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 Fine particulate matter can cause long terms effects on human and the environment. 
Thus, attempts to quantify and characterize the fine particulate emissions from selected 

stationary sources are important steps towards understanding their role in this respect. 

In this regard, a study was performed to determine the mass concentration of particulate 
with size of less than 2.5 microns or PM2.5 and particulate size of less than 10 microns 

or PM10 emitted from a biomass fired boiler. The study was to evaluate the emissions 

of these particulate size fractions and their probable exposure impact if any, to the 
human population at large. 
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INTRODUCTION 

 

 Combustion of biomass is one of the technique for generating heat and power. Burning of biomass fuel in 

boiler generates fine particles that affects air quality and the environment. Particle can be classified by their 

physical size; the size is from a few nanometers (nm) to tens of micrometers (µm). It is important to study the 

physical and chemical properties particles as well as their formation, transformation, transport and removal from 

the atmosphere [1]. Particularly, both PM2.5 and PM10, particulate matter with aerodynamic diameter or da of 

less than 2.5µm and 10µm, respectively is known to associated with heart diseases, pneumonia and chronic 

obstructive pulmonary diseases. The PM2.5 are potentially more harmful than larger particle because they can 

reach deeper into the lower respiratory tract of the lungs [2]. 

 Studies have been conducted to investigate the mass concentration of particulate emission from different 

type of biomass solid fuel. Rashid et al., [3] studied the particulate mass concentration emitted from a biomass 

fired-tube and water-tube types boilers and found that there was a significant difference the two boilers. The 

authors found that fire-tube boilers generated finer size particles with the size less than 1.5µm compared to 

water-tube boilers with the size between 9 and 10µm at 50% cumulative particulate size distribution. 

Obernberger et al., [4] reported that 90% (8.8 mg/Nm
3
), 75% (28 to 56 mg/Nm

3
) and 90% (13 to 18 mg/Nm

3
) of 

the total particulate mass concentration generated from wood log, wood chip and wood pellet boiler was 

attributed to PM10, respectively. Qiu [5] studied that wood pellets combustion generates PM0.1-10 

concentration of 72.7 mg/Nm
3
. Chen et al., [6] found that 45.6 mg/Nm

3
 of the particulate emission from wood 

pellet fired boiler was PM10 particulate size fraction.  

 While, Gaegauf et al., [7] reported that the PM10 emissions concentration was 42±17 mg/Nm
3
, 29±0.5 

mg/Nm
3
, 67±8 mg/Nm

3
 for wood log boiler, wood pellet boiler and wood chip boiler, respectively. The authors 

found that particulate emission up to 95% are contributed by particle of less than 0.2µm in size. Major part of 

the particulate emission up to 95% are fine particle in the range of between 30 and 200 nm. Fernandes and Costa 

[8] investigated the emissions from a domestic pellet-fired boiler during steady-state operation under different 

thermal inputs and found that particulate concentration varied between 160 mg/Nm
3 

and 490 mg/Nm
3
. The 

authors stated that the emissions were mainly dominated by particles size below then 2.5 microns and above 10 

microns. The highest PM2.5 emission was 220 mg/Nm
3
 for thermal input of 11 kW while the highest PM10 

emission was 270 mg/Nm
3
 for thermal input of 21 kW. Boman et al., [9] reported that emission from wood 

pellet boiler mainly found in fine particles with aerodynamic diameter of 0.20 to 0.39µm with an average PM1 

of 89.5%±7.45% of total PM.  
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 This paper presents a study on the PM2.5 and PM10 emission from a biomass fired boiler in order to 

evaluate the particulate mass concentration of these particles size fractions and their probably exposure impact , 

if any on human using a simple air dispersion modeling equation.  

 

MATERIALS & METHODS 

 

Data collection: 

 A biomass boiler burning palm fiber and shell as fuel was selected in this study. Table 1 presents the 

biomass boiler characteristics and its operating condition. The particulate emission sampling was performed at 

sampling port in the stack gas downstream of a multiple-cyclones particulate arrestor. Particulate matter was 

sampled isokinetically according to USEPA Method 17 – ‘Determination of in-stack particulate emissions from 

stationary sources’. Thimble filter placed in a canister was used to collect the particulates. Flue gas moisture 

content was determined using USEPA Method 4 – ‘Determination of moisture content in stack gas’ and 

volumetric flow rate was determined according to USEPA Method 2 – ‘Determination of stack gas velocity and 

volumetric flow rate (Type S-pitot tube)’. In situ measurement of gaseous emission was carried out using a 

portable gas analyzer (Telegan, Model 100). A total of four samples were collected at the site.  

 
Table 1: The biomass fired boiler characteristics. 

Parameter Value 

Boiler model Tukama Water Tube 

Boiler manufactured year late 80s 

Boiler type Water Tube Boiler 

Boiler steam capacity (kg/hr) 13,600 

Boiler temperature (oC) 250 

Boiler pressure (psi) 290 

Fiber & shell ratio 85:15 

Fresh Fruit Bunch processed Approx. 200 metric ton/d 

 

Data analysis: 

 A micro fiber thimble was used as the collection medium in this sampling. The thimble was dried in oven 

and weighted before and after sampling, where the net particulate mass collected was finally obtained. Then, 

particulate mass emission rates (in g/s) was also calculated based on the sampling. Ultrasonification technique 

was used to disengage the particulate matter from the thimble filter. It was dried and a small quantity of the 

sample suspended in a liquid and analysed for particle size distribution by using Laser Diffraction Particle Size 

Analyser (SHIMADZU, SALD-2201).  

 In order to evaluate the possible human exposure, the maximum ground-level particulate concentration 

(Cmax) and the distance at which it occurs (xmax) were estimated based on air dispersion modelling presented by 

Turner [10]. The actual particle emission rates, the characteristics of stack, atmospheric stability class and wind 

speed were taken as input in the modelling exercise.  

 

RESULTS AND DISCUSSIONS 

 

Particulate Mass Concentration: 

 Table 2 presents the characteristics of the stack information obtained in the study which include average 

stack gas temperature, average stack gas velocity, average stack gas volumetric flow rates and its moisture 

content, oxygen and carbon dioxide concentration.  

 
Table 2: Characteristics of the stack data obtained in the study. 

Parameter Value 

Stack diameter at sampling plane (m) 2.4 

Stack height (m) 30 

Ave. stack gas temperature (°C) 290 

Ave. stack gas velocity (m/s) 16 

Ave. stack gas volumetric flow rate (m3/s) 69 

Moisture content (% v/v) 4.5 

Ave. CO2 concentration (% v/v) 2.0 

Ave. O2 concentration (% v/v) 18.0 

 

 Figure 1 presents the cumulative size distribution of particulate matter obtained in the study which showed 

that 2.33% and 13.7% of the total PM mass emitted represents PM2.5 and PM10, respectively. The particle 

mean size distribution obtained was 40µm, which means that particle size at 50% collection efficiency of the 

particle arrestor installed downstream of the boiler is considerably large. Meanwhile, the particulate emission 
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concentration for PM10 and PM2.5 (corrected at 7% oxygen concentration) and particle emission rates are 

reported in Table 3. 

 

 
 

Fig. 1: Cumulative particle size distribution of the stack emission sample. 

 
Table 3: Particulate emission concentration and calculated emission rate of PM10 and PM2.5. 

Particulate matter Particulate mass concentration (g/Nm3) corrected at 7% O2 Particle emission rates (g/s) 

PM10 0.78 ± 0.29 5.73 

PM2.5 0.14 ± 0.07 0.98 

Note: number of sample = 4; Nm3 means gas volume corrected at 0oC and barometric pressure 101.325kPa 

 

 As shown in Table 3, particulate PM2.5 and PM10 generated from the biomass fired boiler with palm fiber 

and shell was 0.14 ± 0.07 and 0.78 ± 0.29 g/Nm
3
, respectively. The average PM2.5/PM10 ratio was 0.18 or 18% 

of the PM10 mass concentration emitted from the biomass boiler is represented by PM2.5. The calculated 

particulate emission rates of PM2.5 and PM10 was 0.98 and 5.73 g/s respectively. These will serve as input in 

the air dispersion modeling study which is presented in the following section. 

 

Air Dispersion Modelling: 

 Table 4 present the data input used in the modeling exercise to determine the ground level concentration 

(GLC) of particulate matter for possible human exposure evaluation based on the emission rates obtained from 

the biomass boiler (see Table 3). The stability class A was chosen as this gives the highest GLC predicted by the 

model. Wind speed of 1.0 m/s is considered as the average wind speed mostly experience in the country.  

 
Table 4: Input parameter for estimating Cmax and xmax 

Parameter Value 

Stability A 

Wind speed (m/s) 1.00 

Emission rate (g/s) Refer to Table 3 

Effective stack height (m) 209 

 

 The air dispersion equation to calculate the GLC was presented by Ranchoux [11]; 

  
Cu

Q
 

max
= exp a + b ln H + c  ln H 2 + d ln H 3              (1) 

where a, b, c and d are constants that depend on stability class which is -1.0563, -2.7153, 0.1261 and 0 

respectively. Meanwhile, H is the effective stack height in m (H = h + ∆h, where h is physical stack height and 

∆h is plume rise). 

 The plume rise was determined by using Holland [12] formula; 

 ∆h =
vs ds

u
 1.5 + 2.68(10)−3Pa  

Ts− Ta

Ts
 ds             (2)  

 Where Vs is the stack gas velocity in m/s, ds is the stack diameter in m, u is the wind speed in m/s, Pa is the 

atmospheric pressure in mb, Ts is the stack gas temperature and Ta is the atmospheric temperature in K.  

 Table 5 presents the results of the predicted GLC based on the air dispersion modeling as compared to the 

ambient air quality standards adopted from several countries which showed that the predicted particulate GLC 

was significantly lower that the limits. The maximum predicted concentration of PM10 and PM2.5 was 36.5 
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µg/m
3
 and 6.22 µg/m

3
 compare to the limits of 150 µg/m

3
 and 35 µg/m

3
 respectively, which is unlikely to cause 

any harmful effect to the human population. The maximum concentration occurs within 600 m away from the 

source which in most cases the biomass fired boiler is located far away from residential area. 

 In addition, the hazard quotient for PM10 and PM2.5 in this case was 0.105 and 0.076 respectively, which 

is less than 1.0. This illustrates that the predicted pollutant concentration is below the reference or guideline 

concentration whereby the potential risk is within the acceptable level and that no action is required to reduce 

the pollutant’s level.  

 
Table 5: Comparison of maximum predicted ground level concentration of PM with ambient air quality standards. 

Particle Predicted 

maximum 

concentration 
(Cmax), µg/m3 

PM standards, µg/m3 (24-hour average time) Hazard 

Quotient 

(HQ) 
 

Malaysia Singapore Thailand United 

State 

EPA 

Europe WHO 

PM10 36.5 150 150 120 150 50 50 0.105 

PM2.5 6.22 35 (proposed) 35 - 35 - 25 0.076 

*Hazard Quotient (HQ) = predicted/standard 

 

Conclusions: 
 This study determine the mass concentration of PM2.5 and PM10 emitted from a selected biomass fired 

boiler. The particulate mass for PM10 and PM2.5 measured at the stack of the biomass fired boiler represented 

13.7% and 2.33% of the total particulate mass emitted respectively. The maximum predict GLC of particulate 

emitting from this source was relatively insignificant compared to the ambient air quality limits or standards 

adopted by some countries of the world. Nevertheless, the study helps to determine the percentage of size 

segregated particulate mass of PM2.5 and PM10 emitted from a biomass fired boiler in a local context.  
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