
 

 

 

Abstract.  As the price of fossil energy resources and the need to 
reduce the environmental impacts from energy use increase, 
biomass fuels have regained interest from Québec’s agricultural 
sector because of their renewability and overall zero carbon dioxide 
production. However, the current absence of emission factors for 
solid fuel combustion does not allow a sustainable development for 
energy purposes. The variety of existing furnaces complicates the 
establishment of such reference values. Besides the combustion 
technology used, the fuel characteristics also influence the quality 
and quantity of pollutants released to the atmosphere. If fuel size and 
density affect the combustion efficiency, the species, harvest date 
and conditioning have an effect on biomass chemical composition. 
Therefore, the objective of this paper is to describe the theoretical 
impact of biomass characteristics on both the chemical composition 
and gaseous emissions. The main findings are: 1) species containing 
less nitrogen, chlorine and sulphur emit lower quantities of nitrogen 
oxides, hydrogen chloride and sulphur dioxide; 2) the biomasses 
harvested in spring instead of fall have lower nitrogen, chlorine, and 
sulphur concentrations but higher carbon concentrations; 3) 
torrefaction increases carbon content; 4) small biomass particles 
allow an optimal combustion. 
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Introduction 
As the price of fossil energy resources and the need to reduce the environmental impacts from 
energy use increase, biomass fuels have regained interest (Brodeur et al., 2008). Consequently, 
Québec’s agriculture has the will to introduce energy crops (e.g. willow, miscanthus, 
switchgrass, and red canary grass) for energy purposes such as on-farm combustion. However, 
the current absence of emission factors for agricultural fuels does not allow a sustainable 
development of combustion process (Godbout et al., 2012). Actually, the legislation on air 
quality restricts their use in boilers < 3 MW (MDDEP, 2012). Although Godbout et al. (2012) 
demonstrated that gaseous emissions are similar between wood, willow and switchgrass and 
between reactor capacities (17, 293, and 1000 kW), more work should be done on emissions 
from biomass combustion. Some studies (Obernberger, 1998; van Loo and Koppejan, 2008; 
Vassilev et al., 2010) have revealed how physical and chemical characteristics may affect the 
exit gas composition. Besides, these properties can be influenced by pre-treatment, specie, and 
harvest date. Therefore, the objective of this paper is to describe the impact of biomass 
characteristics on gaseous emissions. 

Gaseous emissions during biomass combustion 
The process of biomass combustion involves a number of thermochemical processes of high 
complexity (van Loo and Koppejan, 2008). Combustion occurs when air and fuel are mixed 
together and the ignition temperature is reached. If complete combustion is achieved, carbon 
(C) and hydrogen (H) are oxidized to carbon dioxide (CO2) and water (H2O), respectively, 
producing energy as heat at elevated temperatures (Demirbas, 2009). Other compounds are 
also released from a complete combustion: nitrogen oxides (NOx), nitrous oxide (N2O), sulphur 
oxides (SOx), hydrogen chloride (HCl), and heavy metals. However, gaseous emissions from 
biomass combustion could be influenced by several factors, e.g. a lack of oxygen (O2), an 
inadequate mixing of air and fuel in the combustion chamber, a low combustion temperature, 
and a short residence time. Such factors can lead to the formation of incomplete combustion 
compounds including carbon monoxide (CO), methane (CH4), non-methane volatile organic 
components (NMVOC), polycyclic aromatic hydrocarbons (PAH), particulate matters (PM), and 
ammonia (NH3). These pollutants have undesirable effects either on climate, environment, or 
health (van Loo and Koppejan, 2008). 

Impact of fuel characteristics 
The whole process of thermal utilization of biomass (fuel supply, combustion system, solid and 
gaseous emissions) is influenced by the physical characteristics (particle size, bulk density, 
moisture content, gross calorific value (GCV)) and the chemical composition of the solid biofuel 
used (Obernberger et al., 2006). Besides, these properties can be affected by pre-treatment 
(grinding, drying, compression, torrefaction), specie, and harvest date (Kargbo et al., 2009). 

Fuel size and density 

Depending on the processing technique used, biomass can appear under different shapes and 
sizes: gross material, bales, briquettes, or pellets. Compression of chopped biomass into bales, 
briquettes, or pellets has the advantage to increase bulk and energy density (Table 1). It also 



 

 
 

improves physical homogeneity and ease of handling (Prochnow et al., 2009). Generally, it is 
assumed that smaller particles improve combustion efficiency and reduce pollutant emissions 
(Saidur et al., 2011).  

 

Table 1. Bulk density, energy density, and storing volume of grass biomass (Prochnow et al., 
2009). 

 Bulk 
density 

(kg m-3) 

Energy 
density 

(GJ m-3) 

Storing 
volume 

(m3 GJ-1) 

Chopped grass 20 – 70 0.34 – 0.85 1.18 – 2.94 

Large round bales 80 – 150 1.36 – 2.55 0.39 – 0.74 

Large square bales 140 – 170 2.38 – 2.89 0.35 – 0.42 

Compact bales 200 – 300 3.40 – 5.10 0.20 – 0.29 

Briquettes, pellets 350 – 500 5.10 – 10.20 0.10 – 0.20 

  

Moisture content 

Moisture content is a measure of the amount of water in a solid biofuel. It can greatly affect the 
burning characteristics since moisture within the biomass will absorb heat by vaporization and 
thus reducing the heating value of the fuel. Consequently, there is less heat to drive the 
pyrolysis reactions (Chaney, 2010). Therefore, high moisture content can lead to poor ignition, 
lower combustion temperatures, and significant products of incomplete combustion (Werther et 
al., 2000). 

Gross calorific value 

The standard measure of the energy content of a fuel is its heating value, sometimes called the 
calorific value (Jenkins et al., 1998). It is defined as the amount of heat evolved when a unit 
weight of fuel is completely burnt and the combustion products are cooled to 298 K. When the 
latent heat of condensation of water is included in the calorific value it is referred to as the gross 
calorific value (GCV) or the higher heating value (HHV). GCV is strongly influenced by the 
chemical composition of the biomass since the content of C and H contributes positively and the 
content of O negatively (Chaney 2010, Obernberger et al., 2006). Due this possible correlation 
between elements and GCV, efforts have been made for establishing empirical formulas (van 
Loo et Koppejan, 2008), as 
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 (Eq. 1)  

where the GCV (MJ kg-1) is expressed in function of the Xi
 which represent the contents of C, H, 

sulfur (S), O, nitrogen (N), and ash (% of total mass d.b.).  



 

 
 

Chemical composition 

Correlations would also exist between elements (N, chlorine (Cl), and S) and gaseous 
emissions. Some studies (Johansson et al., 2004; Leckner and Karlsson, 1993; Obernberger, 
1998) revealed a strong dependency between the N content of the fuel and the formation of NOx 
during combustion. All tends to believe that an increase of fuel-N results in higher levels of NOx 
into the atmosphere (Carvalho et al., 2007; Demirbas, 2004). Cl in biomass is responsible for 
the formation of gaseous HCl and PM. The former intervenes in the formation of dioxins and 
furans. The content of S in the fuel is related to the emission of SOx (Lewandowski and Kicherer, 
1997; Obernberger et al., 2006). The limit values for unproblematic thermal utilization of 
biomass are given in Table 2. 

 

Table 2. Guiding values for elements in biomass for unproblematic use (Obernberger et al., 
2006). 

Chemical 
element 

Guiding 
concentration in 

fuel (% b.s.) 

Limiting 
emissions 

N < 0,6 NOx  

Cl < 0,3 HCl 

S < 0,2 SOx 

 

Since the chemical content of solid biofuels influences the composition of emissions, it is 
interesting to take a look to the different biomass species. Launhardt and Thoma (2000) 
affirmed that there could be a significant difference in pollutant emissions between woody and 
herbaceous biofuels. The latter are known to have higher contents of N, Cl, and S (Table 3), 
contributing to more NOx, HCl, and SOx emissions (Glarborg, 2007; Nussbaumer, 2003). 

Delayed harvest (late winter or early spring) is another parameter that can have an important 
impact on chemical composition and thus on gaseous emissions. This agricultural strategy 
improves the combustion quality by reducing moisture content and by leaching undesirable 
biomass components like N, Cl, S, and ash (Hadders and Olsson, 1997; Lewandowski and 
Heinz, 2003). These reductions would be the result of the proportion of stems increases and of 
leaf biomass decreases with senescence as the crop ages since higher nutrient concentrations 
are found in the leaves than in the stems (Prochnow et al., 2009).  

Torrefaction also influence chemical composition as Bridgeman et al. (2008) revealed an 
increase of carbon content, whilst decreases were observed in H and O content.  

Future experiments 
In order to quantity the influence of specie, harvest date, and size, experimental tests will be 
held at the new laboratory on energy of the Research Institute for the Agri-Environment (IRDA) 
on the site of the “Centre de recherche en sciences animales de Deschambault “ (CRSAD) 
during winter 2013. One hundred and twenty (120) combustion experiments are planned with 
five (5) energy crops (wood, willow, miscanthus, switchgrass, and reed canary grass) harvested 
either in fall or spring. The solid fuels will be burned as pellets, briquettes, or chopped material. 

 



 

 
 

Table 3. Chemical composition of different woody and herbaceous biomasses 

 

Conclusion 
Climate change and rising of energy cost are incentive to the development of new green 
technologies using renewable resources. Among those, direct combustion of biomass fuels is a 
good way to produce a sustainable energy. Recently, the interest for agricultural biomass in 
replacement of fossil fuels has increased. The use of such biomasses as fuel is a good way for 
farmers to exploit their marginal lands, to diversify their incomes and to produce sustainable 
energy on the farm in order to be independent of fossil fuels. However, in the province of 
Quebec (Canada), combustion of agricultural biomass in stoves < 3 MW is prohibited due to 
lack of knowledge on gaseous emissions. In fact, the process of biomass combustion involves a 
number of physical and chemical aspects that can influence gaseous emissions. Smaller 
particles, lower moisture contents, high GCV, low contents of N, Cl, and S, delayed harvest, and 
torrefaction tend to decrease pollutant emissions. Future experiments at IRDA should verify 
these statements.   
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