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INTRODUCTION 

Wood combustion is the oldest source of heat on Earth, although for many years it 
has been replaced by fossil fuels, such as coal and oil. Nowadays, the EU objective 
to increase the share of renewable energy, as well as the rising costs of oil in the 
international markets, boosted the use of biomass as a heating source. Biomass 
fuels are CO2 neutral (Fig. 1), thus an increased use in residential heating can reduce 
greenhouse gas emissions. Furthermore, firewood allows low cost heating with prices 
relatively stable and can provide employment in many rural areas.  

 

 

 

 
 
 
 
 
 
 
 
 
 
 

 
Fig. 1 – Carbon cycle. 

 

In recent decades, the heating market has progressed to sophisticated combustion 
systems offering a broad range of efficient combustion appliances with a level of 
comfort comparable with the oil and gas based heating systems. In the market, the 
traditional batch-fed systems can still be found, as well as modern automatically-fed 
burning appliances designed to burn pelletized fuels, which minimize air pollution and 
maximize combustion efficiency. Technological advances have resulted in cleaner 
burning appliances, as well as cleaner burning fuels, such as wood pellets.  
The emissions from residential wood combustion (RWC) are dependent on the wood 
type burned, combustion appliance used and combustion conditions. The gaseous 
and particulate pollutants that are emitted affect both the indoor and outdoor air 
quality. In residential areas, the high density of domestic wood burning and the 
unfavorable topographic or/and weather conditions can significantly affect either the 
owners or their neighbors, especially if there are individuals with respiratory or 
cardiovascular diseases who are more vulnerable to this kind of air pollution. 
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Emissions from RWC are released a few meters above the ground; therefore, the 
people in the neighborhood are easily exposed. 

During winter, certain regions in southern Europe have unacceptable air quality due 
to RWC.  Ideally, wood combustion produces only carbon dioxide, ashes and water. 
However, inefficient combustion generates high smoke emissions which contain 
pollutants, such as carbon monoxide, oxides of nitrogen, volatile organic compounds 
and particulate matter (PM). Particles resulting from RWC incorporate several toxic 
constituents, including carcinogenic and/or mutagenic compounds, such as polycyclic 
aromatic hydrocarbons (PAHs). Wood smoke particles seem to affect factors, such 
as inflammation and blood coagulation, supposed to be involved in cardiovascular 
morbidity and mortality. The health effects caused by particulate matter are 
dependent on its physical and chemical properties. Reduced visibility and pungent 
odors are other effects resulting from the smoke created by inefficient wood burning. 

The understanding of firewood properties, wood combustion and combustion 
technology can contribute to reduce the wood smoke levels. This guide addresses 
information on proper wood burning in order to promote the responsible burning and 
reduce smoke emissions.  

FUEL SELECTION  

A wide variety of wood species is available for sale as firewood in southern Europe. 
In contrast to fossil fuels that present a certain degree of homogeneity, wood fuels 
exhibit a wide range of different characteristics. The purchase of high quality fuels is 
advantageous for the household’s budget and the environment since less wood 
consumption is necessary to produce the same amount of heat and less wood smoke 
is produced. The supply of quality fuels requires information about their physical (e.g. 
dimension, form, bulk density) and chemical properties (e.g. amount of elements like 
potassium). The quality of the fuels is also dependent on the moisture and ash 
contents and calorific value.  

 

Wood 
The firewood must be split to the right size and 
seasoned. In order to ensure a moisture content of 
about 20%, the wood should be dried for at least six 
months. The time necessary to the wood become 
fully seasoned depends on the type of wood, the thickness of the logs and the 
weather. The firewood should be split, covered and left to dry before being burned to 
ensure an efficient combustion, resulting in less wood consumption and less air 

Seasoned firewood allows 
getting more heat from less 
wood; the fire is less smoky 

and safer. 
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Stack Cover Split 

pollution. Wood dries from the surface inward, so splitting the wood logs allows 
drying faster since a greater wood surface is exposed. If the wood logs are seasoned 
the bark will come away easily and will split across the grain. 

 

Seasoning the firewood is important for several reasons. If firewood has high 
moisture content, the energy expended on its evaporation is wasted, and more wood 
needs to be burned to get the same heat. Another reason to burn seasoned wood is 

the fact that moist wood produce tar 
deposits (creosote) which can lead 
to chimney fires. On the other hand, 
if the moisture content is too low, it 
may create intensive burning and 
the combustion air might not be 
enough, creating air starved 
combustion conditions, which 
increases the emissions.  

There are two main kinds of 
firewood. Hardwoods, such as oak, 
eucalypt and beech, provide the 
most heat per weight, burning 

slower. Softwoods, such as pine and spruce, are low in density, burn quickly and light 
easily. However, due to the high resin content, softwoods form creosote easily.  

 

 

 

 

 

 

Proper logs storage 

1. The wood logs should be split (drying process is 
faster) and stacked crosswise loosely to allow the 
circulation of the air; 

2. The split wood should be stored in sunny and 
windy areas with a gap of at least 20 cm to the 
ground (to prevent the absorption of moisture from 
the ground); 

3. Freshly split wood should never be coved or stored 
in enclosed spaces; 

4. After the drying period, the split wood should be 
covered to protect it from the rain. 

Pine 
(Pinus pinaster)  

Eucalypt 
(Eucalyptus globulus) 

Cork oak 
(Quercus suber ) 
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 Pellets 
Wood pellets (Fig. 2) are usually made from dry, 
untreated wood, which under high pressure and 
temperature is compressed and pelletized. 
However, according with the guidelines and 
pellet classification of the European standard, 
pellets can be divided into three general 
categories, depending on the origin of the raw 
materials: (1) woody biomass (including by-
products and residues from wood processing 
industry); (2) herbaceous biomass; (3) biomass 
from fruit and a mixture of the previous types of 
biomass.  

In Southern European countries, the energy 
potential derived from agricultural residues is 
high due to the low cost and availability of this 
raw material. However, due to the high 
emissions, operating problems and production of 
high amounts of ash it is not recommended that 
domestic users burn this type of residues.  

Studies performed to evaluate the emissions and 
appliance performance using agricultural fuels 
and by-products or residues from wood 
processing industry reported high PM emissions 
(Fig. 3), as well as ash related problems, such as 
slagging on the grate of the appliance. The high 
concentrations of several elements in the fuel 
(e.g. nitrogen, sulphur, chlorine and potassium) 
can enhance the emissions and potentiate 
operating problems leading to undesired 
shutdowns of the heating system. The physical 
characteristics of the fuels are also of great 
importance, affecting the feeding into the stove 
and therefore the combustion efficiency. 

 

 

 

(I) 

 

(II) 

 

(III) 

 

(IV) 

Fig. 2 – Wood pellet fuels (pellets 
type I - made of wood, with EN-Plus 
certification; pellets II to IV – made 
of wastes from the furniture 
manufacturing industry in different 
proportions).  
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Fig. 3 – AIRUSE experimental results on PM emission factors (dry basis) for the combustion 
of different biofuels in a pellet stove.  

 

The wood pellet market has experienced a large growth in recent years. Between 
2008 and 2010, the production of wood pellets in EU increased by 20.5%, reaching 
9.2 million tons in 20101. However, attention must be paid when selecting the type of 
pellets. Although there are European wood pellet regulations, it is necessary to bear 
in mind that some wood pellets in the market may not comply with the regulations 
and may contain different types of toxic components.  

 

 

 

 

 

 

 

 

                                                 

1 Cocchi, M., Nikolaisen, L., Junginger, M., Goh, C. S., Hess, R., Jacobson, J., Ovard, L. P.,Thrän, D., Hennig, 

C., Deutmeyer, M., Schouwenberg, P. P., Marchal, D., 2011. Global Wood Pellet Industry. Market and Trade 

Study. IEA Bioenergy. Dec. 2011. 
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The ENplus quality label exists since 2010. It confirms 
compliance with the quality requirements stipulated by 
EN 14961-2.  

Pellets for stoves and small boilers should comply with 
Class ENplus A1. 
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For example, it is important to highlight that some woods, wood products and wastes 
arising from specific industrial sectors may be subjected to phyto-treatments and if 
these products are directly used as biofuels or as raw material for manufacturing 
pellets, upon burning, the emission into the atmosphere of heavy metals, including 
copper, chromium and arsenic (Fig. 4), as well as preservatives (e.g. 
pentachorophenol) will take place.  

  

Fig. 4 – PM10 mass fractions of some elements (wt.%); bld – below detection limit. 

 

One of the advantages of using pellets is that the fuel is already dry when purchased 
and ready to be burned. Pellets are supplied in bags. This is more convenient for 
householders than wood logs, which require more space for storage. On the other 
hand, in many areas the use of pellets for heating can be more expensive for 
householders in comparison with firewood. 
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APPLIANCE SELECTION  

In order to choose the right combustion appliance there are several factors that the 
householder needs to take into account. It is important that the appliance has the 
right size and heat output. If the owner purchases an appliance oversized with a heat 
output higher than the necessary, the device will be operated in “slow burning” 
conditions, which will create more tar and smoke and be less efficient. The full-load 
operation of the combustion appliance usually results in minimum emissions while 
part-load operation will result in high levels of emissions. The required heat output for 
a heating appliance is affected by the size and layout of the space that the household 
wants to heat. Other important features are related to the house insulation (e.g. 
double-paned glass, outdoor or indoor storm windows, insulated curtains and wall 
and floor insulation). Houses more energy efficient, with more insulation, conserve 
energy well and are easier to heat. In order to select the right appliance, the 
householder should get advice from the heating installer. 

When choosing the heating appliance, the householder also has to consider what 
fuel is more convenient. Firewood may create storage problems since it has great 
bulk per unit of heat content. The space necessary to dry the firewood must also be 
considered. If the space is scarce a better option is a pellet fired system. The fuel is 
already dry and the bags are easily stored.    

The appliances available in the market for biomass burning can be divided into 
manually fed batch-combustion systems, such as wood stoves, and automatically fed 
systems, such as pellet stoves (Fig. 5).  

 

 
Open fireplace 

Operated manually in batch mode and with no 
control of combustion air 

 
 

 
 

 
 
 
 
 

Traditional woodstove  
Operated manually in batch mode and with handheld 

control of combustion air  
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Eco-labelled chimney-type woodstove 

Operated manually in batch mode 

 
Pellet stove 

Automatic feeding 
 

Fig. 5 – Residential wood combustion appliances 
 

 

The differences on the combustion efficiency are evident and, consequently, 
emissions resulting from the two groups of appliances show huge discrepancies (Fig. 
6).  

 

 

Fig. 6 – Particle emission factors for various residential combustion appliances.  
23456 

                                                 
2 Fernandes, A.P., Alves, C.A., Gonçalves, C., Tarelho, L., Pio, C., Schimdl, C., Bauer, H., 2011. Emission 

factors from residential combustion appliances burning Portuguese biomass fuels Journal of Environmental 

Monitoring 13, 3196–3206. 
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It is necessary to draw attention to the fact that emission data from literature are not 
perfectly comparable. Different PM sampling strategies are used for evaluating 
emissions from combustion appliances: 

 
I) Sampling of particles on a heated filter, through a probe, from undiluted flue gas in 
the chimney at gas temperatures of 160°C (German norms by Verein Deutscher 
Ingenieure, VDI 2066) or 120°C (US EPA method 5H). These consist of filterable 
organic and inorganic particles and droplets at the indicated temperature. The 
inorganic particles are composed of significant amounts of K2SO4 and KCl 
(depending on the fuel composition) at favourable combustion conditions, whilst soot 
(elemental carbon, EC) and organic particles are also released as solid particles 
under poor combustion conditions. Measurements of solid particles only do not 
enable a reliable assessment of the final PM contribution to the atmosphere, since 
they do not consider condensable organic compounds and secondary organic 
aerosols formed from volatile organic compounds emitted during the combustion. 

II) Sampling of particles following methodology I) and subsequent sampling of 
condensable organic matter in impinger traps at temperatures < 20°C. Typically 
condensable particulate emissions are sampled in a series of impinger flasks, e.g. 
containing water to collect inorganic compounds and containing methylene chloride 
to capture organic compounds. Inorganic matter, excluding water, found in the 
impingers can origin from gaseous products (e.g. SO2). Hence in case of a 
substantial amount of such compounds, the allocation of the respective mass to 
either gaseous or particulate emissions is uncertain and needs further information. 
Under characteristic wood combustion conditions, the inorganic PM is sampled in the 
filter, whereas condensable inorganic matter in the impinger bottles is assumed to be 
negligible. 

III) Sampling of filterable particles in a dilution tunnel with a filter holder gas 
temperature less than 35°C (Norwegian standard NS 3058-2). Due to the cooling, 
condensable organic material in the hot flue gas condenses on the filter. 

                                                                                                                                                         
3 Schmidl, C., Luisser, M., Padouvas, E., Lasselsberger, L., Rzaca, M., Ramirez-Santa Cruz, C., Handler, M., 

Peng, G., Bauer, H., Puxbaum, H., 2011. Particulate and gaseous emissions from manually and automatically 

fired small scale combustion systems. Atmospheric Environment 45, 7443–7454. 

4 Sippula, O., Hyto, K., Tissari, J., Raunemaa, T., Jokiniemi, J., 2007. Effect of Wood Fuel on the Emissions 

from a Top-Feed Pellet Stove. Energy & Fuels 21, 1151–1160. 

5 Lamberg, H., Sippula, O., Tissari, J., Jokiniemi, J., 2011. Effects of air staging and load on fine-particle and 

gaseous emissions from a small-scale pellet boiler. Energy & Fuels 25, 4952–4960. 

6 Lamberg, H., Nuutinen, K., Tissari, J., Ruusunen, J., Yli-Pirilä, P., Sippula, O., Tapanainen, M., Jalava, P., 

Makkonen, U., Teinilä, K., Saarnio, K., Hillamo, R., Hirvonen, M.-R., Jokiniemi, J., 2011. Physicochemical 

characterization of fine particles from small-scale wood combustion. Atmospheric Environment 45, 7635–7643. 
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Condensable inorganic PM is assumed to be insignificant for residential combustion 
of wood. The particle concentration found by method III is assumed to be similar or 
equal to the mass detected by method II. 

Taking into account that the condensable fraction from biomass burning have been 
classified as very toxic7 and since it can significantly contribute to total PM in the 
ambient air, the use of emission data including condensable PM is highly 
recommended.  

The organic fraction of PM, includes polycyclic aromatic hydrocarbons (PAHs). 
Among these, benzo[a]pyrene (BaP), a particulate phase PAH, is classified as 
mutagenic and human carcinogen8. It has been reported that emissions of BaP in the 
EU-27 have increased by 11% between 2002 and 2011 due to an increase in 
emissions from the ‘commercial, institutional and household fuel combustion’ sector 
of 24%. In Europe, BaP pollution is a raising problem, especially in areas where 
domestic coal and wood burning is common. The annual target value of 1 ng m-3 set 
by the European Commission has been exceeded in many regions9.  

Within the AIRUSE project, the BaP content in PM samples from the combustion of 
the biofuels (different types of woods, pellets and agro fuels) in four residential 
combustion devices (fireplace, traditional woodstove, eco-labelled stove and pellet 
stove) was analysed (Table 1). 

As observed for PM, the lowest BaP emission factors were registered for the pellet 
stove. The lowest emitting wood species generated more than 8 times higher BaP 
concentrations than pellets. The flue gas from modern small scale heating systems, 
such as an eco-labelled stove, could produce high BaP emissions, especially during 
the combustion of conifer logs. These resinous woods are characterised by higher 
burning rates, which result in very hot flame and short, local drop of oxygen 
concentration during the combustion. Thus, although a “new” combustion technology 
contributes to the reduction of overall PM emissions compared with “old” burning 
appliances, higher combustion temperatures in modern logwood stoves may lead to 
higher PAH emissions.  

                                                 
7 Bølling, A. K., Pagels, J., Yttri, K. E., Barregard, L., Sallsten, G., Schwarze, P. E., Boman, C., 2009. Health 

effects of residential wood smoke particles: the importance of combustion conditions and physicochemical 

particle properties. Particle and Fibre Toxicology 6, 29.  

8 IARC, 2010. IARC Monographs on the evaluation of carcinogenic risks to humans  95, 9−38. 

9 Guerreiro C. B. B., Foltescu V., de Leeuw F., 2014. Air quality status and trends in Europe. Atmospheric 

Environment 98, 376-384. 
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Table 1 - AIRUSE mean values for particulate matter and benzo[a]pyrene emission 
factors (dry basis) from different combustion devices and biofuels. nd: not detected. 

 

Emission regulations are important in order to reduce emissions by improving the 
appliances design and therefore protect population health. Although Southern 
European countries have not yet imposed standards, stringent particulate matter 
emission limits for solid fuel heating appliances are active in other countries like 
Germany, Austria and Switzerland. These countries have their own national 
standards, usually very strict. For example, in Germany, from January 2015 onwards, 
stoves have to comply with more stringent emission limit values, ranging between 13 
and 27 mg MJ-1, depending on the type of fuel used. In Austria, the limit value for 
solid automatic and manual fuel-fired appliances is 25 mg MJ-1 and 35 mg MJ-1, 
respectively. The PM limits for solid fuel (biomass) combustion appliances in 
Switzerland also depend on the appliance. For example, for room heaters operated 
manually, the limit established is 50 mg MJ-1, whereas for automatically operated 
room heaters the limit is 27 mg MJ-1. However, it is believed that these emission 
limits are referred to measurements performed at high temperature, excluding 
condensables. If condensables are taken into account these emission limits might be 
equivalent to 170-150 mg MJ-1) according to recent studies that point to an 
underestimation of emission factors (up to 5 times) by the fact that this fraction is not 
accounted for. 

The standard under development (EN 16510 - residential solid fuel burning 
appliances) will impose an average smoke emission limit on all new products. 
However, it is necessary to take into account that the stoves already installed or in 
the market will not be covered by the norm. 

FIREPLACE
Softwood Hardwood Briquettes

mg PM2.5 MJ-1 biofuel 390 939 767
µg BaP kg-1 biofuel 14 26 1.7

TRADITIONAL WOODSTOVE
Softwood Hardwood Briquettes

mg PM2.5 MJ-1 biofuel 202 750 501
µg BaP MJ-1 biofuel 2.6 18 4.7

ECO-LABELLED STOVE
Softwood Hardwood Briquettes

mg PM10 MJ-1 biofuel 62 114 ---
µg BaP MJ-1 biofuel 86 8.1 ---

PELLET STOVE
Pellets I Pellets II Pellets III Pellets IV Olive pit Shell of pine nuts Almond shell

mg PM10 MJ-1 biofuel 27 86 102 76 168 117 112
µg BaP MJ-1 biofuel 0.24 nd nd 0.26 nd 0.92 0.50
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Dust separators are already available in the market for small scale appliances. Over 
the past few years, various configurations of electrostatic precipitators have been 
designed, in which the dust particles are electrically charged and then collected on 
the wall of the flue gas pipe. In addition, catalysts are also available, which promote 
the conversion of gaseous compounds like carbon monoxide to carbon dioxide. 
However, it should be noted that the installation cost of pollution control technologies 
is estimated to be between 1,000 and 3,000 €. Moreover, yearly costs for cleaning 
shall be added. The cost for a new stove will for many installations be comparable to 
the cost for the installation of an electrostatic precipitator and the maintenance for 
some years. Not all the systems could be installed on the chimney top on all types of 
houses and many people will probably not accept an electrostatic precipitator in the 
flue right above the stove due to sparkling noise and aesthetic aspects. 

Thus, if the householders are concerned about the emissions from their old 
combustion appliance, these latter should be replaced by certified equipment, rather 
than installing flue gas depollution technologies. 

Batch-fired combustion appliances 

Domestic batch-fed wood-burning appliances include space heaters (appliances to 
heat a space directly), such as open fireplaces, fireplace inserts and wood stoves, 
and central heating systems (the heat supply is performed through a system of ducts 
or water pipes), such as central furnaces and boilers. Batch-fired combustion 
appliances are very practical when the firewood source is readily available. 

 

Open Fireplaces 

Open fireplaces are typically built on-site using masonry 
materials (e.g. brick, stone) or can be factory built from 
steel. Traditional fireplaces are ineffective for home heating 
since the heat release is only performed by radiation from 
the flames and glowing embers. In some cases they can 
even result in overall heat loss. The operators are unable to 
control the air entrance into the firebox, which leads to low 
combustion temperatures and too much excess air. In 
addition to the outdoor air pollution, it is necessary to 
highlight that open fireplaces also pollute the indoor air with 
harmful pollutants that can be irritating or even dangerous 
in high concentrations. 

Adjustable dampers in the chimney, so that the airflow through the fireplace can be 
reduced, can be a way to minimize the problem. Burning in open fireplaces results in 



Deliverable B7.3: Technical guide to reduce biomass burning emissions 

AIRUSE LIFE 11 ENV/ES/584 
15 / 24 

high levels of pollutant emissions while the heat escapes through the chimney. The 
operator could install a door in order to reduce the leakage of air when the fireplace 
is not in use.  

 

Fireplace inserts  

Fireplace inserts are generally intended for installation within the firebox of a masonry 
fireplace, converting the latter into an effective heating appliance and reducing the 
entrance of cold air, as well as the odors and smoke into the room. Thus, a fireplace 
insert is a wood stove designed for installation within the firebox of a masonry 
fireplace. The emissions and performance of fireplace inserts are about the same as 
wood stoves. 

 These appliances can be designed to heat a single room, can incorporate a boiler 
providing heat and hot water for a house or can 
present air distribution outlets allowing the heat to 
be distributed to other rooms. 

The inserts are similar to a wood stove, but require 
a more elaborate heat transfer system to avoid 
excessive heat loss. Generally, the operator can 
control the air supply by opening or closing 
dampers or through the ash removal door. 

 

 

Wood Stoves  

Wood stoves are free standing room heaters that produce heat by radiation from its 
hot surfaces and by convection. Conventional wood 
stoves generally present high wood smoke emissions 
and low combustion efficiency. 

In these appliances, the burn rate is regulated by 
controlling the supply of primary combustion air. 
However, since reduced primary air results in high 
smoke emissions, secondary air must be supplied to 
burnout the released gases.  
 
Eco labelled wood stoves, designed with a good 
distribution of the air supply, are now available in the 
market. The modern stoves allow reaching higher 
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combustion temperatures and almost complete 
combustion of the tars produced. Baffles in the firebox (to 
create gas turbulence and give the gases a long 
residence time in the firebox) and secondary air 
preheating (fed above the fuel bed through small holes) 
are other features that modern wood stoves can present 
for optimal combustion.  
 
 

The incorporation of catalytic combustors in the stoves also allows the reduction of 
emissions. The smoke released during the combustion process is forced to pass 
through a ceramic honeycomb coated with a rare-metal catalyst, which allows 
complete combustion. The catalyst helps burning the gases at lower temperatures, 
which means that the operator even in “slow burning” conditions can achieve low 
emissions. The catalyst degrades, so it must be replaced after some years of use. 
 
 

Wood Boilers  

Wood boilers allow the heat supply through a 
system of water pipes. This system of heating is 
generally used when the house is old, has many 
small rooms or is too large and also if there is no 
place to install a room heater.  

Wood boilers are fed with logs of wood, manually 
loaded into the device. These appliances are 
simple to operate, however they require a heat 
storage tank.  

Wood boilers with a well-designed air supply can 
accomplish high combustion efficiencies (i.e., up 
to more than 90% based on lower heating value), high overall system efficiency (i.e., 
more than 80%), and low particulate matter emissions (lower than 30 mg MJ-1). 
Correctly operated, modern log wood boilers allow significant fuel savings in 
comparison to old-type boilers, which do not show a two-stage combustion design 
and electronic combustion control and frequently attain efficiencies of less than 60% 
or even less than 50%. For wood boilers, excessive PM emissions are described for 
devices operated without heat storage tank. This is in accordance with the 
observation found in stoves, since boiler operation for house heating applied without 
heat storage tank often leads to part load combustion.  

For log wood boilers with downdraft principle, optimized ignition can lessen the risk of 
bridging and channelling in the fuel bed, which is a motive for high emissions in such 
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boilers. Modern boilers with forced downdraft combustion and electronic combustion 
control devices enable low particle emissions under appropriate combustion 
conditions, while old-type boilers with updraft combustion exhibit higher emissions 
under similar conditions. 

 

Automatically-fired combustion appliances 
 

Pellet Stoves 

Pellet stoves are sophisticated appliances in which the 
greater advantage is the automatic operation. This kind 
of stoves includes an automatic ignition system, as well 
as fuel supply and temperature control. The fuel storage 
container, which consists in an internal hopper, can 
typically hold enough pellets for one day or more. These 
stoves also present fans in order to transfer the heat 
from the stove to the ambient and to force the exhaust 
gases into a vent. A good combustion can be achieved 
in these appliances also due to a good design of the 
primary and secondary air supplies. 

In contrast with wood stoves, in which the combustion of 
a batch never stabilizes and the combustion undergoes under different phases, pellet 
stoves allow the operation in steady conditions after the ignition and heating period of 
the firebox. Pellet heating systems are much less dependent on the operator 
behavior and, for that reason, they can achieve very low emissions and maintain the 
heat output. 

As disadvantages, both the pellet heating systems and their biomass fuels are 
usually more expensive than the batch mode combustion appliances. While most of 
the fireplace inserts and some wood stoves work without electricity, pellet stoves 
always need electricity to operate auger motors and fans. 

COMBUSTION BASICS  

In appliances operated in batch mode (such as  wood stoves and fireplaces), in 
which the fuel is placed in the firebox by the operator, factors such as the fuel and 
operating conditions are of great importance with respect to emissions. Since the 
substitution of the old type appliances by automatic devices (e.g. pellet stoves) is not 
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a measure of easy implementation, it is rather necessary to abate emissions by 
optimizing the fuel quality and operating practices.  

Combustion requires three elements, namely, a 
fuel, an oxidizer and a source of heat. If any of the 
elements is removed, combustion stops. In a wood 
stove, wood is the fuel, air is the oxidizer and the 
initial source of heat is usually the flame from a 
lighter. Understanding how wood burns, helps the 
wood stove operator to burn wood more cleanly, 
safely and efficiently.  

There are three main stages during the combustion 
of a batch of wood. The first one corresponds to 
the heating of the wood in which the moisture is 
evaporated. The heat is used to dry the wood and, 
for this reason, does not warm the stove or the 
room. 

After the wood has dried, the temperature 
increases and the second stage of combustion 
takes place. In this stage heat is produced due to 
the release and combustion of the volatile matter of 
the wood. High temperatures and sufficient oxygen 
are important to burn the gases released.  

Finally, when the volatiles are driven from the 
wood, the charcoal remains. The charcoal burning 
corresponds to the third stage of combustion in 
which additional energy is released. The charcoal bed will burn for a long time, 
allowing rekindled by adding a new batch of wood. 

OPERATION OF THE BURNING APPLIANCE  

Householders can exert considerable influence on the emission levels produced by 
their heating appliances. This is particularly true when the installations and the 
appliances are older. For appliances operated manually the key factors are the 
loading of the firewood, the firewood quantity and quality and the air supply. Besides 
fuel loading and reloading procedures, fire starting procedures, proper use of air 
controls and fuel selection. The effect of operating conditions on the PM emissions 
was studied within the European project AIRUSE (Fig. 7). 
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Figure 7 - PM emission factors for different burning conditions (S – split logs; NS – non-split 

logs). Results obtained within the European project AIRUSE. 

 

The operator should also ensure a proper installation of the burning appliance, 
including stack height and heater location, as well as maintenance procedures. The 
operating efficiency of a heating system depends not only on the design but is also 
influenced by the operation of the unit and maintenance. 

 

Maintenance 

Check the stove installation at least once a year to be sure that there is no hazard. 
The stove pipe, for example, is subjected to high temperatures, and must be checked 
and replaced when it appears to be corroding. The operator should check for cracks 
that can allow the smoke to leak and reduce the appliance efficiency and may also 
constitute health and safety risks.  

When burning wood, the formation of creosote is inevitable. Thus, every year the 
chimney must be clean to remove creosote deposits and reduce any safety hazards. 
Creosote is very flammable, if a periodic clean is not performed a thick coating is 
allowed to form and a chimney fire can occur. The condensation of tar and creosote 
in the chimney occurs when the hot gases released during the burning come into 
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contact with the cold surface of the chimney. In order to control the creosote 
formation, the operator should maintain a hot fire. The operator should, at least once 
a day, open the dampers for 15 to 30 min in order to burn off creosote in very small 
amounts. If the chimney is partially blocked with creosote the air flow through the 
combustion appliance slows and it is more difficult to start a fire and it will take more 
time to reach the adequate burning temperature in the firebox. Thus, higher smoke 
emissions are produced and less efficiency is achieved. Another consequence of 
having creosote in the flue is the smoke leakage into the room when the appliance 
door is open. Smoke spillage also occurs if ash builds up on top of the baffle plate.  

The ashtray should be empty out regularly. The removal of the ashes should be done 
when the fireplace is cold. Ashes should be placed in a metal container, taken 
outside away from all combustible materials and pending final disposal. Ashes may 
contain embers that stay hot for days releasing carbon monoxide. Good combustion 
conditions generate mainly white ashes. If the ashes have large amounts of 
unburned fuel and coal the operator should rethink the burning practices and check 
the heating system. 

 

Start a fire 

There are many ways to start a fire. Unlike traditional 
fire lays that require us to put tinder and smaller 
kindling at the bottom and larger fuel logs on the top, 
the upside down fire lay reverses the sequence 
allowing to reduce the smoke released during the start-
up phase.  

To build a fire with the traditional method, 
scrunched up newspaper, pine-cones or 
kindling sticks are placed across the bottom of 
the firebox. The fire is ignited with a lighter 
and the fuel load is put on the very top. The 
householder must ensure that the stove is set 
to allow the maximum amount of air in.  

The top-down fire starting method has been 
shown to decrease particle emissions to less 
than half when compared with the common 
technique of lighting from the bottom. The 
bottom-up kindling causes the simultaneous 

Top-down fire starting method 

 

1. Place 2-3 logs in the middle of the 
firebox 

2. Place a fire starter on top of the logs. 
The fire starter can be cracked pine cones 
and finely split kindling. 

3. Fully open the air dampers. 

4. Light the fire starter. 

5. Close the door. 

 

Flammable liquids such as 
gasoline, kerosene, etc., must 
never be used to start a fire. 

These might lead to an 
explosion or uncontrollable 

fire. 
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firing of the entire batch of fuel, leading to high combustion rates and therefore lack 
of oxygen in the firebox, which results in incomplete combustion. On the other hand, 
the top-down ignition promotes a gradual burning of the firewood, resulting in lower 

emissions. At the start of firing, it is important to ensure sufficient oxygen in the 
firebox. Thus, the air dampers should be sufficiently opened.  

 

Attention must be paid as regards the fuel used to start a fire. When the firebox is 
highly loaded with finely split pieces of wood, compaction of the firewood may occur. 
The air cannot reach all the pieces and the ignition may be delayed. On the other 
hand, if the logs used are too big, difficulties in lighting the fire are felt. Larger pieces 
of wood make it difficult to kindle because they have larger surface areas.  

Excessive smoke from a chimney is sign of poor 
combustion. Smoke may be visible when the fire is 
started, but during the remaining period of burning, 
the flue gases should be almost invisible. To 
minimize the amount of smoke when starting the fire 
it is necessary to create the drafting conditions 
necessary to maintain clean combustion. To create the draft, the chimney must be 
preheated. Typically, preheating takes 5-15 minutes of vigorous burning.  

Fuel selection 

To start a burning, the use of softwoods is recommended 
since they enable an easy kindling, ignite easily, burn 
fast and will heat the firebox and flue quickly. Hardwoods 
are denser and take longer to ignite, but burn slower and 
more evenly, generating less smoke. They also provide 
more heat energy than softwood logs of the same size.  

Do not burn  

 Plastics,  
 Painted or treated 

wood, 
 Plywood,  
 Particle board,  
 Household garbage. 

 

 

 

 

 

 

Bottom up  

vs  

Top down  

A properly burning is hotter 
and produces less smoke. This 

results in more heat for less 
money. 
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The householder should never burn plastics, painted or treated wood, plywood, 
particle board, household garbage (e.g. plastic bags), etc., because the toxic 
chemicals released during the combustion of these materials are harmful to human 
health and can also damage the burning appliance. 

Fuel Batch 

The stove should not be overloaded. There must be 
enough space for the air to move down the glass and 
into the base of the fire. This means at least 5 to 10 cm 
between the front of the logs and the door. There must 
also be space over the top of the fuel load to allow 
flame to develop and burn off the gases released from the wood. If the gas and air do 
not mix together until they reach the flue, they are too cool to ignite and all the gas 
escapes unburnt, condenses into droplets of tar and causes lots of smoke. 

A large batch of wood increases the amount of gases released from the wood, which 
leads to lack of air in the firebox. Instead of using large loads of fuel, the operator 
should reload smaller amounts of fuel at shorter intervals. 

The size of the firewood pieces also affects the combustions efficiency and the 
smoke levels. The use of split wood arranged loosely allows the air to pass between 
the empty spaces. If the logs are not split and are in a compact pile in the firebox 
there are fewer spaces for the air to penetrate 
the load causing incomplete combustion. Split 
the logs allows to burn cleaner because more 
surface area is exposed to the flame. Smaller 
split logs should be used to start the burning, 
and larger logs only when the fire is well 
established. Smaller logs enable a rapid 
release of gas and so more flame and a hotter 
fire. This allows warming quickly the flue and 
thus more air is drawn to the appliance due to 
the natural draught that depends on the 
temperature difference between the gas in the 
flue and the outside air. Note that if too little 
kindling is used when lighting, or if the wood is 
too thickly cut, the firebox will not reach the 
correct operating temperature. Incorrect 
lighting can lead to poor combustion with 
heavy sooting and may result in the fire going 
out when the door is shut. Larger logs have less surface area, and thus, the release 
of gases from the firewood is slower.  

The use of big loads of fuel 
leads to high emissions and 
can damage the combustion 

appliance. 

Correctly sized wood 

 

Kindling wood: Finely chopped wood 

Length: 20-25 cm  

Diameter: 3-4 cm  

Weight per lighting: 1.5 kg (approx. 12-15 
finely chopped pieces)  

 

Feeding Wood: Chopped wood  

Length: 20-25 cm  

Diameter: 6-7 cm  

 

Normal weight: 1.0 kg/hour (1-2 logs per 
load)  

Max weight: 1,5 kg/hour (1-2 logs per load) 
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Modern burning appliances draw their main combustion air supply down the inside of 
the glass on the door. This constant supply of clean air helps prevent creosote 
staining the glass. If a large log is inserted parallel to the door it will stop this air 
supply getting into the base of the fire.   

 

 

 

 

 

Oxygen supply 

In domestic batch fired wood burning appliances, the amount of combustion air 
entering through the grate of the firebox controls how fast the fuel burns (fuel burn 
rate). Insufficient combustion air causes incomplete combustion and higher smoke 
emissions with formation of incomplete combustion products. In these conditions, the 
stove burn inefficiently, which leads to an increase in the wood consumption. 

The fuel burn rate and the heat output are related to the amount of combustion air. 
High heat output can be achieve by allowing more combustion air into the firebox and 
having sufficient heat exchange area to let the heat out and into the room. 

The operator should avoid burning in smouldering conditions (i.e. slow burning 
conditions). This condition can be achieved by shut off completely the combustion air, 
when the operator make the fire burn for several hours on one load of firewood, or by 
using high fuel loads and restricting the entry of combustion air. A smouldering fire 
does not get hot enough to burn the volatile gases released by the wood and 
creosote will form quickly. In fact, when hearth or woodstove fires smoulder, 
unburned gases condense and deposit on the stovepipes and the flue as runny acids 
and liquid tars that harden into creosote. Both a cool flue and steam from green or 
wet wood encourage this condensation. On the other hand, the operator should also 
avoid too fast burning conditions, which contribute to oxygen deficit in the firebox.  

After kindling or refuelling the appliance, the air necessity is high. Thus, during at 
least 15 minutes, the operator should ensure that the air supply is enough. When a 
good fire is established, the amount of air can be reduced depending on the heating 
requirements. 

 

Split Logs 

vs  

Non-split Logs 
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Refuelling 

In order to maintain a clean burn, the stove should be refuelled frequently and before 
the previous load is completely consumed to avoid cooling of the firebox. Refuelling 
should always be performed in a hot stove, i.e. an existing bed of embers. 

A new batch of fuel should be added after the fire has burned down to charcoal, but 
before the charcoal has burned out. After refuelling the appliance high concentrations 
of smoke are produced and the operator should fully open the air dampers for the 

stovepipe and flue heat up. This 
allows establishing the flame 
quickly and the first stage of 
combustion is shortened. This 
also leads to an increase in the 
draft and prevent smoke from 
coming out into the room. At this 
stage, the oxygen availability in 
the flue gas and sufficiently high 
temperatures in the combustion 
chamber provide acceptable 
burnout conditions. Once the new 
wood has caught fire and is 
burning briskly, the air controls 
can be readjusted to the desired 
setting. 

Using smaller pieces of wood during reloading 
encourages rapid reheating of the chimney. Placing 
pieces of wood in parallel directions should be 
avoided because they may stack too closely. The 
wood should be placed in different positions in the 
firebox in order to maximize the exposed surface 
area of each piece. Only wood properly sized for the 
stove’s firebox should be used.  
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Refuelling 

 

1. When only charcoal remains in the firebox (glowing 
embers), add a new batch of wood. 

2. Fully open the air dampers. 

3. Unlock the door for 2-3 minutes to activate the 
remaining charcoal. 

4. Rake the remaining pieces of hot charcoal forward 
to the front center of the firebox. 

5. Open the door and add 2-3 logs. 

6. Hold the door closed, without locking it, until a flame 
is established. 

7. Lock the door and keep the air control fully open for 
the first 15 - 20 minutes. 
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