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Abstract – Biomass is used as fuel in power plant because of its high potential towards energy generation 
in a sustainable way. Exhaust of biomass fuels are less toxic substances as compared to other fuels. But 
some biomass fuels contain potassium which on reacting with couple of ash forming elements creates 
ash related problems such as slagging of heating surfaces, corrosion, agglomeration and fusion that 
causes some serious operational problems. In this paper, operational problems related to ash are 
discussed and the additives that can be used to reduce these operational problems are summarized. 
Additives that can be used are sulphur based, calcium based, phosphorus based and aluminium silicate 
based additives. These additives can reduce the effect of potassium, slagging ash deposition and ash 
fusion problems. 
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INTRODUCTION  

There is continuous increase of concern related to 
biomass to use as energy source because of the 
environmental problems. Biomass is the third largest 
after coal and natural gas for electricity generation. 
Biomass can be obtained from various sources and 
available in many forms. [1,2]. the net CO2 emission 
can be reduced up to 93% if coal is replaced with 
biomass fuel and in case of natural gas if replaced with 
biomass, 84% CO2 emission can be reduced. Biomass 
is defined as any solid organic material that can be 
used as a fuel. Despite of its various advantages like 
carbon dioxide neutrality and potential towards high 
energy generation, biomass combustion remains 
challenging for various reasons. This is because some 
biomass fuels contain serious amount of potassium (K) 
and other inorganic elements. During combustion 
process, these inorganic elements get released and 
create some serious ash related problems [1-3]. This 
ash related problems not only reduce efficiency of 
combustion but also increase cost for maintenance 
and cleaning the surfaces of boiler. Ash related 
problems that appear during and after combustion 
include, slagging of heating surfaces, agglomeration, 
corrosion, ash utilization, ash fusion [4].  

Several techniques can be used to reduce various ash 
related issues during combustion of biomass such as 
use of alkali based additives to remove out 
problematic elements from fuels before combustion 
and fuel mixing [5-8]. Out of these methods, use of 

additives found out to be the most favourable method 
to reduce ash related problems. Till now, different 
materials and chemicals as additives have been tried 
and tested in various biomass combustion reactors 
and plants, with large amount of experimental data 
generated and reported [6-9]. The aim of this review 
paper is to briefly compile ash related problems and 
to check whether addition of additives can reduce 
these problems. 

 

Fig: 1 Schematic diagram of ash formation and 
transformation mechanisms in biomass 

combustion [16] 
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Fig: 2 Schematic of the formation processes of the 
main ash-related issues in biomass combustion [5] 

Fig.1. shows a formation of ash particles and their 
transformation mechanism in biomass combustion. 
During this process ash forming particles formed and 
then released and which results in formation of 
slagging and agglomeration. Fig.2 shows formation 
mechanism of silicate induced slagging, fly ash and 
agglomeration. Potassium chloride is considered as 
the most responsible substance that influences the 
slagging process. [4] 

Ash forming elements can be grouped into four types 
such as a) minerals included in the fuel structure  b) 
water soluble salts c)matters associated with inorganic 
materials d) inorganic material added from extraneous 
sources. During combustion process, release and 
transformation of ash forming elements is generated 
which can create various ash related problems. One of 
the elements is Potassium that results in generation of 
some dangerous species on the heating surfaces at 
elevated combustion temperatures. The various 
species involving, 

a) Generation of potassium salts like K2SO4, 
K2CO3 and KCL having melting temperature 
as low as 770°C [1,2].  

b) Formation of various potassium silicates due 
to reaction between potassium salts and 
silicon in the elements. These salts are 
present when combustion temperature ranges 
from 700 to 1000°c in the form of viscous 
liquids which cause ash sintering and bed 
agglomeration [3]. 

c) Fly ash may melt on the heating surfaces, if 
the SiO2 content is high. The silicate having 
melting temperature 700°C may melt at 

biomass combustion temperature and cause 
sintering. 

d) Generation of potassium phosphates with high 
content of potassium ratio or potassium. 
These may melt during combustion results in 
slagging. [9,10] 

Release and generation of various ash species, 
different operational problems may occur these are:  

a)  Slagging and fouling deposits on the heat 
transfer surfaces due to condensation of alkali 
salts and sticking of ash particles which 
carried by flue gas [1,2].  

b)  Formation of slag due to fused ash at high 
combustion temperature [2]. 

c)  Gas and deposits that cause fireside 
corrosion on boiler components [1, 2] 

d)  Formation of aerosols and fine particles 
Reduce performance of gas cleaning 
equipment [10]. 

USE OF ADDITIVES TO AVOID OR REDUCE 
ASH RELATED PROBLEMS 

Additives are nothing but a group of chemicals or 
minerals that can reduce performance of problematic 
species, diverse the ash chemistry and can raise the 
melting temperature of ash during combustion 
process. Studies showed that additives can be used 
in different forms such as feed as powder into 
combustor or blending with fuel before combustion. 
Different techniques can be applied to monitor the 
formation of ash forming matters like KCL. Listed are 
the different types of additives used. 
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Fig: 3 Formation of potassium containing silicates 
and phosphates [14] 

Sulphur Based Additives:  

The measurable effect of this additive is to convert 
KCL formed during combustion into K2SO4. The 
sulphation of potassium chloride form chlorine atom 
which gets released and discharged with flue gas. This 
will reduce sufficient amount of Chlorine in the 
deposits also reduce the high temperature corrosion. 
Generally these additives are added in the form of 
solution [11]. 

Calcium Based Additive: 

Calcium as an alkali earth metal can be diffused into 
potassium silicate melts, releasing potassium with the 
flow of flue gas. This will cause more silicon atom to 
react with calcium to form calcium silicate which has 
more melting temperature than potassium silicate. 
Enhancement of calcium in potassium phosphate rises 
the melting temperature of phosphate. Calcium based 
additives such as lime, marble sludge and limestone 
are convenient in minimizing ash related problems like 
slagging and ash sintering because liquid-solid 
reaction occurs at very high temperature. [7, 12] 

Aluminium Silicate Based Additives: 

Reaction between KCL and aluminium silicate based 
additive cause the formation of potassium aluminium 
silicate releasing CL atom. Kaolin can be used as an 
aluminum Silicate additive on reaction with KCL form 
Leucite and Kalsite. These products have melting 
temperature of about 1500°C and 1600°C respectively. 
Generally Kaolin, emathlite, bentonite and zeolites can 
be used as Aluminium Silicate additives. Sewage 
sludge can also be used as Aluminium Silicate 
additive. Presence of alumina and silica increases ash 
sintering temperature reducing fouling and deposition. 
[5-7] 

Phosphorus based additives:  

Phosphoric acid can be used as an additive to 
minimize ash sintering and slagging problems.  

This type of additive used when Si and K found to be 
in higher proportions. By introducing Phosphorus 
based additive in the ash residue, potassium reacts 
with phosphorus to form potassium rich phosphates [9, 
14] 

CONCLUDING REMARKS: 

There are various additives that can be used to reduce 
ash related problems as reported in literature. But 
there are many types of difficulties that arise during 
selection of particular additive are: 

1) Reaction between biomass ash and additives 
is complicated and tough to control. 

2) It is tough to anticipate changes in property of 
additives along with reaction time and 
temperature [8,9]. 

Recent literature shows more experiments performed 
to understand the behaviour of additives at higher 
temperature and reaction of them on ash deposition. 
The properties of an ideal additive are supposed to be 
as follows- 

1) Higher stability at elevated temperatures. 

2) High melting point without creating any 
operational issues. 

3) Additive should not require any pre-treatment 
before adding them into the combustion 
process. Otherwise this will increase cost. 
[10] 

4) Highly reactive to abate ash related issues. 

5) Use of additive should not create problem 
during ash handling. 

In this paper, ash related problems are discussed and 
also various additives to reduce these problems are 
summarized. More research is required to understand 
the reaction between biomass ash and additives.  

New additives should be tasted and for high reactivity 
and stability towards high combustion temperature 
and the additive should be cost effective.  
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