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Abstract 

In order to assess emission factors (EF) more accurately from household biomass 

burning, a series of laboratory-controlled apple tree wood burning tests were 

conducted to measure the EFs of size-segregated particulate matter (PM) and 

carbonaceous aerosols. The controlled burning experiments were conducted with 

designed primary air (PA) and secondary air (SA) supply intensity. An optimum value 

of 7 m
3
·h

-1
 was found for SA, resulting the highest modified combustion efficiency 

(92.4 ± 2.5%) as well as the lowest EFs of PM2.5 (0.13 ± 0.01 g·MJ
-1

), OC (0.04±0.03 

g·MJ
-1

) and EC (0.03±0.01 g·MJ
-1

). SA values of 7 and 10 m
3
·h

-1
 resulted the lowest 

EFs for all the different PM sizes. In a test with PA of 6 m
3
·h

-1
 and SA of 7 m

3
·h

-1
, 

very low EFs were observed for OC1 (8.2%), OC2 (11.2%) and especially OP 

(Pyrolyzed OC) (0%, not detected), indicating nearly complete combustion under this 

air supply condition. Besides SA, higher PA was proved to have positive effects on 

PM and carbonaceous fraction emission reduction. For example, with a fixed SA of 

1.5 m
3
·h

-1
, EFs of PM2.5 decreased from 0.64 to 0.27 g·MJ

-1 
when PA increased from 

6 to 15 m
3
·h

-1
 (P<0.05). Similar reductions were also observed in EFs of OC, EC and 

size segregated PM. 

Key words: emission factors, carbonaceous aerosol, secondary air supply, 

semi-gasifier stove, wood burning 

 

1. Introduction 

 For the last three decades, about 2.8 billion persons relied on solid fuels (biomass 

such as wood, crop residues, dung and charcoal) for cooking and heating globally, and 

this was still the case in 41% of total households in 2010 (Bonjour et al., 2013; Kirch 

et al., 2016). Solid fuel burning emits large quantities of pollutants into atmosphere 

(Shen et al., 2009; Kjallstrand and Olsson 2004; Xu et al., 2016), such as PM2.5 

(particulate matters with aerodynamic diameter less than 2.5 μm), organic carbon 

(OC), elemental carbon (EC), polycyclic aromatic hydrocarbons (PAHs), etc. 

Residential solid fuel burning was the largest contributor to OC and PM2.5 emissions 

(Lei et al., 2011), the second largest to PAHs emissions (Xu et al., 2006), and the third 
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largest to BC emissions (Wang et al., 2012). Household air pollution from solid fuels 

was a major cause of diseases in women and children globally and is responsible for 

50% of premature deaths under five years of age (WHO 2014). 

 Residential wood combustion is of wide concern in China due to its adverse 

impacts on air quality and human health, especially in some mountainous areas and 

fruit production regions (Shen et al., 2012). For example, in Guanzhong Plain of 

Northwest China, apple trees are commonly planted as the main commercial crops. 

Branches of these trees are produced from clipping activities every winter and are 

mainly used as fuels by local residents for cooking and heating. To make things worse, 

most wood stoves used for residential heating today are still old-fashioned and emit 

large quantities of pollutants (Kjallstrand and Olsson, 2004). Thus, a great effort has 

been made from government agencies and scientific communities to reduce residential 

stove emissions. For example, the Chinese government implemented the National 

Improved Stove Program (NISP) from 1982 to 1992 by replacing traditional stoves by 

high thermal-efficient ones, and has effectively reduced indoor air pollution 

(Chowdhury et al., 2013). Earlier studies have observed that using two-stage stoves 

especially those with forced air increased heat transfer efficiency and decreased 

emitted pollutants from incomplete combustion, foremost CO and PM, compared to 

the old-fashioned stoves (MacCarty et al., 2010; Kumar et al., 2013; Raman et al., 

2014). However, not every newly designed stove improved the emission control 

despite with more energy efficient (Kshirsagar and Kalamkar 2014), e.g. some stoves 

with increased release of ultra-fine particles (particulate matters with aerodynamic 

diameter less than 1.0 μm) (Jetter et al., 2012).  

Sufficient air supply and complete mixing between air and fuel were key factors 

for complete combustion (Shen et al., 2012; Kirch et al., 2016). In recent years, many 

two-stage wood stoves with forced or natural secondary air supply system entered the 

market. Emission factors of pollutants from the newly designed wood stoves varied 

substantially and systematic investigations were needed to understand the influence of 

air supply to wood stove emissions (Wiinikka and Gebart 2005; Shen et al., 2012). In 

addition, it is widely reported in previous studies that the uncertainties in results from 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 

field experiments were extremely high (even over 200%) (Such as Tian et al., 2015). 

The present study is thus designed to investigate EFs of size segregated particles and 

carbonaceous species from a two-stage wood stove under various air supply and 

distribution conditions. Knowledge gained from the study will be useful in designing 

new stoves and accurately quantifying pollutants emissions from household biomass 

burning. 

  

2. Materials and Methodology 

2.1 Research stove 

 A two-stage solid fuel stove (Fig. S1) was designed to provide controlled air flow 

rates in both primary air (PA) and secondary air (SA). PA is controlled by varying the 

window of PA inlet while SA is controlled by a blower with a power of 5 W installed 

at the SA inlet. In this stove, PA is connected to the gasifier chamber supplying air 

(oxygen) for gasification reactions which produces combustible mixture including 

gases (CO, CH4, C2H6 and etc.) and particles. SA is connected to the combustion 

chamber providing air mixing directly with combustible mixture. A heat exchanger is 

set at the starting point of the flue chimney and collected with a 20L-water tank. The 

tank is commonly connected to an indoor heating system to provide heating, but in 

this study, indoor heating system was not connected and all water used in test was 

stored in the tank for measuring weight loss and temperature rise which could reflect 

the heating transfer efficiency of the stove. 

2.2 Fuel 

 Apple trees wood chips from a garden clip waste in Guanzhong Plain, China were 

used as fuels for the tests reported in this study. Wood chips were cut into pellets with 

a size varying from 30 (L) × 30 (D) mm to 50 (L) × 50 (D) mm in approximately 

cylinder shape to ensure a steady and controllable experimental condition. A 

controlled moisture content and industrial analysis was done before the experiments 

and the results are shown in Table S1a and Table S1b. The mass of fuel for each test 

was ~2.0 kg. 

2.3 Measurements 
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A combustion chamber was set up in a laboratory at the Institute of Earth 

Environment, Chinese Academy of Sciences (IEECAS) to simulate the burning of 

biomass. The combustion chamber was equipped with a thermocouple, a thermo 

anemometer, an air purification system, and a sampling line connected to a dilution 

sampler (Wang et al., 2009). Samples of the combustion emissions were collected 

using a custom-made dilution system with dilution ratios ranging from 5- to 15-fold. 

The details of this dilution system were described in Tian et al., (2015). Dilution 

samplers were connected with three parallel channels located downstream of the 

residence chamber, and PM2.5 samples were collected on quartz membrane with a 

flow rate of 5 L·min
-1

. Size segregated PM samples were collected using an 

eight-stage cascade impactor sampler (Anderson, Thermo Fisher Scientific, Franklin, 

MA, USA) with 80mm diameter quartz membranes at a flow rate of 28.3 L·min
-1

. 

Real-time CO levels were monitored by a CO analyzer (Model 48i, Thermo Scientific 

Inc., Franklin, MA, USA) (Wang et al., 2009). Three non-dispersive infrared (NDIR) 

CO2 analyzers (Model SBA-4, PP Systems, Amesbury, MA, USA) were used to 

measure CO2 levels on background, in the stack, and in diluted emissions, respectively. 

And for each condition, duplication tests were conducted at least 3 times to avoid 

experimental errors and accidental errors. 

All filter samples collected in this study were kept at -20 ℃ before being analyzed. 

First of all, gravimetric analysis of particle mass loadings was determined by a 

Sartorius MC5 electronic microbalance (±1 μg sensitivity, Sartorius, Gottingen, 

Germany). OC and EC in PM samples were analyzed using a Thermal and Optical 

Carbon Analyzer (Model 2001, AtmAA Inc, USA) with IMPROVE (Interagency 

Monitoring of Protected Visual Environment) thermal/optical reflectance (TOR) 

protocol. Detailed operation procedures were described in Sun et al. (2017). 

2.4 Data analysis methods 

 EFs of particulate and gaseous pollutants were calculated based on heat 

transferred with unit of g· or mg·MJ
-1

,
 
with input parameters including the diluted 

concentration of a pollutant (CDil), the dilution ratio (DR), sampling duration (tsample), 

fuel consumption (mfuel), sampling volume (Qfilter), stack flow velocity (VStk), low 
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heating value (LHV) of fuel, thermal efficiency (TE), and stack cross section area (D), 

as detailed in Sun et al. (2017). 

For particulate pollutants (i.e. PM2.5, OC and EC), the EFp is: 

                  (1) 

Modified combustion efficiency (MCE) was calculated based on measured CO 

and CO2. It is widely reported to differentiate flaming and smoldering phase in 

combustion (McMeeking et al., 2009; Ni et al., 2015). The formula is as below: 

MCE=Δ[CO2] / (Δ[CO2] +Δ[CO])               (2) 

WhereΔ[CO2] andΔ[CO] are the excess molar mixing ratios of CO2 and CO, 

respectively. 

 

3. Results & Discussion 

3.1 Implication of air supply on MCE 

 Table 1 shows the descriptions and parameters of each independent test in this 

study. Besides flow rates of PA and SA, oxygen concentrations in exhaust smoke were 

also measured. A proper excess air ratio, which could be calculated by O2 

concentration in smoke, is widely accepted to be necessary for high efficient 

combustion and low pollutants emission (Ryu et al., 2006; Xie et al., 2007). The high 

excess air ratios suggested that the system operated at fuel-lean conditions with all PA 

and SA flow rates. 

 

Insert Table 1 

 

MCE was calculated for each test to offer a quantized parameter in distinguishing 

flaming and smoldering during combustion process. Thermal efficiency and heating 

rates were used to evaluate the capability of thermal transfer in different stoves and 

working conditions and were extracted from water boiling test (WBT) (Bailis et al., 

2007). In Table 1, Tests 1-6 were designed to detect the impact of secondary air 

supply on PM and carbonaceous particle emissions, and thus had the same PA flow (6 

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 

m
3
·h

-1
) but varying SA flow from 0.3 to 15 m

3
·h

-1
. In this SA range, an optimum 

value of 7 m
3
·h

-1
 was found which produced the highest MCE value (92.4±2.5%, 

P<0.05) and also the best performance in terms of thermal efficiency and heating rate 

(Fig.1).With SA being set as 7 m
3
·h

-1
, MCE kept at high levels for a relatively long 

time period. In contrast, with SA being set as 0.3 m
3
·h

-1
, the MCE curve was the 

lowest among all the test series and the combustion status was mostly unstable as well. 

Thus, with increasing SA up to the optimum value of 7 m
3
·h

-1
, more air was 

introduced to downstream reaching to the front flame, enabling more complete mixing 

of air with the primary combustion products and resulting more complete combustion 

and then higher MCE and TE (Kirch et al., 2016). However, further increasing SA 

provided excess air diluting the heat in combustion chamber and decreasing 

temperature, which in turn leading more CO emission (lower MCE) and lower 

thermal transfer efficiency (Johansson et al., 2003; Houshfar et al., 2011). An earlier 

study suggested the optimized excess air ratio to be around 2.0 (Liu et al., 2001), 

while the present study found it to be 2.5 for best performance (Test 4). 

 

Insert Figure 1 

 

Fig. 2 shows the time series of MCE under two different PA flows with fixed SA 

conditions of 1.5 and 15 m
3
·h

-1
. It was seen that higher PA enhanced the MCE level 

when SA was fixed. For example, Test 7 (89.9% ± 2.0%) had higher MCE than Test 

2 (80.2% ± 0.1%) and Test 8 (91.2% ± 1.9%) higher than Test 6 (79.6% ± 

3.1%) (P<0.05), so was the case for TE and heating rate (P<0.05) (Table 2). PA was 

proved to control the combustion rate of solid fuel, and thus residential users shut 

down PA inlet when keeping a long combustion period (Sun et al., 2017). As 

mentioned above, all the tests were in oxygen rich condition, and thus fast fuel 

burning rates led by higher PAs should transfer more heat in a unit time, which had 

been observed in this study. The highest heating rate measured in Test 8 was 

4.5 ℃·min
-1

 (for 6 kg water in WBT), which was obviously higher than that in Test 6 
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(3.8 ℃·min
-1

). A similar contrast was also observed between Tests 2 and 7. 

 

Insert Figure 2 

 

3.2 Implication of air supply on EFs of PM 

PM2.5 was deemed as the most serious pollutant emitted from solid fuel 

combustion especially in residential use (Shen et al., 2010; Sun et al., 2017). A lot of 

parameters including stove type, fuel type, air supply, etc. have been proved to impact 

PM2.5 emission in solid fuel combustion (Chen et al., 2012; Jetter et al., 2012). Table 2 

lists heat transfer based PM2.5 emission factors under different SA conditions. With a 

fixed PA (6 m
3
·h

-1
), SA shows a non-linear influence on EFs of PM2.5 (EFPM2.5). The 

lowest EFPM2.5 (0.13 ± 0.01 g·MJ
-1

) was observed in Test 4 with SA being 7 m
3
·h

-1
. 

This extremely low EF was likely due to the optimal secondary air supply combined 

with proper PA, as supported by the excess air ratio of 2.5 found in this test, which is 

close to the literature reported optimized value of 2.0 mentioned above. EFPM2.5 

increased when SA diverted from the optimum value of 7 m
3
·h

-1
. Lower SA than this 

value could not provide sufficient secondary air supply for complete combustion 

(leading to the highest EFs at 0.3 m
3
·h

-1
) and higher SA than this value cool down the 

combustion chamber due to too much excessed air which may also lead to incomplete 

combustion (Shen et al., 2010). This hypothesis was supported by the finding that Test 

6 had higher EFs of OC (EFOC) (0.16±0.15 g·MJ
-1

) but lower of EC proportion (0.30, 

calculated as 0.07/(0.07+0.16)) than Test 5 (0.11±0.12 g·MJ
-1 

and 0.42, calculated as 

0.08/(0.08+0.11)) (P<0.05), knowing that higher OC emission was an indicator of 

incomplete combustion while higher EC proportion for more complete combustion 

and higher combustion temperature in certain air supply conditions (Han et al., 2010). 

The markedly decreases in EFOC and increase in EC proportion when SA moved to 

the optimum value also resulted in the lowest OC/EC ratio (1.4) in Test 4. 

 

Insert Table 2 
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Besides SA, PA also has crucial influence on PM2.5 emissions from stove wood 

burning. It can be seen from EFPM2.5, OC and EC from two sets of PA tests (Table 3). 

Lower EFs were observed in higher PA flow (P<0.05), i.e. Test 7 versus Test 2 and 

Test 8 versus Test 6. Under the higher SA condition in combustion chamber (15 m
3
·h

-1 

in Tests 6 and 8), higher PA matches the higher SA producing more combustible gases 

and particles in gasification chamber and resulting in high MCE and low EFs. 

However, it was hard to explain the lower SA condition (1.5 m
3
·h

-1
) (Tests 2 and 7) 

when higher PA (Test 7) still resulted in higher MCE and lower EFs. It could be due to 

the excess air ratio which showed a slightly higher value in Test 7 than Test 2 (1.88 

versus 1.78) and both tests were in oxygen-enriched environment. SA flow could offer 

more oxygen in Test 7 than Test 2. 

 

Insert Table 3 

 

Size distributions of PM emitted from wood burning under different SA flows 

were compared in Fig. 3. EFs of PM (EFPM) in 9 sizes were the lowest at SA values of 

7 and 10 m
3
·h

-1
 in all the nine size stages. The highest EFs of size segregated PM 

were observed in Test 1 with SA being 0.3 m
3
·h

-1
.
 
This could be partly explained by 

the oxygen deficient condition in the second combustion chamber which produced 

high emissions from incomplete combustion (Simoneit 2002; Shen et al., 2013). 

When SA was larger than 10 m
3
·h

-1
, the EFs of PM in all size stages were higher than 

those from SA of 7 m
3
·h

-1
. The cumulative frequencies followed the same trends as 

EFPM. The sum of the first four size stages (PM2.1) accounted for 78.0%, 74.0%, 65.5%, 

57.8%, 53.0% and 65.5% of the total PM measured in the six SA tests, respectively. 

And the ultrafine stages (PM1.1) also showed a nadir in SA of 10 m
3
·h

-1
. The non-liner 

impacts of secondary air supply were also observed in previous studies, especially on 

PM size distribution (Hedberg et al., 2002; Shen et al., 2013). 

 

Insert Figure 3 
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The impact of PA on EFPM and PM size distribution is shown in Fig. 4. When SA 

was set as 1.5 m
3
·h

-1
, a higher PA (15 m

3
·h

-1
) effectively decreased the EFs of PM 

(p<0.05) by ~60% to ~80% in the nine sizes. However, when SA was set as 15 m
3
·h

-1
, 

no significant differences were found in EFPM between the two different PAs (P>0.05). 

It is also noticed that EFPM was not significantly different between Tests 6 and 8 (both 

with SA =15 m
3
·h

-1
) and Test 7 (with SA=1.5 m

3
·h

-1
, PA=15m

3
·h

-1
). Besides, these 

tests also showed similar PM size distributions pattern. This suggests that EFPM could 

be maintained at relatively low levels under certain air supply conditions, if PA and 

SA matched properly. 

 

Insert Figure 4 

 

3.3 Implication of air supply on EFs of carbonaceous species 

 Fig. 5 shows the mass fractions of OC and EC in PM2.5 emitted from different air 

supply tests. For the total carbon (TC), Test 4 yields the lowest EFs of TC (EFTC) 

(69.3 mg·MJ
-1

) among all the tests, more than 90% lower than in Test 1 (1061.8 

mg·MJ
-1

). Test 4 had very low OC1 and OC2 fractions, only accounting for about 

20% of TC. These two compounds were generally deemed as the products of low 

temperature combustion or smoldering (Ni et al., 2015). Noticeably, OP (Pyrolyzed 

OC)，which was also attributed to smoldering products in previous studies (Han et al., 

2010; Ni et al., 2015), showed a higher proportion in Tests 1, 2, 6 and 8. The high OP 

proportion in Test 1 was due to deficient air supply while in Tests 6 and 8 due to 

cooled temperature in combustion chamber because of the high SA. A common 

phenomenon in all the tests was the high and frequently dominant EC1 content 

because EC1 was commonly produced in low temperature combustion such as 

biomass burning (Chow et al., 2007; Han et al., 2010), and combustion in 

semi-gasification stove could not achieve a high-enough temperature for producing 

EC2 and EC3.  

 

Insert Figure 5 
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 Size segregated OC and EC are shown in Figs. 6 and 7. In Fig. 6, results from 

tests with six varied SA flows are drawn to detect the influence of SA on TC 

sub-fractions in different PM sizes. Three major findings were found from Fig. 6. The 

first one was that the highest EFTC was observed in Test 1 in which SA was set to be 

very low (0.3 m
3
·h

-1
). It was reported that carbonaceous fractions including OC and 

EC in combustion productions were mainly due to oxygen deficient (Han et al., 2010). 

The evidence of oxygen deficient condition in Test 1 (and also Test 2) rather than in 

other tests was the dramatically high OP in Test 1, an indicator for incomplete 

combustion. The second finding was that among the eight sub-fractions, OC3 was the 

highest in OC and EC1 in EC. OC3 was generally deemed as high temperature 

produced OC, but traditional stoves usually maintain relative low temperatures due to 

the poor air supply and users’ conventions and thus should produce high contents of 

OC1 and OC2 (Shen et al., 2012; Sun et al., 2017).  The third finding was that 

among the nine measured PM sizes, the finest phase (PM diameter < 0.47 μm) had the 

most abundant carbon fraction under any air supply condition. PM1.1 OC and EC 

accounted for more than 70% and 90%, respectively, of total PM OC and EC. It has 

been reported that ultra-fine and even smaller particles (PM diameter < 0.47 μm) 

dominated in PM size distribution from wood combustion (Shen et al., 2010), and it 

has been proved that these particles were soot-related (Purvis and McCrillis 2000; 

Danielsen et al., 2011). However, the production mechanisms of EC and even OC still 

need further investigation for clarification.  

 

Insert Figure 6 

 

 The impact of PA on carbonaceous fractions in size segregated PM was shown in 

Fig. S2. A higher PA (15 m
3
·h

-1
) emitted much lower carbon sub-fractions than a 

lower PA (6 m
3
·h

-1
) (P<0.05) in low SA conditions (1.5 m

3
·h

-1
). When PA was set as 6 

m
3
·h

-1
, a remarkable amount of EF of OP (EFOP) was emitted in the finest particle size 

(<0.47 μm) indicating oxygen deficiency burning condition.  
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Insert Figure S2 

 

 

4. Conclusion 

 The impacts of air supply in wood burning in a semi-gasification stove on size 

segregated emissions of PM and carbonaceous species were evaluated. The results 

proved that both primary and secondary air supply have crucial effects on EFs of PM. 

PA had a linear effect on EFs of PM and carbonaceous species while SA had a quadric 

effect under conditions set in this study. EFs decreased with PA rising, but increased 

when SA deviated from 7 m
3
·h

-1
. The lowest EFs of PM2.5, OC, and EC were found 

on the conditions with PA being 6 m
3
·h

-1 
and SA being 7 m

3
·h

-1
. For

 
size segregated 

PM, EFs of PM were the lowest at SA values of 7 and 10 m
3
·h

-1
 in all the nine size 

stages. Among the nine measured PM sizes, the finest phase (PM diameter < 0.47 μm) 

had the highest EFs and also the most abundant carbon fraction under any air supply 

conditions. More studies are needed to investigate the mechanisms of air supply on 

size segregated particles emitted from stove burning of other biomass fuels. 
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Figure captions 

Fig. 1 Time series of MCE in same PA (6 m3·h-1) but different SA conditions  

Fig. 2 Time series of MCE in same SA (1.5 m3·h-1 for left and 15 m3·h-1 for right) but different PA 

conditions  

Fig. 3 PM size distribution in same PA (6 m3·h-1) but different SA conditions 

Fig. 4 PM size distribution in same SA but different PA conditions 

Fig. 5 Mass percentage of thermally resolved organic carbon (OC) and elemental carbon (EC) 

fractions in PM2.5 following IMPROVE_A protocol (Chow et al., 2007). OC1 to OC4 evolve in a 

100% helium atmosphere, EC1 to EC3 evolve in a 98% helium/2% oxygen atmosphere. Pyrolyzed 

OC is the difference between OC and (OC1+OC2+OC3+OC4), and the EC1 values are corrected 

here by subtracting OP from the original EC1 value. 

Fig. 6 EFs of TC sub-fractions in tests with consistent PA but varied SA conditions. (PA=6，varied SA 

for T1=0.3,T2=1.5, T3=4, T4=7, T5=10, T6=15 m3/h) 
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Fig 1. Time series of MCE in same PA (6 m
3
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) but different SA conditions 
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Fig 2. Time series of MCE in same SA (1.5 m
3
·h

-1
 for left and 15 m

3
·h

-1
 for right ) but 

different PA conditions 

 

 

0 500 1000 1500 2000 2500 3000 3500

75%

80%

85%

90%

95%

100%

 

 

M
C

E

Time (s)

 PA6   PA15

0 500 1000 1500 2000 2500 3000 3500
70%

75%

80%

85%

90%

95%

100%

 

 

M
C

E
Time (s)

 PA6  PA15

ACCEPTED MANUSCRIPT



AC
C

EP
TE

D
 M

AN
U

SC
R

IP
T

 

 

 

 

 

Fig3. PM size distribution in same PA (6 m
3
·h

-1
) but different SA conditions 
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Fig. 4 PM size distribution in same SA but different PA conditions 
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Fig. 5 Mass percentage of thermally resolved organic carbon (OC) and elemental 

carbon (EC) fractions in PM2.5 following IMPROVE_A protocol (Chow et al., 2007). 

OC1 to OC4 evolve in a 100% helium atmosphere, EC1 to EC3 evolve in a 98% 

helium/2% oxygen atmosphere. Pyrolyzed OC is the difference between OC and 

(OC1+OC2+OC3+OC4), and the EC1 values are corrected here by subtracting OP 

from the original EC1 value.
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Fig. 6 EFs of TC sub-fractions in tests with consistent PA but varied SA conditions. (PA=6，varied SA for T1=0.3,T2=1.5, T3=4, T4=7, T5=10, T6=15 m
3
/h) 
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Table 1 Description, air distribution and coefficient of excess air of different tests 

 

Test 

No. 

PA, 

m
3
/h 

SA, 

m
3
/h 

PA/SA 
O2 in 

smoke, % 

coefficient of 

excess air 

Heating 

rate, ℃

/min 

Thermal 

efficiency, % 
MCE, % 

1 6.0 0.3 20.0 8.6 1.7 2.4 33.6 74.4±1.5 

2 6.0 1.5 4.0 8.9 1.7 3.0 39.0 80.2±0.1 

3 6.0 4.0 1.5 9.5 1.8 3.6 47.8 85.4±6.1 

4 6.0 7.0 0.9 12.4 2.5 4.4 68.0 92.4±2.5 

5 6.0 10.0 0.6 13.7 2.9 3.9 58.9 85.3±8.1 

6 6.0 15.0 0.4 14.9 3.5 3.8 56.7 79.6±3.1 

7 15.0 1.5 10.0 9.8 1.9 4.1 60.6 89.9±2.0 

8 15.0 15.0 1.0 15.8 4.1 4.5 70.8 91.2±1.9 
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Table 2 EFs of PM2.5 and carbonaceous fraction in PM2.5 in varied SA tests 

 

Test No. EFPM2.5, g·MJ
-1

 EFTC, g·MJ
-1

 EFOC, g·MJ
-1

 EFEC, g·MJ
-1

 
OC/EC ratio 

 

1 1.77±0.26 0.94±0.07 0.80±0.61 0.14±0.13 5.9 

2 0.64±0.06 0.39±0.07 0.24±0.23 0.14±0.01 1.7 

3 0.27±0.04 0.12±0.03 0.08±0.07 0.05±0.01 1.6 

4 0.13±0.01 0.07±0.03 0.04±0.03 0.03±0.01 1.4 

5 0.35±0.02 0.18±0.02 0.11±0.12 0.08±0.01 1.5 

6 0.42±0.01 0.23±0.02 0.16±0.15 0.07±0.00 2.2 
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Table 3 EFs of PM2.5 and carbonaceous fraction in PM2.5 in varied PA tests 

 

Test No. EFPM2.5, g·MJ
-1

 EFTC, g·MJ
-1

 EFOC, g·MJ
-1

 EFEC, g·MJ
-1

 
OC/EC ratio 

 

2 0.64±0.06 0.39±0.07 0.24±0.23 0.14±0.01 1.7 

7 0.27±0.01 0.14±0.00 0.08±0.10 0.06±0.01 1.4 

6 0.42±0.01 0.23±0.02 0.16±0.15 0.07±0.00 2.2 

8 0.25±0.02 0.17±0.00 0.11±0.12 0.06±0.00 2.0 
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Highlights 

 

 EFs of size-segregated and carbonaceous aerosols from wood stove burning are 

measured.  

 A wood stove with secondary air supply is effective in emission reduction. 

 An optimal distribution between primary and secondary air supply was found. 
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