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Abstract 
 
Biomass as an energy source contributes to a decrease in the dependence on imported fossil fuels, while at same time, 
adding value to the countries where biomass fuel sources thrive, in addition to providing a source of renewable energy. 
Knowledge of the behaviour of fuel is essential in order to design and operate equipment safely and efficiently.  
In particular, knowledge about mineral content is essential because the ashes play an important role in the dynamics of 
the generation system. Through knowledge of the chemical composition and physical properties of the ashes, it is 
possible to predict the tendency to form deposits in the boiler components, as well as their potential to cause corrosion, 
erosion and abrasion. The behaviour of the ashes in the system is highly dependent on fuel, particularly when it comes 
from industrial waste or energy crops. These fuels have a higher mineral content, particularly sodium (Na), potassium 
(K), phosphorous (P) and chloride (Cl). They also have higher ash content with a low melting point and high corrosion 
potential. This paper focuses on the characteristics of the ashes derived from the combustion of biomass, with particular 
attention paid to the chemical transformations at high temperatures, as well as its effect on the combustion equipment. 
Emphasis is placed on the potential problems that occur when biomass-burning technologies are used for energy crops, 
in order to avoid catastrophic failures. It concludes with recommendations for the management, control and prevention 
of problems associated with ash. 
© 2015 Elsevier Ltd. All rights reserved. 
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1. Introduction 

In today’s world, there is a growing interest in the use of biomass for energy purposes [1–5]. The 

reasons include economic, political and environmental concerns, as well as the need to provide energy 

using renewable resources, reduce dependence on foreign fossil fuels, create more jobs per unit of energy 

produced and considerably reduce the environmental impact [6–10]. The majority of biomass waste 

products actually available are deprecated and may potentially be used as an energy source. In addition, 

many types of biomass forms can be grown as energetic crops to be consumed on-site, eliminating the 

dependence on third parties to supply raw materials [11]. 

To achieve a stable energy generation system, the requirements imposed by the fuel should be well 

known in order to allow for the adaptation of the burning technologies, particularly when it concerns 

industrial waste biomass forms or energy crops that, by its chemical composition, have different behaviours 

than other biomass types [12]. These fuels have a higher content of minerals, including sodium (Na), 
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potassium (K), phosphorous (P) and chloride (Cl), a high ash content with low melting point and a high 

corrosion potential [13]. 

The objective of this paper is to present a review about the development of the research related to 

biomass ashes and its effects in thermal conversion equipment. The ashing process and its physical and 

chemical characteristics, as well as the mechanisms of ash deposition and metallurgical damage caused by 

chloride gas combustion active corrosion are described. Ways to prevent or minimise the problems caused 

by ash deposition in biomass-fuelled boilers are also presented and analyzed. 

 

2. Ash formation mechanisms 

The elements that form the ashes are present in biomass as salts that are chemically bonded to the 

carbon structure (inherent ash), or they can come with biomass as mineral soil particles that have been 

caught during growth or are swiped during harvest and transport (foreign ash) [14]. The inherent ash 

components are homogeneously distributed in the fuel and are much more mobile than the trapped ash 

compounds, and therefore, they react chemically during combustion [15]. A fraction of these ash-forming 

compounds are volatilised and become part of the gas phase [16]. The volatilised amount depends on the 

characteristics of the fuel, the atmosphere surrounding the particle and the burner technology [17]. For 

example, a high combustion temperature and a reducing atmosphere enhance the volatilisation of 

environmentally relevant elements, such as heavy metals (Zn, Pb, etc.) [18]. 

Metals and metal oxides are partially evaporated at high temperatures within the fuel particles, and they 

become an active part of the reactions during the gas phase [19]. During its tour in the boiler fire, channels 

will precipitate at low temperatures and will nucleate on the surface as fine particles of CaO. They then 

become part of the gases in what is called “fly-ash” (size <1μm). Due to a reoxidation–nucleation–

coalescence process, these particles agglomerate, composing an ash type larger than 10 μm known as 

coarse fly-ash [20].  

Fig. 1 shows the typical grate furnace with bottom ashes being formed. 

See Fig.1 at the end of the manuscript. 

Non-volatile ash compounds that remain in the still-combusting particles may be melted and coalesced 

on or in the surface of the particle, depending on the temperature and chemical composition of both the 



particle and the surrounding gases [21]. This results in ash particles that have a wide range of compositions, 

sizes and characteristics related to the original mineral. Depending on the density and size of these 

particles, the technology used and the speed of the gases, a fraction of these ashes can be entrained by the 

gases, but in general, the majority is deposited on the grid, forming the so-called “grate ashes” [22], as seen 

in Fig. 2.  

See Fig. 2 at the end of the manuscript. 

 

3. Chemical composition of the ashes 

The ash content of different forms of biomass is varied, and can be as low as 0.5% on a dry basis for 

some species of pulpade wood, or up to 20% for some cereal or forestry and agriculture waste, particularly 

if they are contaminated with inert materials like small stones or rock dust [23]. The ash composition is 

dominated by SiO2 and CaO, and less oxides of Mg, Al, K and P. The ash from plants with long 

reproductive periods, such as trees, by the dynamic flow of nutrients to the soil, have a very different 

mineral composition than plants that are harvested several times a year, such as energy crops or cereals. 

The latter contain large quantities of oxides with low melting points, particularly K and P [24], and also 

contain substantially lower levels of heavy metals [25]. Table 1 presents the ash average composition 

obtained from the combustion of some of the most common biomass forms available in Portugal. 

See Table 1 at the end of the manuscript. 

Due to complex alterations between K, Cl, P, Si and Ca, each element cannot be evaluated individually 

without including interactions between different oxides and equilibrium compositions, which are also 

highly dependent on the type of biomass, operational conditions and generated steam parameters. For 

example, a Cl content of less than 0.1% is not enough to avoid corrosion problems with heaters if you are 

dealing with a high temperature steam [29].  

The most used technique for ash-related research involves using air-cooled steel probes simulating 

heating tubes or heat exchangers where ash will be deposited during biomass combustion, monitoring ash 

deposition rate, as well as allowing the collection of fly ash deposit for further analysis, as described in 

several studies [30–40]. 



The ashes originated from biomass combustion after being collected are usually characterized using 

several laboratorial techniques, such is inductively coupled plasma-atomic emission spectrometry (ICP-

AES), X-ray fluorescence (XRF), X-ray diffraction (XRD), scanning electron microscopy (SEM) with 

energy dispersive X-ray spectrometry (EDX), and ion chromatography (IC) [41].  

ICP-AES, XRF and SEM-EDX are usually applied to analyze the major elements present in the fuel ash 

and deposits, including Si, Al, Fe, Ca, Mg, Ti, Na, K, P, Cl and S [37,45–49], as well as Pb and Zn for 

some fuels [42]. 

 

4. Physical and chemical behaviour of the ashes 

The inorganic components that support biomass can be evenly distributed in the organic fuel, as 

inorganic component grains in the fuel particles and as foreign material brought to the process [43]. 

During the combustion process of the particle, the balance of the ash’s inorganic fraction that is formed 

then undergoes a series of simultaneous physical and chemical transformations in order to form ash 

particles as a result of segregation, evaporation, precipitation, nucleation and coalescence processes. These 

particles have a wide spectrum in terms of size, shape and composition. This depends on many factors, 

primarily the morphology and composition of the fuel, the combustion temperature and residence time. 

During combustion several chemical and physical changes of the minerals at high temperature occur 

[44]. Silica will melt partially or totally and will interact chemically with other components of the ash, 

primarily forming alkali metal silicates (K and Na). Alumina-silicates will suffer partial or total fusion. 

Carbonates, oxalates, chlorides and other salts will be decomposed. Alkali metals and other heavy metals 

will be volatilised. The particles will suffer fragmentation by thermal shock and rapid emission of gases, as 

well as the mineral particles will coalesce and agglomerate. 

The type of combustion equipment used is also relevant in terms of the behaviour of the ash, since the 

combustion conditions are different. For example, in moving bed equipment, ash fusion may not be so 

troublesome as it is in fixed-bed situations, as there is less coalescence of the molten particles. Details of 

each type of biomass-burning technology, along with its corresponding effects, can be found in several 

research and technical studies [45].  



One of the most important features of the ash of biomass is its behaviour at high temperatures, 

particularly its melting behaviour. The mechanisms of fusion and agglomeration of ash particles on 

burners’ grates and particle agglomeration processes on moving bed and fluidised bed burners are very 

important and must be taken into account when they are designed [46]. The melting behaviour of the ash is 

also an important factor in determining the propensity of the different fuels to form deposits of slag or ash 

vitrification, either on the grate or the boiler surface walls.  

Phase diagrams are a good starting point to study the behaviour of the ash at high temperatures, where 

the influence is shown having a composition at the melting temperature, determined by the system design. 

Several studies use the ternary system CaO-SiO2-K2O phase diagram, where the melting temperatures of all 

possible compositions are plotted [47]. In these diagrams, woody biomass ash is presented as having high 

melting points and behaviour that is insensitive to changes in the composition [48], while typical fast-

growing biomass ash, which is high in K, is presented as being dominated by eutectic system characteristics 

with low temperatures and large variations in composition [49]. 

Several studies demonstrated [50–56] that the laboratorial tests should evaluate at least two key 

temperatures: a temperature where 15% of the mass is liquid (considered to be the temperature at which the 

particles begin to soften, allowing agglomeration of ash deposits) and a temperature where 70% of the mass 

is liquid (considered to be the temperature at which the ash flows like a liquid).  

The liquid–solid performance of the ash is a very complex phenomenon and depends primarily on its 

chemical composition. Another study shows that for points away from the eutectic point, fusion occurs over 

a range of several hundred degrees, and the influence of the Cl content in the ash is an important factor in 

the melting temperature in which solids begins to soften. For example, ashes without Cl or with a very low 

Cl content begin to melt at 800 °C and are completely liquid at 1000 °C. On the other hand, ashes with Cl 

content near 20% begin to melt at 600 °C and are fully molten at 800 °C [57]. 

There are other indices that are more related to the tendency of ashes to deposit on the surface of the 

equipment walls due to their melting point, which are also available for the evaluation of the fuels’ 

behaviour [58–61]. 

 

 



5. Ash-related problems 

In practical terms, the problems related to ash in the biomass combustion systems of burners and boilers 

are associated with [62] the formation of partially melted ash agglomerates, and their influence on the grate 

and slag deposits in the equipment at high temperatures, the formation of ash deposits in low temperature 

zones of the exchange surfaces in boilers where there are convective sections, the accelerated corrosion and 

erosion of the metal on the side of the gases, the emission of ash in the aerosol state (fly-ash), as well as its 

formation and control, and the use, handling and disposal of ash waste from the biomass equipment. 

In general, the nature of the problems and their impact on the performance of the combustion equipment 

depends on the characteristics of the fuel (mainly ash content and chemical composition), as well as the 

design and operation of combustion equipment and boilers [63]. 

Ash behaviors during combustion are closely related with the characteristics of biomass fuel (e.g., high 

K, Cl and moisture content, low S content, etc.), which usually lead to greater ash-related challenges for 

almost all burner types when firing biomass materials. Some major negative impacts of the increased ash 

deposition by biomass combustion on the efficiency and operation of a combustion system can be 

summarized as follows [64]: 

 Decrease in the burner efficiency. The increased ash deposition as well as the changed properties of 

the ash deposits containing low-melting compounds such as K, Na, S and Ca would form a kind of 

coating on the bottom ash particles, which is partly in a liquid form, and begin to bind the particles 

together like glue, leading to agglomeration of the ash particles in the combustor. Moreover, 

deposition of fused or partially fused ash deposits on the heat exchanger surfaces will retard the 

boiler heat transfer, leading to a decline in the combustor thermal efficiency, and its capacity too.  

 Damage to the burner. Ash deposits may grow to the extent that the flue gas flow may be restricted. 

This could cause mechanical damage of the burner components, and more importantly, the ash 

deposits are associated with corrosion at high temperatures. Even for large pulverized fuel furnaces, 

the ash deposition on burner components and divergent surfaces could result in an interference with 

the burner light-up and operation. Again, the accumulation and subsequent shedding of large ash 

deposits on the upper furnace and the steam tubes surfaces could restrict gas flow and thus damage 

the components of the combustion system.    



 Maintenance problems. Severe deposits would require premature shut-down for maintenance. 

Unplanned outages for off-load cleaning are required for removing ash deposits. Moreover, the 

build-up of accumulations of ash deposits on heat transfer surfaces also lead to increased burner exit 

gas temperatures, reducing efficiency. 

 

6. Ash deposition dynamics 

When burning fuels with a high ash content and chemical composition that promote corrosive effects on 

boilers, is important to recognise that the ash is an important factor to consider in the equipment design and 

conception [65]. It is necessary to locate the points where the ash tends to deposit and study the gas flow 

system with due care. The problems associated with ash deposition during the operation of the equipment 

occur on all burners and biomass boilers, with the following situations occurring most frequently [66]: 

• Agglomeration of ash particles in the grate or fluidised bed due to poor combustion conditions, 

defluidisation, ash removal and handling problems. 

• Deposition of ash in the components of the burner and interfering with the stability of the process. 

• Accumulation of large amounts of partially or totally melted ashes that interfere with the operation 

of the system. This results in unscheduled boiler shutdowns, as evident in Fig. 3, illustrating the 

vitrified ash sample taken from a thermal fluid boiler operating with wood pellets. 

• Partially or entirely molten ash deposition on the walls of the boiler heat exchanger, which reduces 

heat transfer, increasing the gas temperature and decreasing the boiler efficiency. 

• Accumulation and subsequent fall of large ash deposits in the upper parts of the furnace, causing 

damage to the combustion system components. 

See Fig. 3 at the end of the manuscript. 

These ash slag formations occur at relatively high temperatures (> 800°C) on the walls of refractory or 

heat exchange surfaces, occurring relatively quickly (in a matter of hours when conditions are favourable) 

involving the deposition and agglomeration of solid particles or partially melted ashes on each other [67]. 

Accumulations of these deposits also occur on the convection surfaces of boilers, known as fouling, both at 

high and at low temperatures. The formation of ash deposits on the surfaces of heat exchangers at 

temperatures in the vicinity of 800°C to 1000°C involves a slow deposition process of partially molten ash, 



in which the growth of the layering occurs during the operating days, generally depositing species of alkali 

metal oxides. The formation of deposits on the heat exchange surface occurs at low temperature, by the 

deposition of material on the walls perpendicular to the gas flow [68].  

It is now clear that the processes involving ash deposits on burners and boilers operating with biomass 

are very complex phenomena, depending on the characteristics of the ashes and of the burner [69]. The 

design of both the burner and the boiler will be particularly important where convection will occur and 

should be appropriately adapted to the characteristics of the ashes [70]. The design and operation of the 

combustion and cleaning systems are very important. It is preferable to avoid the deposition of ash, or at 

least to keep it in a very low level instead of using cleaning methods, but these should be exhaustively used 

during equipment stop programs where the boiler and convective areas must be thoroughly cleaned of ash 

[71]. There are monitoring systems and automatic cleaning systems for ashes that can be integrated with the 

optimisation and control of the operation [72]. 

 

7. Impact of ash deposition in biomass systems 

7.1 Chemical impact: corrosion 

Corrosion processes occurring on the side of the smoke in the boilers are very complex, as they occur at 

high temperatures and under conditions involving large variations of temperature and composition. For 

those reasons, the processes are extremely difficult to study and monitor. However, because of the great 

importance for the design and operation of biomass combustion plants, these processes have been the 

subjects of several recent studies in laboratories, pilot plants and on the industrial scale [73–78]. 

Several research works demonstrated that Cl has a catalytic effect, which leads to the dissociation of the 

steel material in the heat exchangers, even when the temperatures of the tubes are low (100 to 150 °C) [79]. 

This problem seems to be accentuated in those fuels that have a Cl:S molar ratio higher than 2, where the 

absence of S enhances the formation of chlorides, having a catalytic effect on the corrosion [80]. In general, 

the corrosion rate at the boiler tubes is affected by several factors: the material of the tubes, the gas 

compositions and temperatures, the heat transfer rate, the dynamics of bottom ash, and the physical and 

chemical properties of the deposition [81]. 

 



7.2 Corrosion mechanisms 

It is common for biomass boilers to have a high rate of corrosion when metal temperatures exceed 

500C [82]. A number of corrosion mechanisms coexist and may occur simultaneously, including reaction 

processes between the metal and the metal oxides with gaseous species of Cl and O, reactions involving the 

alkali metal salts solid phase (K and Na), and reactions with ash in the liquid phase and during phase 

changes [83]. An example of this type of corrosion is presented in Fig. 4.  

See Fig. 4 at the end of the manuscript. 

The operating experience with biomass demonstrates that the most severe corrosion is commonly 

associated with deposits of ash containing alkali metal chlorides on the heating change surfaces [84]. These 

deposits are responsible for significantly high rates of wear in metals, with reactions occurring below the 

melting point of KCl, and other ash mixtures with low eutectic points (KCl-NaCl-FeCl2 systems) [85]. 

Another reaction, which is likely to increase the corrosion processes in biomass boilers, is the sulfation 

of the deposits in contact with SO2/SO3 in the gases that generate HCl through the metal surface, according 

to Eq. 1 [86]: 

 

2KCl(s)+ SO2(g)+1⁄2O2(g)+H2O(g)↔ K2SO4(S)+2HCl(g)                             (1) 

 

The gaseous HCl can then diffuse to the surface and react to form metal chlorides. This mechanism 

occurs when fuels are low in S and significantly higher in Cl content [87]. Cereals are much more prone to 

corrosion, having a ratio of Cl:S that promotes corrosion. 

Other studies [88-90] describes the mechanism of corrosion in the presence of Cl as "active oxidation," 

and as the main factor that is responsible for accelerated corrosion rates in boiler tubes. The study describes 

the condensation process’ enrichment of alkali metal chlorides in the pipe surface. In addition, the study 

illustrates that the chlorides react with SO2 and SO3 in the gas to form sulphate with subsequent generation 

of gaseous Cl, according to Eq. 2 and Eq. 3: 

 

2NaCl + SO2 + O2 ↔ Na2SO4 + Cl2                           (2) 

2KCl + SO2 ↔ K2SO4 + Cl2                           (3) 



This generated Cl may also partially react with available oxygen as shown in Eq. 1, or it may directly 

react with the iron in the tubes to form FeCl2. These chlorides can react with available oxygen and 

regenerate the gaseous Cl, holding or even accelerating the pace of corrosion according to Eq. 4, Eq. 5 and 

Eq. 6: 

 

3FeCl2 + 2O2Fe3O4 + 3Cl2                           (4) 

2FeCl2 + 3/2O2Fe2O3 + 2Cl2                                        (5) 

FeCl2 + O2 + Fe3O42Fe2O3 + Cl2                          (6) 

 

This study shows that these reactions are responsible for the generation of gaseous Cl in the adjacent 

metal surface, resulting in severe corrosion. 

A number of corrosion on-site tests in plants working with biomass boilers have been carried out in 

recent years. These assays involve exposing the test metals to flue gas for a period of time long enough to 

note corrosion effects [91–97]. 

Another study were performed where accelerated corrosion tests in boilers using fuels, such as straw, 

with ash levels around 5% to 7%, Cl levels between 0.3% and 0.5%, a S content lower than 0.2% and K 

content of up to 2% [98]. The heaters alloys were exposed to the combustion gases at temperatures between 

450ºC and 620C and showed that measured corrosion rates are insensitive to the materials used, even 

when tested in Cr-Ni-Mo steels, reaching values of oxide penetration equivalent to 8mm per year. 

The evaluation of different systems using biomass generation was reported by another study [99], where 

failures were observed on heaters prior to the first year of operation, due to active corrosion by Cl.  

 

7.3 Corrosion preventive and corrective measures 

In burners combusting biomass waste with a high content of alkali metal materials, chlorides and low 

sulphur content will undergo significant corrosion in areas, even at low steam temperature in the vicinity of 

500 to 550 °C. There are a number of steps that can be taken in order to prevent and reduce corrosion [100], 

such as the control of the vapour temperature in the design of the boiler to a level at which the corrosion 

rate is acceptable, the use of additives that alter the chemistry of the combustion gases and thus the 



deposition of ash and the selection of more corrosion-resistant alloys to the heat exchangers and other 

boiler parts. 

 

7.4 Physical impact: erosion/abrasion 

Erosion and abrasion of the components of the boiler and other equipment in plants where a biomass 

system is used in all scales of operation are predominantly associated with the presence of ashes that have 

hard particles, particularly those that are harder than steel and refractory materials used for the interior of 

the boilers. The only mineral species that is commonly found in biomass that falls into this category is 

quartz, so only these materials, or others contaminated with quartz will cause significant erosion and 

abrasion [101]. 

The fly-ash ashes primarily tend to be very thin and relatively soft, and thus are not considered to be 

particularly abrasive or erosive. For this reason, the processes of erosion and abrasion tend to be less 

important than they are in coal combusting equipment. However, there are some cases where erosion and 

abrasion can be significant [102]:  

• The use of some materials, such as agriculture waste, which have ashes that have a high silica 

content, resulting in abrasion problems in the boilers’ components. 

• The formation of molten material, particularly in the bottom ash, can cause grate erosion and 

abrasion on mechanical components and pneumatic ash handling systems. 

• In biomass boilers suffering severe fouling problems in convective zones, the gases will circulate 

with higher speeds due to the narrowing of the passage. 

• Overall, the experience shows that erosion and abrasion of the ash from biomass is lower than in 

other conventional power generation systems. 

 

8. Final utilisation and/or disposal of ashes 

The increased use of biomass as fuel for the generation of heat and power has required the use of ash for 

beneficial purposes in order to minimise the negative environmental and economic impacts that may occur. 

For a sustainable use of biomass, both domestically and on an industrial scale, it is important to recognise 

the fact that the ash can largely be returned to the soil, renewing and replacing the extracted nutrients, 



especially P and K [103]. If, for some reason, no ash can be recycled to its place of origin or be used as 

fertiliser, there are other potential uses, including, for example, as additives for the production of building 

materials [104].  

 

9. Conclusions 

The composition of ashes from biomass is dominated by SiO2 and CaO, and contains lesser amounts of 

Mg, Al, K and P oxides. The ash from plants, such as trees, that have long reproductive periods, have a 

mineral composition very different from plants that are harvested several times a year, such as cereals, due 

to the dynamic flow of nutrients within the earth. The latter contain large quantities of oxides with low 

melting points, mainly K and P. In addition, they also contain substantially lower levels of heavy metals. 

 During the combustion process of the particles, the balance of the inorganic fraction of the ash formed 

undergoes a series of simultaneous physical and chemical transformations to form ash particles, as a result 

of segregation, evaporation, precipitation, nucleation and coalescence processes. The resulting ash has a 

wide spectrum in terms of size, shape and composition of the ash. This depends of many factors, primarily 

the morphology and chemical composition of the fuel, the combustion temperature and the residence time. 

The minerals chemical and physical transformations occurring at high temperatures include melting, 

decomposition of volatile compounds and the fragmentation, coalescence and agglomeration of mineral 

particles.  

When burning fuels with high ash content and chemical compositions that promote corrosive effects on 

boilers, it is important to recognise that the ash is an important consideration in the equipment design 

phase. Many studies have demonstrated that Cl has a catalytic effect, which leads to the dissociation of the 

steel pipe material in the heat exchangers, even when the temperatures of the tubes are low (100 to 150 °C). 

This problem seems to be accentuated in those fuels with a Cl:S molar ratio higher than 2, where the 

absence of S enhances the formation of chlorides, having a catalytic effect on the corrosion. In these cases, 

it was found that the measured corrosion rates are unaffected by the materials used, even when Cr-Ni-Mo 

steels were tested, reaching values of equivalent oxide penetration of 8mm per year.  

To achieve sustainable and stable development, the combustion technologies must be known and 

adapted to the requirements imposed by the fuel, particularly when it comes to industrial wastes or energy 



crops, which, by their chemical composition, have different behaviours than do other forms of biomass. 

These fuels have a higher mineral content, especially K, P and Cl, a high ash content with a low melting 

point, and a high corrosive potential. 

Many research studies contribute to the ash formation and deposition subjects for biomass thermal 

conversion covering different types of boilers and a large number of biomass species. Nevertheless, 

detailed reactions of the alkali elements during the combustion processes aren’t yet completely well-known. 

Many questions, such those concerning what type of reactions occur before the fly ash makes contact with 

the heater exchange surface, or what are the practical and cost-effective means to retard these reactions, still 

remain unanswered.  
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Figure captions 
 

 

Fig. 1. Ash formation over a furnace grate fuelled with wood pellets. 

 

 

 

Fig. 2. Vitrified bottom ashes in a burner fuelled with sawdust. 

 

 



 
 

 

Fig. 3. Vitrified ash collected in a thermal oil boiler fuelled with woodchips. 

 

 

 

Fig. 4. Equipment corrosion. 

 

 



Tables 

Table 1. Composition of ashes obtained from the combustion of the most common biomass forms [26-28]. 

Fuel Cl SiO2 Al2O3 Fe2O3 Mn MgO CaO Na2O K2O TiO2 P2O5 SO3 

Wood pellets NA 4.30 1.30 1.50 5.90 8.50 55.90 0.60 16.80 0.10 3.90 1.30 

Olive husk 0.20 32.70 8.40 6.30 NA 4.20 14.50 26.20 4.30 0.30 2.50 0.60 

Wheat straw 3.60 48.00 3.50 0.50 NA 1.80 3.70 14.50 20.00 NA 3.50 1.90 

Olive kernel NA 67.70 20.30 0.05 NA 0.05 0.50 11.2 0.15 0.05 NA NA 

Pine woodchips 0.60 45.80 4.60 2.90 NA 3.60 25.70 0.60 8.20 0.30 3.40 4.20 

 


