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ABSTRACT 

In Europe, biomass burning is a source of several pollutants, especially in winter time. Several human health 

problems have been associated with pollutants released from biomass burning. The objective of this work was to 

characterize the emissions of a wide range of pollutants from a typical Portuguese wood stove fuelled with two 

common species: eucalypt and pine. The highest emissions for several gaseous compounds analysed, excepting 

hexane, were obtained for eucalypt. Pine presented the highest emission of PM10. 
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1. INTRODUCTION 

The importance of biomass fuels has increased, in recent 

years, mainly for two reasons: (i) the effort to control emissions 

of greenhouse gases from fossil fuels, (ii) their CO2-neutrality 

and the fact that they represent renewable energy sources [1], 

and (iii) the increase costs associated with fossil fuels. Despite 

this, biomass combustion is recognized as a major source of air 

pollutants with potential to cause health hazards [2] and with 

impacts on air quality, as it has been proved in several studies 

[3–5]. Biomass burning releases considerable amounts of 

airborne pollutants, such as nitrogen oxides, methane and 

volatile organic compounds (VOCs), polyaromatic hydrocarbons, 

furans and dioxins, but also particulate matter, which has a major 

impact on atmospheric pollution, especially in rural cites in 

Europe during winter time [6].  

 As in many other countries, biomass burning is a common 

practice in Portugal, where it is mainly used for domestic heating 

or cooking. Estimates of annual wood consumption are 1950 

kton in domestic appliances [7]. 

The lack of information regarding the emission composition 

and emission factors (EF) for biomass burning in Portugal, leads 

to higher errors when estimating emissions. This is due to the use 

of EFs from US, Alpine and Scandinavian biofuels, which, in 

general, are uncommon in southern Europe [6, 8, 9]. Besides the 

differences in the fuel composition, the design and 

characteristics of the appliances are known to influence the 

emissions from biomass burning [10, 11]. 

In order to improve estimates of the amount and profiles of 

gaseous and particle emissions, it is necessary to burn biomass 

fuels commonly used in Portugal, as well as using the same type 

of appliances.  

This study aims to characterize the particle and gaseous 

emissions from Portuguese wooden biofuels burned in a typical 

woodstove.  

2. EXPERIMENT 

2.1 Fuel characteristics 

The biomass fuels selected for this study were pine (Pinus 

pinaster) and eucalypt (Eucalyptus globulus), two types of wood 

commonly used in Portugal (Table 1). The logs were cut into 

pieces of 0.3 to 0.4 m in length. In each combustion cycle, 1.7 to 

2.0 kg of biomass was burned. The combustion of each batch of 

fuel lasted between 45 and 60 minutes. 

 

Table 1 - Chemical characteristics of the biofuels (bdl – below detection 

limit). 

  
Pine Eucalypt 

Proximate analysis 

(%wt, as received) 

 
9.6 14.8 Moisture 

 

Ultimate analysis (%wt, 

dry basis) 

Ash 0.46 0.25 

C 51.4 48.6 

H 6.2 6.2 

N 0.16 0.16 

S bdl bdl 

O (by difference) 41.78 44.79 

2.2 Combustion experiments, gas and PM10 sampling 

The woodstove of this study is commonly used in Portugal 

for domestic heating (air heating). It is an equipment produced 

by the Portuguese company Solzaima [12]. The stove is made in 

stainless steel and has a cast iron front panel and grate. The 

volume of the combustion chamber is around 0.09 m3, 

corresponding to 0.44 m height, 0.59 m width and 0.36 m depth. 

It is operated manually in batch mode with handheld control of 

combustion air. The combustion air enters the combustion 

chamber throughout a cylindrical structure/tube of 6 cm in 

diameter, located beneath the door, and flows throughout the 

grate and biomass fixed bed. A mass flow meter (Kurz, Model: 

500-2.0-P 40) measures the air flow rate entering the combustion 

chamber. Furthermore, this cylindrical device supports the 

hopper for collecting the bottom ashes, located below the grate 

of the stove. The driving force for the air entering the 

combustion chamber is natural convection resulting from the up 

flowing column of hot combustion flue gases throughout the 

vertical chimney. The wood stove heats the room air by a 

combination of radiation, natural and forced convection. 

The stove is equipped with a vertical exhaust duct (chimney) 

with 0.20 m internal diameter and 3.3 m height; the exhaust duct 

was thermally insulated (with cerablanket, 128 kg m−3, 0.025 m, 



 

0.23 W m−1 K−1) in the first 1 m above the stove exit, due to 

operational safety reasons. 

A fixed grate supports the logs under combustion. A weight 

sensor (DSEUROPE Model 535QD-A5, C Figure 7) was 

connected to the grate in the stove, with the objective of 

continuous monitoring the weight of fuel in the burning fixed 

bed. However, the stove is not completely tight and some air can 

enter without being measured. To face this problem a Pitot 

coupled to a pressure sensor (JUMO, model Typ 4304) and a 

type-K thermocouple are used to determine the flow throughout 

the chimney and the total amount of air entering the combustion 

chamber. 

The flue gas sampling and characterization was made using a 

Gasmet CEMS FTIR measuring system (FTIR, Figure 7), which 

is designed for continuous emission monitoring measurements. 

The gases analysed were H2O, CO2, CO, N2O, NO, NO2, SO2, 

HCl, HF, NH3, CH4, C2H6, C3H8, C2H4, C6H14 and CHOH. The 

system consists in a FTIR gas analyser, a Gasmet industrial 

computer and a Gasmet sampling system. All parts of the system 

are 19” rack mounted and are installed on the pull-out shelves. 

The Gasmet CEMS includes all power connections and 

temperature controllers for heated lines and heated sample probe. 

The operation of the system is fully automatic and controlled by 

the Calcmet software [13].  

For O2 monitoring (O2, Figure 7) , the gas sampling and 

characterization system included a water-cooled sampling probe, 

a set of gas conditioning and distribution units, and an on-line 

gas analyser, ADC 700 (paramagnetic) with a Servomex module. 

The combustion flue gas was sampled at a flow rate of 2 L.min-1 

(atmospheric pressure and temperature). The operation, 

monitoring, conditioning and characterization were performed 

by a computer based control and data acquisition hardware and 

software system. 

Temperature in the combustion chamber and in different 

locations along the system was monitored with K-type 

thermocouples. 

Particulate matter <10 µm (PM10) in the combustion flue gas 

were collected in a dilution tunnel located downstream of the 

chimney (Q, Figure 7). This dilution tunnel (O, Figure 7) 

consists of a tube of circular section with 11 m length and 0.20 m 

internal diameter. The gas velocity in the cross section of the 

dilution tunnel was determined using a Pitot tube (Testo AG 808; 

P, Figure 7), a pressure sensor and a K-type thermocouple; this 

allowed the calculation of the volumetric gas flow rate 

throughout the tunnel, and respective combustion gas dilution 

ratio. Particulate sampling points were located at ~10 m 

downstream the dilution tunnel entrance. The aim of this dilution 

source sampling is to simulate the rapid cooling and dilution that 

occurs when exhaust mixes with the atmospheric air. 

Gas-particle partitioning of semi volatile material in the 

combustion flue gas will be influenced by these processes [14]. 

PM10 was collected on quartz filters (47 mm diameter) using 

a low volume sampler. The sampling train included a specific 

sampling head (PM10), a pump operating at 38 L min-1 (at 

atmospheric pressure and temperature), and a control and data 

storage unit, all making part of a TCR, TECORA (model 

2.004.01) instrument (R and Q, Figure 7). A K-type 

thermocouple was placed near the sampling head to characterize 

the flue gas (combustion flue gas from the stove diluted with 

atmospheric air) temperature. In order to maintain the sampling 

flow rate and to avoid pressure drop across the filter media, the 

filter was replaced several times during the combustion cycle; 

each filter replacement lasted less than one minute [15]. 

 

 

3. RESULTS AND DISCUSSION 

3.1 Concentration profiles 

During the combustion tests with both fuels, it was observed 

that the FTIR analyser has high uncertainty on measurements in 

the initial stage of the combustion process, i.e. during the initial 

period of wood heating and devolatilisation. This problem seems 

to be caused by the high concentrations of water in the flue gas, 

which is released during the first stage of the combustion process. 

This problem is flagged by the analyser software and 

corresponds to high residual values in spectra analysis. However, 

it does not affect all the gases in the same way and some of them 

are not affected at all. Due to this, there is a lack of data in the 

initial stage of the combustion process for some gases (e.g., CO, 

CO2, CH4, NO, SO2, NH3, HCl). 

3.1.1 Pine 

During the combustion of pine, the highest emissions for 

CO2 were coincident with those of H2O. The lowest O2 

concentrations were concomitantly registered (Figure 1). On the 

other hand, carbon monoxide (CO) concentrations decreased 

during this period to values identical to those of the beginning. 

The same occurs with some hydrocarbons (Figure 3). After that, 

CO achieved an even lower value, due to the high temperatures 

in the combustion chamber and the high O2 concentrations, 

which enabled an extended conversion of unburned material to 

CO2 and H2O.  

 
Figure 1 - H2O, O2, CO2, CO and CH4 emission profiles during the 
combustion of pine. 

Ammonia presented a similar profile to that of CO. However, 

concentrations were lower and in the first 5 minutes it wasn’t 

detected (Figure 2). Despite sulfur was below the detection limit 

in the fuel, it was present in the flue gas with high emission in 

beginning of the combustion. However, it seems that the higher 

water contents in the gas have a bigger effect in SO2 than in other 

gases. SO2 presented an average concentration of 8 ppm. NO2 

and N2O had very low concentrations, 2.5 and 0.7 ppm, 

respectively, while, on the other hand, NO showed a similar 

emission profile to those of CO2 and water vapor, with an 

average concentration of 30 ppm. 



 

 
Figure 2 – NO, SO2, NH3 and HCl emission profiles during combustion 
of pine. 

Figure 3 depicts the evolution of several hydrocarbons 

throughout the combustion experiments. Methane presented the 

highest average concentration among all (60 ppm). However, in 

the first 5 minutes, CH4 concentrations were surpassed by 

CHOH. Despite the values were ignored, it appears that the 

lower temperatures in the early stages of combustion promote 

the emission of formaldehyde and ethane. 

 
Figure 3 – CH4, CHOH, C2H4, C2H6, C3H8 and C6H14 emission profiles 

during the combustion of pine. 

3.1.2 Eucalypt 

The combustion of eucalypt showed, in general, a similar 

behaviour to that of pine, despite the higher concentrations of 

some gases. 

During the heating and devolatilisation phases, CO reached 

concentrations of 7000 ppm. As observed in the case of pine, 

these levels were registered with high water content, which leads 

to high uncertainty in the measuring method, and thus those 

values are not shown. Also, CO2 and H2O presented similar 

profiles with average concentrations of 6.4% and 6.1%, 

respectively. 

Figure 4 - H2O, O2, CO2, CO and CH4 emission profiles during the 

combustion of eucalypt. 

Figure 5 shows the evolution of NO, SO2, NH3 and HCl 

concentrations in the exit flue gases. It is observed that SO2 has a 

similar behaviour to that of pine. The flue gas concentrations of 

NO2 and N2O were lower than 3 and 1.5 ppm, respectively. The 

mean nitrogen monoxide concentration was 35 ppm, maximizing 

at 85 ppm. These values are very close to those registered for 

pine combustion (30 ppm average and 81 ppm max). The 

combustion of eucalypt has a higher emission of HCl than pine, 

registering an average value of 10 ppm and a maximum of 31 

ppm, while the corresponding values for pine were 0.8 ppm and 

4.8 ppm.  

 
Figure 5 - NO, SO2, NH3 and HCl emission profiles during the 

combustion of eucalypt. 

The emission profiles of various hydrocarbons is similar 

(Figure 6), and in some extent comparable to those of pine. 

However, in the case of eucalypt, the concentrations are higher. 

Methane was emitted at an average concentration of 105 ppm, 

achieving a maximum value of 448 ppm. Formaldehyde 

presented an average concentration of 11 ppm, but peaked at 218 

ppm in the initial stage of the combustion process. Another 

difference between pine and eucalypt occurs around 30 minutes 

in to combustion cycle. Despite the increasing O2 concentration, 

all hydrocarbons (and CO) suffer an increase in their emission. 

In the combustion of pine this effect is not so marked as in the 

case of eucalypt, except for methane. 

 
Figure 6 - CH4, CHOH, C2H4, C2H6, C3H8 and C6H14 emission profiles 

during the combustion of eucalypt. 

3.2 Emission Factors 

The emission factors calculated for the experiments carried out 

are shown in Table 2. Significant differences in the emission 

factors of eucalypt and pine are observed. Eucalypt presented the 

highest emission factors for all gaseous species (except C6H14), 

while pine exhibited the highest emission factor for PM10. This 

result is opposite to what was expected, considering that low 

moisture content of the wood fuel (as the pine) can be traduced 

by higher combustion rates, creating zones with a deficit in O2, 



 

thus, enhancing the emission of several gaseous pollutants and 

also particulate matter emissions [16]. 

The EFs of CO, CH4 and CHOH were almost double for 

eucalypt when compared with pine. The differences observed 

between eucalypt and pine for NO (84.8 vs 68 mg·MJ-1), SO2 (95 

vs 64 mg·MJ-1) and HCl (16.6 vs 0.735 mg·MJ-1) are relevant. 

These differences could be likely explained by distinct element 

uptakes by the trees due to growth under contrasting 

environmental conditions.  

Table 2 - Emission factors for gases and PM10. All emission factors are in 
dry basis and corrected to 13% O2. 

    Eucalypt Pine 

    Average std. Average std. 

CO  [g.MJ-1] 6.5 0.6 3.8 0.5 

N2O 

[mg.MJ-1] 

3.6 0.3 2.5 0.009 

NO 85 0.2 68 5 

NO2 16 5 12 2.1 

SO2  95 29 64 24 

 NH3  4.4 1.5 4.5 0.95 

HCl  17 2.8 0.73 0.39 

HF  0.03 0.027 0.001 0.001 

CH4  155 12 88 10 

C2H6  12 2.0 8.5 0.95 

C2H4  6.6 2.2 7 5 

C3H8  0.76 0.07 0.19 0.18 

C6H14  5 0.1 11 2.5 

CHOH 41 13 21 2.1 

PM10 229 122 345 98 

4. CONCLUSIONS 

Particulate matter and gaseous emission factors and emission 

profiles along time were obtained for the residential combustion 

of two widespread Portuguese woods. The combustion 

experiments carried out showed important differences between 

the two types of biomass fuels. Overall, eucalypt presented the 

highest concentrations and EFs for of several gaseous pollutants, 

while pine produced the highest PM10 EFs.  

Despite the similarities between flue gas concentration 

profiles along time for pine and eucalypt, the amounts of several 

gaseous compounds emitted are higher for eucalypt, especially 

for SO2, HCl and hydrocarbons. 

ACKNOWLEDGMENT 

This work was supported by the European Commission through 

the Life+2011 programme, project “AIRUSE - Testing and 

Development of Air Quality Mitigation Measures in Southern 

Europe” (LIFE 11/ENV/ES/000584), and 

PTDC/AACAMB/116568/2010 - 

FCOMP-01-0124-FEDER-019346 - (BiomAshTech). 

 

 
Figure 7 - Schematic representation of the experimental installation. 

Dashed line - Electric circuit; Continuous line - Pneumatic circuit. A - 

Stove, B – Grate of the stove, C – Load cell (weight sensor), D – Air 
flow meter, E – Thermal insulation of the exhaust duct, F – Exhaust duct 

(Chimney), G – Water-cooled gas sampling probe, H – Heated sampling 

line, UCD0, UCD1, UCD2 - Command and gas distribution units, I – 
Gas sampling pump, J – Gas condensation unit for moisture removal, O2 

– Automatic on-line gas analyzer, UCE1 – Electronic command unit, O – 

Dilution tunnel, W – Pitot tube, Q – Sampling head for PM10 (TECORA), 
R – TECORA control and data acquisition system, S – Ventilator. 
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