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Abstract. Biomass emerges as a valuable alternative to 
traditional energy sources, especially in its improved form 
through torrefaction or gasification technologies, which allow 
the use of products and byproducts of poor quality, particularly 
cleaning waste from forest industries, as well as agricultural 
byproducts. Torrefaction, being still an emerging technology, is 
assumed as a future possibility, especially if associated with 
other industries already existent in the energy sector, such as the 
wood pellets industry, which can work as a complement and 
contribute for their development. This technology will also 
allow the use of increasingly larger proportions of biomass in 
thermal power plants, since the fuels produced have properties 
very similar to coal, and can be easily mixed, so additional 
investments are not required for its use in power plants. Hence, 
the main objective of this paper is to demonstrate that the 
production of torrefied biomass pellets in wood pellets 
production facilities is possible without needing to make 
changes or investments, other than those necessary for the 
installation of biomass torrefaction units, with significant 
advantages to industrial plants, improving also energy 
sustainability by reducing energy costs. The possible use of 
these fuels for electricity production in Portugal allows 
reducing imports of fossil fuels. 
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1. Introduction 
 
The permanent search for new forms of energy that 
enable the satisfaction of growing demands of today's 
societies has led to the development of new technologies 
that allow the use of other fuels as an alternative to 
traditional forms. In this context, biomass emerges as a 
valuable alternative to traditional energy sources.  
 
The installed capacity in Portugal for the production of 
energy from biomass increased slightly until 2009, year 
after which a significant increase started due to 
significant investments in biomass power plants [1]. 

In terms of impact of demand for biomass, cogeneration 
plants, typically installed in forest-based industries such 
as pulp and paper industries or wood paneling, use its 
wastes to produce electricity and heat, which is generally 
used in its manufacturing process. The biomass power 
plants, on other hand, use forest waste [2, 3]. 
 
In addition to the direct production of energy, there is 
another extremely important factor for the biomass 
sector. It’s the production of wood pellets, which are both 
used as fuel for heating and for producing electrical 
energy, often in co-firing with coal [4]. 
 
Currently there are 18 companies producing wood pellets 
in Portugal, some of which have annual production 
capacity of over 100,000 tons. In 2008, the annual 
production capacity of wood pellets was approximately 
400,000 tons, but with the opening of new large units 
between 2009 and 2012, domestic production exceeded 
1,200,000 tons, destined mainly for export to northern 
European markets and used mainly in electricity 
production [5, 6]. 
 
Co-firing fossil fuels (especially coal) with biomass 
corresponds to the biomass burning combined with coal 
in proportions that can reach 15%, allowing the use of the 
installed systems. Tests showed that without heavy 
alterations it’s possible to get up to 15% of total energy 
from biomass adapting only feeding systems and burners 
[7]. To obtain higher proportions of biomass, using the 
installed systems without making changes, it’s necessary 
to upgrade biomass processing by using, for instance, the 
torrefaction [8]. 
 
Torrefaction has been practiced as an effective pre-
treatment for wood preservation and for improving its 
physical properties. A number of studies have been 
conducted in recent years, focusing on the torrefaction 
performance of both forest and agricultural biomass 
residues, but also with other wood forms [9].  



Very few studies have been reported in the literature on 
how to make torrefied biomass pellets, following the 
same procedures of making regular wood pellets from 
woody raw materials.  
 
Hence, a systematic study is carried out in this paper on 
how to produce torrefied biomass pellets in regular 
pelletizing equipment, the same used to produce 
conventional wood pellets. Moreover, the possibilities of 
using torrefied biomass pellets in co-firing actions with 
coal in thermal power plants is also investigated, in order 
to analyse the feasibility of its industrial production. 
Accordingly, this paper handles issues related to 
electrical energy and environment, in the use of biomass 
for electricity production. 
 
2. Biomass Torrefaction 
 
Electrical and thermal energy producers are increasingly 
interested in the use of biomass as fuel [10]. However, 
until now, biomass has three major constraints that 
prevent its use more rapidly and on a large scale in the 
generation of electric and thermal energy [11]: 

1) Biomass has high transportation and storage 
costs, due to its low energy density and its 
natural capacity to absorb moisture; 

2) Biomass has some physical characteristics that 
need to be improved for its use in co-firing, such 
as their tendency to absorb moisture, the 
necessity of grinding and its combustion 
properties. To correct these aspects major 
investments are needed in the units where  
co-firing of biomass and coal will be performed; 

3) Existing boilers in electrical and thermal power 
plants can only use a limited quantity of biomass 
in co-firing with coal. This affects significantly 
how the amortization of the investments made to 
enable the co-firing of biomass with coal will 
occur. 

 
The torrefaction process is used to produce high quality 
solid biofuels from low quality biomass feedstock [12].  
It involves heating the biomass to a temperature between 
250 and 300°C in an inert atmosphere, i.e. free of 
oxygen. When the biomass is heated to this temperature, 
moisture and other volatile low calorific compounds are 
forced out. Then a process known as de-polymerization 
begins, where the hemicellulose constituent of biomass is 
decomposed and divided into smaller polymers, 
transforming biomass into a product with similar 
characteristics to coal [13]. 
 
The torrefaction process of biomass is very flexible for 
the acceptance of biomass forms used as raw material, 
allowing the use of materials of low value, and virtually 
enabling any type of biomass from forest cleaning or 
agricultural residues to be classified as a raw material for 
the torrefaction process [14]. 
 
Torrefied biomass immediately presents three major 
advantages over conventional forms of biomass [15]: 

1) Heating value (energy per weight unit) increases 
considerably; 

2) Torrefied biomass is easily grinded and 
compressed, forming a product with high energy 
density; 

3) Physical properties of torrefied biomass, such as 
durability, uniformity and hydrophobic 
behaviour, improve significantly, while the 
biological activity is reduced. 

 
Using torrefaction and subsequent densification, the 
energy density of biomass (GJ/m3) may increase up to 
70%, which allows very significant savings in 
transportation and storage of biomass between the 
production and consumption locations [16]. 
 
Using torrefied biomass, existing power plants avoid the 
need of investments, which would be necessary in case of 
using conventional biomass co-firing with coal [17]. 
 
Biomass not processed by the torrefaction process, such 
as wood pellets, requires additional investment in 
infrastructure for loading, storage (e.g. silos, as the wood 
pellets cannot be stored in an open park, such as coal, due 
to its water absorption capacity), supplying systems and 
grinding.  
 
However, torrefied biomass can be processed exactly the 
same way as coal, since their physical properties 
resemble, and even be stored outdoors [18]. 
  
Thus, torrefied biomass may be indeed mixed with coal 
in much higher proportions than unprocessed biomass, 
such as wood pellets, which are used in mixtures of 
approximately 5 to 10%, whereas torrefied biomass may 
reach 50-80% [9].  
 
3. Torrefied Biomass Pellets Production 
 
In order to test the feasibility of torrefied biomass pellets 
(TBP) production in industrial and continuous 
environment in already existing wood pellets production 
conventional units, a first small scale TBP production test 
was carried out with the purpose of determining the 
optimal physical parameters for the process, such as 
particle size, moisture content, temperature in the 
pelletizing chamber, raw material and finished product 
density. 
 
Thus, 50 kg of torrefied biomass, initially in the form of 
wood chips (Figure 1), was grinded to a certain 
dimension that could be pelletized. 
 
Afterwards, the grinded material has been introduced 
manually into the pelletizing chamber of a Muench 
Edelstahl 420 RPM equipment, collecting the TBP 
produced (Figure 2). 
 
In order to reach a stable temperature inside the 
pelletizing chamber, the equipment worked for two hours 
with sawdust. After this period, the pelletizing chamber 
and matrix was cleaned using a mixture of sawdust  
and vegetable oil. The TBP produced (Figure 3) were 
collected and analysed, obtaining the results shown in 
Table I. 



 
 

Fig. 1.  Torrefied biomass woodchips with an average 
size of 15x10x5 mm. 

 

 
 

Fig. 2.  Torrefied biomass pellets (sample 1). 
 

 
 

Fig. 3.  Torrefied biomass pellets (sample 2). 
 

TABLE I. – Properties of torrefied biomass pellets 
 

Moisture content < 4 % 
Ash content < 1,5 % 

Low Heating Value 24 MJ/kg 
Bulk density 780 kg/m3 

After the initial characterization of the raw material 
(torrefied biomass in the form of wood chips) and the 
obtained TBP, the preparation of a larger sample was 
carried out in order to test the TBP production in already 
existing wood pellets facilities.  
 
This test has been performed by introducing the raw 
material (torrefied biomass in the form of wood chips) at 
the very beginning of the conventional production line. 
 
The production line that was used in the assay consists of 
the following steps: raw material reception with suction 
unit, grinding, silo loading, auger supplying equipment, 
pelletizing equipment, cooling silo and finished product 
silo. In this unit, the transportation of raw materials and 
finished products is made pneumatically. 
 
During the test, 500 kg of torrefied biomass were 
processed continuously with the parameters shown in 
Table II. 
 

TABLE II. - TBP industrially produced 
 

Moisture content < 6 % 
Ash content < 1,5 % 
Low Heating Value 23 MJ/kg 
Bulk density > 750 kg/m3 

 
During the continuous production process the 
temperature inside the pelletizing chamber reached 
permanently 94ºC, even with continuous addition of 20% 
of humidity, because the effort required to work between 
the rollers and the matrix is greater than in the case of 
sawdust, because with torrefied biomass works with 
smaller particles, which causes more friction. 
 
The differences found between TBP produced manually 
and industrially are due to the addition of water. 
 
In the grinding process for raw material preparation, a 
large amount of fine powder was produced. This powder 
has a very low flash point, which significantly increases 
the risk of explosion and fire, mainly in the pelletizing 
chamber. 
 
4. Conclusion 
 
Biomass torrefaction removes moisture and low energy 
volatiles from the roasted wood, producing a product that 
is more energy dense than wood, almost as dense as coal, 
and easier to grind. It also has a number of other 
desirable characteristics such as higher bulk density, 
hydrophobic behaviour and increased durability. Since 
torrefied wood pellets have a higher energy density than 
wood pellets, torrefied pellets are more economical to 
transport than units of green wood or wood pellets with 
similar total energy content. Torrefied biomass pellets are 
also more durable than green wood or wood pellets 
because they are moisture resistant and can be stored 
uncovered, similarly to coal.  Thus, when compared to 
green wood or wood pellets, torrefied wood can be 
transported cheaper, farther and with less environmental 



impact from transportation operations. The integration of 
torrefied wood into existing coal-based thermal power 
plants requires no upfront capital investment.  Thus, 
torrefied wood provides existing coal burning utilities the 
ability to produce clean, green, carbon neutral, renewable 
energy with no upfront cost and no lengthy conversion or 
start-up time. Torrefied wood also has an insignificant 
amount of sulphur and is low in ash. Torrefied wood is 
globally recognized as a renewable, carbon-neutral 
source of energy. Thus, it qualifies for subsidies currently 
in place in several EU countries (most notably in 
Belgium and the Netherlands), as well as the renewable 
portfolio standards adopted by numerous states in the 
United States (exactly twenty-seven, according to the 
United States Department of Energy). As a result, coal 
power plant operators can obtain subsidies and satisfy 
renewable energy requirements by incorporating torrefied 
wood into their production process. After the production 
of TBP in a wood pellets production conventional unit, it 
can be concluded that the upgrade of the existing 
conventional units is possible, being only necessary 
additional investments in the torrefaction units and 
interconnection with the pellets production unit. Thus, 
the production of TBP, after the upgrade of the pellets 
production units in Portugal, may indeed be an 
alternative for the sustainable development of the sector, 
which will acquire the capacity to provide fuels that 
could be used in co-firing with coal in thermal power 
plants, contributing significantly to reducing fossil fuel 
imports, while contributing also to the national economy 
and creating new jobs in forest industry in Portugal. 
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