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A measurement system to characterize air pollutant emissions from residential
solid fuel combustion

ZHANG Qi, LI Qing, JIANG Jingkun' , DENG Jianguo, DUAN Lei, HAO Jiming

School of Environment, Tsinghua University, Beijing 100084
Received 15 October 2015; received in revised form 11 November 2015; accepted 11 November 2015

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 pgem™) . 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 mgeg™', 0.48 ~
6.15 mgeg™", 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
mgeg !, 0.04~0.23 mgeg™", and 0.05~0.76 mg*g™', respectively.
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1 3| (Introduction)

KRN A= 4y Joi A 3 B iz AR D AR R LA T
K IE R F e KRG 8 (Duan et al., 2014 ; 4 N R
LR E E K G i R 2009) AR IR R X JE R 2
K B B R e T 6 [ R B k). R R 4 B BT 1
B, PRIEAN 58 4 B Z 5 28 ) 15 e, RS I 7= A2 K
BRURL ) AT e, a0 — E AL TR AN R A AL )
(Zhang, 2003; Zhang et al.,2000) .34 75 ey H 92
Tt i B HEN A A B R R R B A
P ANE X R G HE N KA R ORAUTS By S8 E K
fi BE (PR [E4%,2012; Oanh et al.; 1999 ; Launhardt and
Thoma, 2000 ; Boman et al. ,2006) .

D AERA I AN VAt B8 58 X HE TR S e s
7853 7% 8 R FH [ 44 R R R LR R LR R
B R A BRI o8 RS540 1) AR 2R G » o) e
FERRBERIL I =5 5 Jak HE X HEAN KI5 e K Ut e b
R A B S P A0t B (A Rk A Joe HE T
15 YT 9T 2 R B B E AN E SR AR (] 1
Fras) MR ERELE Y B BT B b BRI Ty
BCE M AN R, 7R TE KHLAE T R 7 2R O <
A — R HENME AR R R B TS B
TRALLIE Sk N K B TR A # R R (Zhang et al.
2000; X Y5 %%, 2007; JL [® £, 2012; Zhang et al.,
2008; Chen et al., 2004; Jetter et al., 2012; Shen
et al.,2012) RAFEMAMREE B KA 5Ty
(61 AT RIURLA) 308 3k SR R N 0 3 85 2 A
KBEETC AN I 8 AL SR RAL T 08 2 ] B S 0k
TS G ARTORL ) BEAT £ 22 i I B85 2K 4R (GE
et al., 2004; Zhang et al., 2000; Ravichandran and
Corscadden, 2014 ; Johansson et al., 2004 ; Shen et al.,

2010; FL/> & 5%, 2014; Pk E £, 2012; Wang et al.,
R

S et T 5 |
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Fig.1 Schematic diagrams of (a) method and (b) stack sampling
method for measuring pollutant emissions from residential

solid fuel combustion

2009) JAKE I FE HiG e HE TBOH FE RN I B v R
FEHENMNR B & AR E R AL R E (A EW
25,2004 ; Z=MAE%,2008; Li et al.,2007) .

Bt B ] A R A Joe 1) KT e 0k TEG
X H A G TG [ B s o A0 e bR . SR R SR R
(US EPA) #5477 7% Method 5G Fil Method SH 43 %
A FH 01 532 AN R SR VR EAT AR (EPA,
2000a; EPA,2000b) . 52 b il & v RIS X6 [5] — Fb 4
K FHAS R 0t 77 32 000 15 1) 25040 » G wT Bl PR A 7
TR AL AP FL A% B 1) P Ak 5 SR A 58 08 =892 0 0
TERFERAFAE — SE (R 28—, R b A % 3 1
T A PR 08 o AR SCA E NOR 1) T L At S A7
I 2 & 21 3K 85 p (Zhang et al., 2000; Jetter et al.
2012) » 4% G0 % 1M 5 7 1) L it B I ROE N B 2
SR FH A B8 2 B 8 R R ¥ 0 ¥ SR 4 M 3K 8 43 v
Ly » W 5 M 00 18 435 SR ) v A 12 5 B8 5 vk HERR
BSR40 AR — 2 R A 8
JE 1253 (Chen et al.,2015) , (HH#E A BB 1 25—
AR 22 i o U 2 b IR UKL ) R R X 2K A
A S N i AR AR 5 46 R 55 A BT AR
YRH AR A0S IR R 1 v J0 = 30 3ok A IR B2 3 A AN 41505 H
AR AR TR O T SRR v A 7 S [ B 4 A
AR IR A AT LA HE B ) R4S HE R . B R AR A
T8 HEAT KA S AR R T B4 A b A W o
AT 4 E) s A9 JURE 25 5 o UKL 47 HE T ) ) & 45 2R
24 P& Aiti (Butcher and Ellenbecker, 1982) .

9 5 e R T A AR R 058 15 G 4 HE T Ak e
(10 3k i R, 2 O RV R O T SR RV R R A L
DSCE SR A MU 77 92 5 B R HETBO KRS AN K
CoR1R/ RIS - B A7 Aol i A 7P i R A
R 2 FEASEADL R NS HE TS A F A% B A 5 189 SR B
AT AR A SR T M 7 — B R
FH T R 0 B A JEL K00 e 0 Ik T80 3 F) 4
MR AN R R Ge o X BT T PR R VPG, IF Y
iz &R Gont 12 20 R BT 3 20 2B 9 0 e etk 47 1
75 e HETBOR 7 B IR 1% 2R G R FH A MR 12 5
T PERENFE A DL B AR PR 85 2 AP0 5 P AR AR
PAMSC SR IS 75 e 10 » A5 400 K OTR R RIOR
P BUMR IR IE B 15 G o AR R 5E » 180 Dk 4
R HER .

2 #%G¥it (System design)

245 T AR RGN EA B A
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PR B SR D0 7 I e AL B 4 6
o AR RN AE KAL), 85 492 3.2A
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) R UE A5 A0 H14 2w R0l 38 4% (HEPA)
(Tronville and Rivers,2005) , 22 #8 45 ¥ 21 4 k1
A RF BradE b BRI E B KT UL
T PRAUFHE S R AR HL kb BT & 0Kk
TRAIG PR AR 855 2 S b UKL ) 30 B R el IR e
FANFFEAR Q2 m x2m x 2.5m), R ERA
B R P B S0 R TR R AR 0 T kS0 T AR
AN ERAER O RN AE B ke
A R T G O R E P B A AR S I 2R e
HEACE O TR O A W0 S 56 A S 2 AT VS A
o BB AV S R U T L 22 26 T v i P A 38
B R T WL SR e I IR S A Ak B 07 5 0 B4 B
(E4% 219 mm) A1 3%, 76 H 0 XL 76 FH T A 48
A A B AT ST MR AL TR SR AR A Y
INEE 2 A — R E N R B A4 R P A 1 A <k

HFEAT

ORI (AR R 28R SRR N R A B, 57U
T7 TPPAT AR R BCELAR ) 1/3 4, 537 1)
AT I [ ST R A B (R — R b i I
JA2e AT 22 AN REEAE  LASC L 2 338 [R] I R . 5
SRAEAE A IE 2 DN Bl R BRE A RS TS R i
24 W IS5 B8 2 R B 2 B MK AR 0 T AN A
W N AFEIENE, TS R AR E R O S
KA 2 18R H Teflon 5 ¥ 12, FURL W) T 6l A% 25 2
B 5 SRR 2 1) SRR AN 5 40 B 2 PR R I 4 DA
P15 G R BE R A Ok M R A TE R R U
A2 ORI I D8 & el O XL R L XUBL
A ER T XGRS 8 E T 2 4 [R] T HE 0 ROL I & 3 2
DR R B A R T R R BEL g g e T
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Fig.2 Schematic diagram of the chamber dilution measurement system
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EF,, = ™% (1)

Mg

A me Ay FH R 95 0 AL 0 IR T i i B ot
RN A SERE AT J5 BT8R 2 (mg) 5 Q AR BLN S
i (Lemin™") ;g JSREAUR A (1 1K) SR 0L B
(Lemin™) s myyq AEREEHOBRRLF B (g) .

[RIFE , ARG R ] R FH 8 4 SR BRAE 42 M
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K Q FRHRE T BLA AR (m™s™) T A
KR e S 18] (s) 3 C s LI 1) ¢ B35 Be ) o ik 2
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Fig.3  Photograph of the chamber dilution measurement system

3 ZR&GMEREVEAS (Evaluation)

VA AR UM B SRR IR R 4t 50 0E FC AR X T
W DL R AR BV S R R R B AR AT T
P L6 AIE S 5
3.1 BRSSP R T4

DN E R 2R G i HE A o a2 S R RO BB
WE S HPERY, LR T & il g R &k gE W
T ot 2 N AR R G B ) 0K 4 A P A
BRBLAR SRR B IS SIS U8, BB N FE R,
RS A AR A 1A% (PSD) 345 o i 968 1 i e 5 B
IR 3 R AR R B0 FE (Liu et al., 2014) . F N
ke WA PR S I R AR UKL P B B 1 4

NP BT B RORL Wk B2 BE R 2t i
Ja » FERRRE A B rb I A5 10 2% A2 UK A7) B0 B 24 K
T B by O BE I i AR Gt RE A RO A
FRIRIURE I J5E . 22 3 3o B U ) 3 0 B UKL 4 it B ik
BEANT 1 pgem™ 11 B ARSI 5% T A2 vl T 00
KL IR B FE £ 100 pg e m ™ 5 38 378 K T3 8 )5 14
BEAHLBURL ) 5 Bk B2 R ok, AE A RN R g
BERZ IR Y8 A N TG 1 AR be AN R BT
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Fig.4 Filter effect on the background particulate number

concentration in the sampling chamber
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B NO, 1 SO, 1S I B, TS HR A 7. HE
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Fig.5 Effect of collecting stove leakage on measured pollutant

emission factors

4 M RGN A (Application)

H A 12068 & 48 2 T 00380k 52T L IR A
SRR AR ot ] i i B AR ek 0 9 G T AR
R FH O 00, 5 0 A T MR O R~ £ AR, A T[] A
F AR R 45 b R KRG T A G B A S5 ) 11
FIURLAR BEHCR SRR A3 P B 2L D b 3 i HE 2 1
R b B (32 75 8 NS18C) » HiE th % N 18
kW, LB T A 160 m? AR SL 5, f k7 S\ R
FARZ I AUk 51N A 42 S5 R 458 7= A 1) 7 G
Y5 B R i) R B35 2 10 kg A=W A KL 3 kg
PSR AR BLAE L 5~ em; AN R BRBRHIR BRI 6] 2076
3~8 h G, T5 G R A R TT 46 B OB A
RGEH I B8 S W B KAE 3F 5 40 kAT
A e, DL AE TR AR ALRE SR 3 U BT 4.

IR ES FH B PM, SO, #1 NO, HEJB K 7 45 3

i 1 fjr7s, PM, 5. SO, fl NO, HE ik B 7 4 5 N
0.23~3.40 mgeg'.0.48 ~6.15 mgeg ' 1 0.16 ~1.09
mge g™ TEMHE S 2F AR R 1 3 PM, s HE R
T4 0.51.0.91 F12.40 mgeg ™", 15 SO, HE ik A
F4rHK 2.69.4.25 F1 4.36 mgeg ', 5 NO, Hijk
Al F 2> 524 0.50.0.28 F10.65 mgeg™". &4 W 5t v illl
59 B TC ARARE A R ) PV, s HE TR 7 7 0.048 ~
1.5 mg*g "1 0.13~42 mg*g ' (Shen et al.,2014) , &
FAE SO, 1 NO, HERCEE T4 519 0.08~0.40 mge g
F10.07 ~3.84 mgeg™' (Zhang et al.,2000; Ge et al.,
2004) .

R1 RABEHOR 7 45 R

Table 1 Emission factors from residential coal combustion
PM, 5/ S0,/ NO, /

R (mgeg™) (mgeg™") (mgeg™)
TENRLE S 14 0.23+0.10 3.42+0.04 0.40+0.08
TN 24 0.35+0.14 4.4120.04 1.09+0.06
TEIRIEER 14 0.59+0.24 0.48+0.02 0.18+0.27
TENAHEER 24 0.73+0.30 3.04£0.03 0.4020.07
TENRIEER 34 0.64:0.27 2.09£0.05 0.430.08
AR HEER 14 0.60+0.25 4.41£0.03 0.28+0.05
SRR 24 0.50+0.21 2.09£0.05 0.430.08
SRR 34 1.19£0.49 4.34x0.02 0.26+0.03
SRR 44 1.3520.56 6.1520.56 0.1620.03
TR 1# 1.16+0.48 2.33+0.02 0.58+0.05
TR 2# 3.40+1.41 5.24+0.04 0.97+0.07
SRR 34 2.64+1.09 5.52+0.02 0.39+0.03

MK 3 Fofroies DL 1) A 00 o B 2R A ) PM, 5+ SO,
FINO, HERR 745 F an 2k 2 frs. PM, 5 SO, Al NO,
HeTB R F 43 5 6.26 ~39.76 mgeg™'.0.04 ~0.23
mg+g " F10.05~0.76 mgeg™ . LA BF 7T M43 1 A= 40 R
BB PM, 5~ SO,H1 NO, HEBE T 43 5l & 0.5~ 14.8
mgeg ', 0.01 ~0.21 mgeg ' Al 0.23~1.54 mg+ g™
(EPA, 1995; Zhang et al., 2000; ik & #§ &, 2013;
Oanh and Dung, 1999; Meyer, 2012; Alves et al.,
2011) .

2 RGO s R

Table 2 Emission factors from biomass briquette combustion

IR T PM, / S0,/ NO, /

RKL (mgeg™) (mgeg™) (mgeg™)
A AR T B 39.76+8.30 0.04£0.01 0.18+0.02
KRG FFRORL 7.65+1.93 0.20+0.06 0.76=0.10
AL AT JURE 6.26+2.99 0.23+0.02 0.05+0.01
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5 45iE (Conclusions)

1) BRI R A= o ROk 45 R ] 44 08 R 7 AN [
BRIGE S5 A TR HEIR R A AR R DX 0 5 SRAE A T v
PAESE S AU S NPl P AP 7 i 0 i S 11 e 2
TR T+ » Gt — FHAEf 1)K AE A 7 350y HL 2L

2) A6 2R B SRR I R G Ak o A A =29 R
TESRAFEVE AN AL » U fSe B B R I B 5 s 9
YRRy » I 0D B4 55 73 S0 e R A 0 S 56 25 2R
B0 » A5 B FH ] A4 AR Joe v e 1) F T80 ERL 7 3K
S5 I RS . [ Bt 5L A AL 52 B R A% 2 A B K
SIRAMREAE FH - 2 18 18 [F) B a3k 47 75 28 W I AN 5 2%
KFESFEA AL

3) 6 20 BE R AR R g0 B FH T IR A A
W5 AR TR - Wk B B PM, 5. SO, Fit NO,
HECEE T 40 %) 9 0.23 ~3.40 mgeg'.0.48 ~6.15
mgeg” F10.16~1.09 mgeg™, W) T BRELK PM,
SO, 1 NO, HE A 1 2 %~ 6.26 ~39.76 mgeg '«
0.04~0.23 mg*g ' 1 0.05~0.76 mgeg™".

FATAEH R4 Wi b (1980—) , 1, 8+, @ 2092, = E o
FETT 1) 9 SV T I R K SRR A7) B ] > E-mail : jiangjk @

tsinghua.edu.cn.
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