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Abstract: The heating value of coal is necessary for its usage in power generating. This is tested 
experimentally, although theoretical models have been used to forecast the heating value; either 
lower heating value or greater heating value. The same approach has been used to biomass, which is 
being promoted as an alternative for coal or as a co-fired fuel. Biofuel production was seen as a 
significant countermeasure for lowering anthropogenic CO2 emissions, removing the worsening 
greenhouse effect in the atmosphere, and slowing global warming. Thermochemical conversion is 
thought to be the most effective method of generating biofuels from biomass, with the least potential 
for global warming. The torrefied biomass is used for making biomass material into a useful energy 
and it also enhance the property of that material by torrified it.  
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1.  Introduction  
Torrefaction of biomass has gained widespread 

attention. For instance, it can be used to replace coal in the 
production of steel or to work with coal in a precise ratio 
of co-firing with biomass to reduce emissions1–3). Biomass 
torrefaction has been the subject of numerous articles, but 
this study attempts to approach it from a different 
perspective by highlighting different torrefaction 
components and how they relate to other technologies, as 
well as by illuminating the chemistry that underlies its 
operations and byproducts4–6). It is safe to say that a lot has 
changed with the technologies utilized in the process. 
There is a change in attention to raw biomass and how it 
is analysed, along with the different analyses conducted to 
derive useful information about the biomass 
characteristics7,8). Different types of reactors are in use, 
but there is no favoured one because they all have pros and 
cons9)10). There are no substantial variations between them, 
thus it's the procedure that's the focus, rather than the 
reactor itself11,12). The main output of the process 
determines its efficiency and how it might be used with 
other technologies. Current biomass torrefaction methods 
include co-firing with coal, as well as pre-treatment for 
pyrolysis and gasification13–15). The technique has not yet 
achieved its full potential because to the varied forms of 
biomass in different nations, but it is believed that it will 
with the growing need for renewable energy sources16–18). 
The preliminary dye application is imperative the 
advanced it is, the worse the removal value19,20). 

 

2.  Biomass 
Plants and animals that are alive or have been dead for 

a brief length of time might be considered biomass21,22). 
By converting atmospheric carbon dioxide into 
carbohydrates, plants produce biomass23–25). In the process 
of eating these botanical or other biological species, biota 
will multiply and contribute to the biomass chain to 
convert CO2 into glucose and release O2 as a waste 
product, green plants break down water in the presence of 
visible light, particularly in the blue (425–450 nm) or red 
(600–700 nm) wavelength ranges. This process is called 
photosynthesis26–28). 
 
2.1  Conversion of biomass 

The biomass basically divides into three types of 
products as show in in Fig. 1. 

 
2.2 Gaseous products 

Gasification, a thermochemical process that exposes 
biomass to high temperatures and little oxygen, can be 
used to turn biomass into gaseous compoundsc29–31). 

As a first step, the biomass char (C) is burnt in order to 
create CO2, CO gases, and HO. As a result, gasification 
reactions take place in line with the reactions that have 
taken place32–35). 
 
2.3 Liquid products 

There are several methods that may be used to turn 
biomass into liquid products like biodiesel or bio-oil33,36). 
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Fig. 1: Conversion of biomass 
 

biomass into liquid products like biodiesel or bio-
oil37,38). In the processes described below, pyrolysis 
generates charcoal, bio-oil, methanol, and gases from 
wood or coal39,40). A common mixture of gases generated 
by pyrolysis is a mixture of CO2, H2O, CO2, and CH4. 
Water, tar, and moisture combine to form bio-oil (tar is a 
mixture of complex hydrocarbons)41). This process 
happens between 300 and 7000 °C, although it may also 
occur between 200 and 1000 °C. 
 
2.4  Solid products 

Fuels like coal may be made from biomass through 
carbonization and torrefaction, and then burnt directly to 
create heat and electricity42–44). As well as liquid products, 
there are also gaseous products, which may be classified 
into permanent and condensable. Permanent gases include 
CO2, CO, and so on, while condensable gases include H2O, 
acetic acid, and so on45,46). Thermal decomposition takes 
place at temperatures ranging from 200°C to 3000°C. 
 
3.  Torrefaction 

Turfing was invented to enhance its characteristics so 
that they would equal coal's. s47–49). It takes a lot of water 
to prepare coal for use in power production, and this 
valuable resource is becoming increasingly rare50–56). 
Nonrenewable coal has been replaced by renewable 
resources to continue our industrial advantages57). Coal is 
a nonrenewable resource. Observable verity causing the 
cells can soak up plenty carbon in favor of metabolism58,59). 
The demand for electricity is rising as more and more 
nations promote renewable energy sources and switch to 
electric vehicles. The use of solar electricity, wind power 
and biogas for illumination is becoming more popular 
amongst some individuals. In energy generation and 
metallurgical uses, coal must be substituted. Alternatively, 
a torrefied biomass can be used in this situation. Coal on 
the other hand releases harmful gases when burnt. 
 
3.1 Torrefaction analysis 

Torrefaction typically requires raw biomass that has 
been dried and nitrogen gas to create an inert 
environment50,60). However, it has been shown that 
biomass torrefaction in inert circumstances delivers the 
greatest results. In order to compare biomass to coal, it can 
be characterized61). There will be a discussion of the 
various analyses presently as shown in Fig. 2 
 

Fig. 2: Analysis of torrefaction  
 
3.2  Proximity analysis 

Wetness (MC), Ash, Volatile Matter, and Fixed Carbon 
are all measured using the standard test on a sample of 
biomass that has been dried and ground. These studies on 
coal have not been carried out for a very long time, and 
they provide a great basis for assessing how biomass, 
whether raw or torrefied, compares to coal in terms of 
energy output62). This material was calculated using a 
variety of formulas, including  

 
% MC = percentage of mild carbon 
% ASH = mass of residue/ initial mass of sample X100 
%VM = mass loss due to VM/initial dry mass of sample 

X 100 
% FC = (%MC + % ASH + %VM) 

 
3.3  Ultimate analysis 

While biomass and coal contain mineral stuff as well, 
the major chemical components found in biomass and coal 
include carbon and hydrogen (O). Chemometric analysis 
is essential for estimating biomass material balance and 
calorific value. ASTM E870-82 (2013) is used for the final 
examination of wood fuel (ASTM, 2019d). Methods for 
calculating elements i.e. carbon, hydrogen, nitrogen and 
sulphur (CHNS) are described in this standard. There are 
several tests that may be performed in order to find out 
what the elemental condition of biomass. 
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3.4  Calorific value of raw biomass 

A fuel's calorific value is the quantity of heat generated 
when a fuel (such as coal or biomass) is entirely burnt at 
the condition of combustion products63). Typically, it is 
reported at two distinct temperatures, which are 25°C and 
1000°C, respectively. 

 
3.5  Correlations of biomass calorific value 

It is possible to adapt the conventional coal testing 
procedures to biomass if analytical equipment is not 
readily available. Temperature values for biomasses can 
also be calculated using correlations built over time64). A 
few assumptions found in the literature may be utilized to 
estimate the calorific value of coal using Dulong's 
equations65). 

 
3.6  Technologies of torrefaction 

There are various types of technologies such as rotating 
drum reactor, Affecting bed reactor, Screw conveyor 
reactor, oscillating bed reactor, tarbed reactor, turbo dryer 
and micro reactor as shown in Fig. 3. 

The business of producing heat and electricity from 
sustainable biomass sources is expanding, and as a result, 
the world market for biomass, particularly biomass pellets, 
has grown significantly pellets50,66). Lingo cellulosic 
biomass is less homogeneous and has lower bulk and 
energy densities than traditional fuels. Torrefaction and 
other thermal pre-treatment methods are applied to 
enhance the fuel characteristics of biomass, i.e. lesser 
content of oxygen and water in the fuel, better storage and 
milling properties67). “The process of torrefaction involves 

roasting biomass at temperatures between 240 and 320 °C 
in an atmosphere with little to no oxygen.  

Torrefaction produces a product with low O/C and H/C 
atomic ratios by removing low molecular weight volatiles 
and moisture from biomass. Due to the heat breakdown of 
the biomass polymers, specifically hemicellulose, lignin, 
and cellulose, the mechanical properties of the fibres are 
changed after thermal treatment, causing the fibres to 
become brittle and partially hydrophobic. To enhance the 
handling characteristics of torrefied biomass, torrefaction 
is sometimes combined with palletization or briquetting 
processes.68–70). The method that produces the biofuels 
effectively is laptolyngbya71,72). The objective is to 
produce a long-lasting, water-resistant energy carrier that 
can be employed in the existing storage and conveying 
amenities designed for hard coal, making them a superior 
replacement for coal in current heat and power plants73). 
Torrefied biomass pellets are less expensive to transport 
store since they have a higher energy density per volume 
than conventional fuels biofuels like wood chips or pellets, 
74). The bulk density of torrefied wood can range from 
200-400 kg/m3 for torrefied wood chips to 600-850 kg/m3 
for torrefied pellets, depending on the species and 
processing circumstances52).”A summary of the fuel’s 
characteristics and a comparison to other solid biofuels are 
shown in Fig. 475) 

. 

 

Fig. 3: Different technologies of torrefaction (a) belt conveyer (b) moving bed reactor (c) multiple hearth furnace (d) turbo dryer (e) 
microwave reactor (f) screw conveyer (g) rotating drum reactor (h) torbed reactor 
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Fig. 5 describes the process by which raw materials are 

transformed into torrefied materials at varying 
temperatures. After a while, the pellets grew darker and 
rougher as torrefaction temperature climbed, especially 
for pellets torrefied at 270°C. They found that changes in 
the acid-insoluble lignin component, rather than the 
carbohydrate portion, were responsible for the colour shift. 
 

    (a)   (b)     (c)       (d) 

Fig. 5: Transformation of raw materials into torrefied 
materials (a) un-torrefied pallet (b) and (c) intermediate pallets 

(d) torrefied pallet 
 

4.  Conclusion 
Torrefied biomass is gaining in popularity as a greener 

option than coal. Torrefier designs are patented by a 
variety of firms, each of whom claims supremacy over the 
others. Selection of a torrefaction technology has become 
extremely challenging due to the lack of a standard 
method for comparing different types of reactors. With 
this study, an essential knowledge gap in torrefaction 
technology is attempted to be filled by reviewing reactor 
types, comparing their torrefaction performance on an 
equal footing, and examining its economic consequences. 

 
Ammonia emissions from urea fertilizer plants during 

the past few years, as well as their reduction, have become 
a serious issue. Continuous ammonia emissions cause 
human skin, eyes, mouth, and lungs to burn, drawing 
attention to accidental emissions brought on by sudden 
plant operating failure. The abrupt breakdown of a plant 
operation as a result of ineffective maintenance policy has 
a substantial impact on both human health and the 
profitability of the industry under consideration. 
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