22 | 22

2280 | 530 | 300 | 54 | 35

1504 | 2200290V 1 2050 | 460 | 265 | 42 | 31 | 1Pae
1600 | 400 | 230 | 34 | 28

2250 | 830 | 350 | 125 | 40

200H | 290240V | 4950 | 600 | 274 | 115 | 36 | P4
1550 | 440 | 242 | 95 | 33
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=&—Outdoors PM2.5 =i—Indoors PM2.5 —A—Mech%%yfb%on with pressure control prediciton model
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201348 H RiRADEMLFEHE

High temperature and light chemical smoke in August 2013 in Shanghai
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K. On August 7, 2013, Shanghai created a new record that the temperature
researched more than 40 degrees. Serious photochemical smog happened at
the same time, the O3 peak reached 360 micrograms per cubic meter, which is
serious air pollution, but the PM2.5 peak is only just over 100 micrograms per
cubic meter.
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