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A measurement system to characterize air pollutant emissions from residential
solid fuel combustion
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Abstract: A chamber dilution measurement system was designed to characterize air pollutant emissions from residential solid fuel combustion. Compared
with commonly used hood and stack sampling methods, this system can reduce the interference from ambient air and prevent the leaking of pollutants from
tested stoves. We report the design, evaluation, and application of this system. It was found that background particulate matter concentration was reduced
significantly to ~1 pg+m™ by using high efficient filters in the measurement system, which was much lower than particulate matter emitted from typical
residential combustion ( ~100 pwg-m™). Emission factors of PM, 5, SO, and NO, measured with this new system were higher than those measured with
open chamber which simulates hood and stack sampling methods. It was confirmed that the chamber dilution measurement system can significantly reduce
leaking of pollutants in traditional methods. Using the new system, 12 typical residential coal samples and 3 biomass fuels were tested in a residential stove
recommended by Beijing government. When burning coals, measured emission factors of PM, 5, SO, and NO, ranged from 0.23~3.40 mg-g™', 0.48 ~
6.15 mg-g™", and 0.16~1.09 mg-g™", respectively. When burning biomass, measured emission factors of PM, 5, SO, and NO, anged from 6.26 ~39.76
mg g, 0.04~0.23 mg-g™!, and 0.05~0.76 mg-g™", respectively.
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1 5|5 (Introduction)

SRR A Wy A TR Bz A Sy AR T
KBRS R W2 {5 3l (Duan et al.,2014; A2 AR
RN E R GE TR, 2009 ) A FIBBLRR IX e R 2
K BRI B b i 26 [ A0k B AT b BT i
B RGN SE A i 2 15 Qe P R G, R B I 7 AR R
HOWURLY) AT e W, i — AL A AR L)
(Zhang, 2003 ; Zhang et al. ,2000).355015 4 W) H %
TR B HE A B N 2 R, R R R, BIGE S A
P FLEXER GEHEA KA, R RS 3, e ANAE
e B (P [E4% ,2012; Oanh ef al. , 1999 ; Launhardt and
Thoma 2000 ; Boman et al. ,2006).

SR IR PP A AR R HE R TS Qe
Fo43 7% JE R T AR A BLRE 5, N BB AR AR
B R AR B R 05 B Wy I ik R 52, o)
FERRBERILTR |19 BEIRLHE X 58 175 G 1y R 5Lk A
HRELAT FE B S Py AT B AR R be HE
15 YL IE 9T 22 5% TR B0 AU SR AR 1 (AN 1
Frzn ) R EEAR R T s b B R A 7
BOE AR TR XHUE T, A6 A2 1Y <
SRR A — A A A B R R4S B, AT ik 3
B S A KA TR ST BRI ( Zhang et al. |
2000; X1 Y 45, 20075 ¥k ¥ 5, 2012; Zhang et al. ,
2008; Chen et al., 2004; Jetter et al., 2012; Shen
et al. ,2012) SRAFE AR B, KA 5 R TT
]S4 T, SR 490 308 3 SR A A8 T A DN S i 30 0 AR
SRAFEETCHN NS T8 KL, SR A i A7 T 40 ) BE | %
AT YRR A TTE LR e D 5 B 2R 4R (GE
et al., 2004; Zhang et al., 2000; Ravichandran and
Corscadden , 2014 ; Johansson et al. ,2004 ; Shen et al. ,
2010;FL72>K5E, 2014 Ik [E 4, 2012; Wang et al.

RSB
SRR ML R RSB R
AT ER A TR AL ES
— S
(3 A

1 ATFRABEMEBEHRRSEMEERNERN (a) WEE
(b) MEEREEREE

Fig.1 Schematic diagrams of (a) method and (b) stack sampling
method for measuring pollutant emissions from residential

solid fuel combustion

2009) SRt AR v Yy HETBOH BE TR o, T 2
FEREA DI I8 £ 15 BRIV B (P AR
4 20045 ZEMARSE 2008 Li et al.,2007).

xR [ R AR HER e 1 SR <5 G 4 HE kel
12 A 0 b v A0 bR . 55 [ PR B A8
(US EPA) #nifE 771 Method 5G I Method 5H 43 %]
A P 0 B8 7 RO T SR A R AR (EPA
2000a; EPA ,2000b ) . 52 i 2 o BV Xof [7] — b %
SR FHAS TRV Jr 32 000 A5 A 500, HG AT et A 2
DR R I ELA: B 14 PPk 5 R AN 0 B2 vk R AR
TR AEAE — SE PR 55— RO B % 1
I H A PR R SA AR A1 H o EL At S 47
it 2 & 3 858 P ( Zhang et al. 2000, Jetter et al. ,
2012) , f&40 a5 P d 22 0 b ELik 8 B0 42 00 A
SR FH AR B8 5 AR SR A 32 TGV SR B W 3 B 4375
ey, N5 et 45 S 0 R M 5 28—, Jaik HERR
WS R T4, BAR— e R G g
JE B2 < (Chen et al.,2015) {H#E Ap HLpy a8 —
A 2l 10 U8, 25 AR R IR B 1 i B 3 RS
S5 NG ShAR AR, RS . 55 A B T
RRHER DS IR P R S0 RN 4 A A 3850, HL
ARAR R, M SRA: 3 I e 75 8 [ ) o7 8 0t A
ST AT LA Ay o i 1) 3R A HE IR . B e A
T HE T ORAE SR B TR HE R B S b S A
DT A 50 ik R R S, o 4y i v 0 4
24 Fri AL ( Butcher and Ellenbecker,1982) .

Sk e B 440K bR e 5 e iy HE JC i 3k
B R [, 07 A B ok R AR R R 1 ) S Al I
WCHESRAE DR 7 5. T B AR R RIS e A &
Az, R ek D BB A A R 1 T, A
W 2% RS R A% HE SO S s A L, B4 SR A
R AR AHIE I T S T — 45 R
J T AR R B b LR AT e g HE sl 3 1) 46
BRI R 40, 6 H kAT 1 Pk RRVEAR , I 0
FIZR G 12 4R BRI 3 24049 R etk AT T
TS Y HERL K T IR . % R SR RS R R,
G IR AFAR DL FRAR IR ST 2 ST, B A 14
DAMCEE I 75 e 90, IR R PR SR A B B,
R4S BRI S 05 Y ) o0 AR AR, Bl i 45
SR HER .

2 R%i&It (System design)

K2 25 TR RGERY 24 A SR A
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TR RS B RN ER 43 S 8 AL BEER 43 1S
R AL AL (AL KL, 5 4-72 3.2A
4-1.1KW) Fllidt 98 %< &, E 000 i JE 4 i 9% G4
HAT R I Uk A A H14 9 i 3L ad g ¥ ( HEPA)
(Tronville and Rivers,2005) , i Z 4 5 # £F 4E 3881
A RL Bk S B JURE ), LA T i KT AL
Tt , PRUE S R v A L A T AR 4 e
RAG, AR IR BT 2 S P ok i 4. s R gl iE e
PEAFFEAR(2 m x 2 m x 2.5 m) , FEAHHCE R
L EL A ST R ) A R Y T8 HE S
2SN G A E O RHLI VR F R A b L A
238 ik et I A OB R EL AR PR A i ek .
HEAC A0 T AT D S8 56 W P AT A R
Ak I B AR AN TAT 2 i v e A A AL B
B T E2 R e s R RS R IR 07 5 70 RS B
(A% 219 mm) A3, 76 0 R0 VR T (48
PRI 2SI 3 8, A0 e AR SRR A2 PN
IR A3 R — (A AR R B, A48 I 1) =ik

AR IR RSO SRAEAE A AT R BE, 50
T EAT AR R B E AR 1/3 A, 5T 0]
AT ) PTG A B [ — B Ak i [
JAIBAT A RAEAE LA B 2200 8 (W] I SR AL 5
SRAEAE A A B2 I A P BORE ) ST Y
TEL A oy o SR S . I AR 4 A8 T MIAS
PRI AN RINE, 05 RS ke 1
SRAEE ZIA12R ] Teflon 48 3% 4%, FURL 4 I 120 (X A 2
FEF 5 RS Z R R AN ANl PR i 42, DA
WD G R A BE L AR R e B AR TE TP Y
RS WK 8 e S Fi b UL 2 E AU
A XL E D)5 ) 1 H 1 XUBIL I i
PRI S A 8 A T R HE A 1 R 1y L T et g T
FRBILIRE &, RLIECAR A A 45 TIE T R BR 2 R
B SN BEARGR T ISR EE R gk as (BE
RHILAIAR MR 22 [ FH 5 SR A , 25 4R o ek
3l F11 365 4 1) % B LA PR IE L U .

MRREE
F MBI E 8 BRAE
H ﬂ it
FHR
oy & g
s _| B S0,/NO,/O,/CO
ﬂ TR SRS BT
-=>:<m>:g: R PSD/MOUDI 4 |
5 -é%— =
us AL R s
R T
2 HABEREMNXRS R EE

Fig.2 Schematic diagram of the chamber dilution measurement system

AR B R A B RN RO B 2 4 U0
EVIRRES AL VeI QI 4 2 W UAREEY N s BTN BU A
SRS AR i N AR IR H B9
AR R e Ak O =X, Bl SR 98 0 SR R
KM TP R P B AR MR i K ABLA T D K
KA PP I iR 22 | R H H B 22 5
BT I A B Hh s EOK R S
TR TR, Wk K AE PR 0 55 A1 5 A B e iy
g, SR EIE R AR, B LA A A 3l R g I 3
g ELI, AT oR FH K k. S0 B SR UK T 4

DRI () AR B 2 5 2 B8, U 1R A7 70 4 0 I 8 5
ORHE RIS FH B FE45 4 7 1 I s R A BB PN S B Tt
T RRMR R JE AR A K, UL Ik o 52 55 b o5
VEPRIC 25 FHLAh 5 Y PR AL | IRt e R T PR IE
FH Hb AT

AR ZR g8 AT H T I ASORL ) RS TS G )
AR 5 AR R S AR B, AT RS )
HEl S, 255 R T it W] 75 507 JoT f ORI HE ik
PRI = (1) Sy FREA o vk I 3 s 4 ik A1+, D
EF,,(mg-g™") BITHEA,



3396 2N 5 Bl 2% 2 Eid 36 &
e M0/ o SR LT ORE B e R G, S 2 5 3 Ok
M myy J5 | AERR TR 3 v 75 (10 4% 0420 U 200 50 B 1) K
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[FIRE ST e Wyt ] R FH 28 4 WA 4 al 7 26
W, AT A HHE R R . an X (2) SRy (i A 26 W
PR3 BT AL, 388 s %o 7 28 e B R A 7 e () AR 4
EAEE Y HE A T (EF) (mg-g™")
of ca
EF=—2"" (2)

e
X, Q 16 R BN UL (m™ ™) 5T R
KABE ST () 5 €, S RN TR] ¢ (975 Sy i e S
(mgem™) sy MERBERIRR BT () ARSI IRAL
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Fig.3 Photograph of the chamber dilution measurement system

3 ZRGM4HEEES (Evaluation)

Sy PSR 2R BRI R e, B ik AR XS T
B LTI R T R AR R UL, AW AT T
A 20 9 iE S 5
3.1 BRIEEAFHAY TH

B UEI 32 2R 58 00 HE R o3 2 15 BB A A8
W S PR, L3 T 220 i 8 AR 22 5L DB
T 0 T 25 Atk A I 28 456 I 1) S0k 0 B30 . 7
BRBIR SRR B, E SR 2 U8, B AR R
DU F A br AR TS (PSD ) 45 ik i A s JB 4 BBt
H )R AR R B0 B ( Liu et al. ,2014) . F5-00 -
PR AR R IS Y o kLA UKL B0k ] 4

R TR Rt T DL U8 AR g RE A RO D R
(R AR B . 28 3t e D i 1) R O ) o v
BE/INF 1 wg-m™ T R R BRI 1o i v HE S 1 5
B R FE 2R 100 Mg-m*3 51175 7ivly N BB U 19 =1 ]
HESHLOR ) o i vk R IRt FEAR R R ge
PR T U85 e AR, SR ARG R B B s
23R, SIS B ORL ) X D X435 2R 1 5 e
A LI

6X10*
5%104
4X10%

3X10*

dN/dlogDy/( A~ -em™)

2x10*
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1 1 1 1
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4 ZEMRETTRF[EHEERFERNYBRESH
Fig.4 Filter effect on the background particulate number

concentration in the sampling chamber
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B, 2 AR AR TF I 09 11t U o 0 R 4, KA
S5 YL Py HE IR - 25 58 0002 DRI 5 552 36 2 D0 7 I
B A W B R 48 n 1% D0 R AT I, R
UE R  I0R REAE B b i e % S B
FRARRL Ry — Tl e 1y HE TC e 5 205 v ) RS, 1K1 A 0
IS e HE B F 8, AT DL 2SR TR S AN RS
Yt AN B0 1 25 S B0 s ok O R
KRS ARG 1 K T = (Can it 37 48 050k
AIRE 5 Y R 25, B PM,, e LB B 28 (16,7
L-min~", URG-2000-30 EH) F1 B &4 47 mm &)1
BEEICEE PM,, S, B FR =1 6 0 o HE IR 1 4o R 7 2
SARA AL Thermo Scientific™ model 421 F1 431 43
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B NO, 1 SO, 1Sy BE | TR A 7 HE ik
W3k W (1) Fis(2) .

SCHGAE R LI 5, 256 2 A AR UM R s I A
ALY | AL B R R AL RN T T
X B, IXUER] AR 3k A e e a1 ke v it T
25 WG G, AR08 NG Gt s i i TR 22
Pz rh s Al WL 21 365 1R 21 75 G By 1 itk U TR 0k
AR SR AR T2 R 520 o ¥ e W HR I TR 3 A I 5 2
A —E BIAEAL TRT RS A B 12 K J] i 35 rp Al 0 3
HARGE = HE BB 23 OB 4ih A T, AT SR
FR X 2 G B i e DMt 2R B R

5~

1

V7] xtie
T C s

PM, 5+ NO; + SO, HERLH T /(mg-g™)

Zii8

PM, 5 NO, S0,

B 5 iEitmE SR 4 R a3
Fig.5 Effect of collecting stove leakage on measured pollutant

emission factors

4 MKXREGZERA (Application)

H AT, Z 00K & 48 2 H F b 5w IR
SRR AR 2 I [ A R TR AR 1 5 G .
B FH A 0 55 AR R | TG AR S R 2 AR A o [
BUEIBRAMIL T8 B R FEFE AR AT | 4 AR A58 1 A
TOREIR BCHCR SRR A B B 3 i 472 1Y
FrECHURE b B (7 NSI8C) , HiAi E th &N 18
kW, I AL 160 m? S5 H, a7 X352k
FRARZ I, LA 5 | A A ok 458 77 A 1 ¥ G
Yy BEUBRBE B R R M 10 ke, AW TIAKL 3 ke
PP FNBEIR AR 2 5~ 7 cm ; A [RIRRHIR BRI 8] 2575
3~8 h BN, 15 Y PR AR M A KR TT IR 2 R AR
RGP R R, B KGR 5 4N R 4y
Pz e, itk e BEALRE SN 3 Uk, BOFHA(A.

WL R B PM, S SO, Al NO, HECH 45 3

e 1 fras, PM, . SO, Al NO, HEjZ K 4 5
0.23~3.40 mg-g ™' .0.48~6.15 mg-g ' F1 0.16 ~ 1.09
mge g TOHRARE 2 R R AR () SF- X PM,, 5 HE ik
T390 0.51.,0.91 F12.40 mg-g™", F-1 SO, HEM A
TI3h 2.69 .4.25 F1 4.36 mg-g™", 44 NO, HEj
K743 514 0.50 ,0.28 F10.65 mg-g . B A BF5E Hll
A B TR R AR PML, S HE IR 7 2 0.048 ~
1.5 mg-g ' F10.13~42 mg-g ' (Shen et al. ,2014) | &
FHHE SO, F1 NO, HERL R 43914 0.08 ~0.40 mg- g™
H10.07 ~3.84 mg-g ' (Zhang et al.,2000; Ge et al.,
2004).

F1 RAKHHETFURER

Table 1  Emission factors from residential coal combustion

— PMZ_Si/ 502{ NO{
(mg-g™") (mg-g™) (mg-g™)
TeHES 14 0.23+0.10 3.42+0.04 0.40+0.08
ToARBES 24 0.35+0.14 4.41+0.04 1.09+0.06
TCHHBEER 14 0.59+0.24 0.48+0.02 0.18+0.27
ToAREEK 24 0.73+0.30 3.04+0.03 0.40+0.07
TCHHBEER 34 0.64+0.27 2.09+0.05 0.43+0.08
AEIER 14 0.60+0.25 4.410.03 0.28+0.05
PR MREER 24 0.50+0.21 2.09+0.05 0.43+0.08
AR AEER 34 1.19+0.49 4.34+0.02 0.26+0.03
A fIEER 44 1.35+0.56 6.15+0.56 0.16+0.03
JRIE B 14 1.16+0.48 2.33+0.02 0.58+0.05
S 24 3.40+1.41 5.24+0.04 0.97+0.07
JHAE e 34 2.64+1.09 5.52+0.02 0.39+0.03

D 3 e L i) A 4 o RS BR B 1) P, 5 SO,
F1NO, HEjk 45 R =k 2 frzs.PM, SO, Fl NO,
HE N 43 591 6.26 ~39.76 mg-g ' .0.04 ~0.23
mg-g ' F10.05~0.76 mg-g ' . B A BFFE IG5 4= 9y 5
BRI PM, 5 SO, R NO, HERCH T2 31152 0.5~ 14.8
mg+g',0.01 ~0.21 mg-g ' A1 0.23~1.54 mg-g"'
(EPA, 1995; Zhang et al., 2000; ¥k % #5 % 2013;
Oanh and Dung, 1999; Meyer, 2012; Alves et al.,
2011).

R2 EWRABERBHEETFURER

Table 2 Emission factors from biomass briquette combustion

A W) o A PM, 5/ 50,/ NO,/

1Rk (mgeg™) (mg-g™") (mg-g™")
AR 39.76+8.30 0.04+0.01 0.18+0.02
FORAEFTORL 7.65+1.93 0.20+0.06 0.76=0.10
HRAEFFASURL 6.262.99 0.23+0.02 0.05+0.01
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5 &1 (Conclusions)

1) RTVEE A=W oot 45 R AR B E A ]
BRI %A T HE PR A AR R DX, SRASE R 7 vk
RIS Ak 5 NS s T A & S T R g
TR, G — FER %) R SR V5 e E

2) 58 BRI 12 2R 48 BB v Ik AR R vk AR AR
ECRAEE AL M B R B B 1t O 1 ¥
Yoy A &ﬂ/'\%%*brh%ﬁ*ﬁ%x#iyﬁ%%
EI’JJF% A7 R FH T A A AR 5 15 G 0 I ke PR D 3K
o %Eﬁﬂﬁﬁm‘m ﬁ@%ﬂiﬁ RIS B K

ARG HREAEH | 2238 18 [R) ip 47 7 202 00 1000 F 28 4
FAEEEIL A

3) FE R BRI 0 R 40 1 H T R A A=
Py R HE R I, B PML, 5 SO, F NO,
HEC A 43 901 R 0.23 ~ 3.40 mg-g ' 0.48~6.15
mg-g ' 0.16~1.09 mg-g ™", AW FBEL PM,,
SO, 1 NO, HECH F 43 54 6.26 ~39.76 mg- g™ |
0.04~0.23 mg-g ' 1 0.05~0.76 mg-g™'

REEERNY HoEH (1980—) , B 18+, 8l #f, £ £ o
7 g AR R & A K R FUR 4 Ak [, E-mail ; jiangjk @

tsinghua.edu.cn.
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