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Copper in Biomass Fuels and Its Effect on Combustion Processes 
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Abstract 

 
The role of Cu-based phases in combustion processes has boldly emerged with the drastic increase in the waste 

combustion, initiating the need to update thermodynamic databases for a better understanding and control of 

problems arising at high-temperature. In the present work, we have reviewed the content and sources of Cu in 

selected biomass fuels and ashes, and examined the mechanisms through which it affects combustion processes 

and the environment. Phase equilibria and thermodynamic properties of phases in the CuCl-CuSO4 system and 

their effects on the melting behavior of chlorides and sulfates of Na, K, Cu, Pb, Zn, and Fe were investigated. The 

observed results are presented and discussed. 
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1. Introduction 
The major greenhouse gas emissions come from the energy sector globally. Increasing generation of energy 

from renewable resources in different economic sectors is essential to protect the environment. Solid biomass, 

municipal waste and industrial waste utilization for energy generation is one of the options available for reducing 

the use of fossil fuels. Furthermore, in an attempt to increase self-sufficiency in energy, fossil fuel importing 

countries have been planning to enhance energy generation from renewable resources and improve existing 

renewable-energy power plants. One of the driving force to enhance the usage of renewable energy sources is the 

target set by the European Union (EU) [1]. In biomass-rich countries such as Finland, the energy produced from 

wood-based fuels (solid biomass) accounted for >25% of the total energy consumption in 2020 [2]. A large share 

of this energy comes from the forest industry’s byproducts, including bark, black liquor, and sawdust. In 2019, the 

share of solid biomass in the heating sector of EU in 2019 was about 17% [3]. Combustion of biomass for heat 

and electricity is generally carried out in large industrial combustors such as fluidized bed boilers and grate-fired 

boilers.  

In biomass combustion processes, alkali metal elements in the biomass fuels and the ash fusion behavior are 

the two main factors contributing to fouling and slagging during high temperature processing. These fouling and 

slagging problems threaten long-term operational availability and economics of power plants [4,5,6]. For instance, 

renewable-energy power plants built recently in Northern China have to shut down for cleaning the boiler almost 

every month because of the fouling in the intermediate-temperature superheaters [6,7]. Problematic low-

temperature fouling also often occurs on or near the bag filters of some boilers [7]. One of the main effects of the 

formation of slagging and fouling deposits is that they reduce the heat transfer process between the flame side and 

the water steam side and accelerate corrosion and erosion on the surfaces of superheaters and boiler tubes. These 

deposits also result in an increase in the flue gas temperature that reduces the efficiency of the plant system and 

increasing corrosion and erosion problems in the boilers [8,9]. Corrosion control is considered as a piece of a big 

puzzle for the economics of power plants; controlled corrosion minimizes the need for tube replacement (reduced 

maintenance cost), minimizes plant shut-down frequencies, and maintains good level of plant efficiency during 

operations [8].  

A high alkali metals concentration in renewable fuels is known to result in the formation of compounds with 

low melting temperatures. Considerable amounts of the highly corrosive alkali chlorides in the flue gases are 

agglomerated in these processes [10]. The main objective of this work is to review content of copper in biomass 

and waste-derived fuels and their ashes, and examine mechanisms through which copper affects combustion 
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processes, including deposition/melt formations and environmental aspects. Effects of CuClx and CuSO4 on the 

other salts to induce melt formations is investigated. 

 

1.1. Copper in combustion processes 

As much as Cu plays a crucial role in a modern society, it is considered as problematic when it comes to 

combustion processes. Cu in biomass fuels exist as a trace metal. According to Vassilev et al. [11], Cu in various 

biomass ashes (ash samples generated under laboratory condition) is typically around 100 ppm. The effect of Cu 

in combustion processes has boldly emerged with the drastic increase in the waste combustion. 

Undesired copper level in biomass combustion processes usually emanate from contaminations and co-firing 

with other fuels. In waste-derived fuels combustion processes, copper was reported to occur in oxidation states of 

zero, +I, and +II. 

 the bed ash mainly contains a mix of Cu and Cu-oxides [12];  

 the cyclone ash may contain a mix of copper metal, Cu2O, CuClx, Cu(OH)2 and CuSO4∙5H2O 

[12]. 

 
Fig. 1 The formation of PCDD/F (dioxins and furans) in the de novo mechanism catalyzed by CuClx, modified 

from [13].  

    

Copper-halides are known to have a catalyst role in the formation of the environmentally harmful PCDD/F 

emissions in the de novo mechanism. The behavior of copper in fly ash in the oxychlorination cycle is illustrated 

in Fig. 1. CuCl2 is an active catalyst compared to CuSO4 [12]. This catalytic effect of Cu-halides is the most intense 

in the lower temperature range 200 – 400 ºC. 

On the other hand, the relatively higher Cu contents in MSW ash can be a potential source of metals recovery. Cu 

in different forms was reported up to 1 wt% in MSWI bottom ash, and around 1000 ppm in MSWI fly ash [14]. 

 

2. Composition of copper in fuels and ashes 
The approximate concentration level of copper in softwoods and hardwoods (excluding carbon, hydrogen, 

nitrogen and oxygen) is in the range of 1-10 ppm [15]. Average concentration of Cu in the inner and outer bark of 

birch, spruce and pine is 2 ppm, higher content in the outer surfaces [16].  

The content of Cu in different biomass varies significantly; for example, Wheat Straw contains 0.06 ppm Cu 

[17], Beech Wood contains 43 ppm Cu [17], Phyto Remed from plants in contaminated site contains 70 ppm Cu 

[18], sewage sludge contains 330 ppm Cu [19], Chicken Litter contains 71 ppm Cu [20], and paper sludge contains 

310-450 ppm Cu [21,22]. According to Saarela et al. [16], the pine bark obtained nearby metal industry in Kokkola, 

Finland, contained about 515 ppm of Cu.  

According to Grasso and Atkins [23], recycled wood fuels including telephone poles, pallets and shipping 

containers can contain above 1000 ppm Cu. Their result indicates that waste-derived fuels contain significantly 

higher concentration of Cu, compared to the <10 ppm concentration of Cu in non-recycled woody biomass. The 

main sources for copper in waste-derived fuels and ashes are: 

 brass and copper wires 

 “impregnated wood”-CCA Chromated copper arsenate (CrAsO4 + Cu3(AsO4)2) 



 

 

 plastic catalyst and colorant 

 pigments 

During combustion processes, all heavy metals except mercury are retained in the ash effectively [24]. 

However, the heavy metals including Cu are significantly enriched in the finer aerosol particles formed during 

combustion [25]. The partitioning of metals between the bottom ash and the fly ash depend on the type of furnace 

[26]. Thermodynamic equilibrium is attained in larger bottom ash particles from grate furnaces because of the 

length of exposure to high temperature of the particles. However, in fluidized beds, there is insufficient time for 

equilibrium, and mass transport effects dominate [24]. Table 1 shows the composition of copper in ashes of 

different fuels. The reported results also suggest higher concentration of copper in the fly ashes than the bottom 

ash. 

 

Table 1 Concentration of copper in different types of ash.   

Fuel source of ash Type of ash Cu content (ppm) Reference 

Spruce wood Ash samples generated under 

laboratory condition, after 

combustion at 500 °C for 4 hour in 

a muffle furnace. 

42.7 [27] 

Beech wood 29.3 

Oak wood 37.9 

Spruce wood bark 16.1 

Beech wood bark 12.4 

Beech wood bark 12.6 

Boiler biomass Bottom 12.8 [28] 

<10.0 [29] 

Cyclone 31.6 [28] 

Filter 18.9 [28] 

60.0 [29] 

 

3. Results and Discussion 

 
3.1. Thermodynamic considerations in combustion processes  

To avoid the liquid phase formations, phases and phase mixtures that lie along the solidus and liquidus lines 

must be determined. These data will also help to understand corrosion mechanisms on the superheater surfaces. 

When composition of the feedstock is known, accurate data on the ash melting behavior together with furnace gas 

temperature can help to identify the sticky temperature range, a temperature range in which fly ashes contain 

certain amount of melt that lead to sticking and deposits build up on the surfaces of super heater and boiler tubes 

[30]. 

 

3.2. Copper salts containing mixtures and their melting behavior 

The effect of CuCl on melt formation of Na-, K-, Cu-, Pb-, Zn-, and Fe-chlorides were investigated. Figure 

2 shows how the melt forming temperatures of the salts drop as the amount of CuCl increase in a binary mixture. 

For example, the melting temperature of KCl is 771 oC. In the presence of 22 mol.% CuCl, the melt formation 

temperature drops to 550 oC.  

The effect of CuSO4 on the eutectic melt formation with sulfates of K and Na were investigated and the 

results are presented in Fig. 3. As observed in the case of mixing CuCl with the other metal chlorides, adding 

CuSO4 to the K- and Na- sulfates form eutectic melt that drops the melting temperature of the mixtures 

significantly.  

These mixture melt formations at a relatively lower temperature than the individual phases could favor 

sticking of fly ashes on the surfaces of the superheater and boiler tubes, causing problematic deposits build up that 

could eventually disrupt the combustion process. 

 



 

 

 
Fig. 2 Effect of CuCl on eutectic melt formations with Na-, K-, Cu-, Pb-, Zn-, and Fe-chlorides  

 

 

Fig. 3 Effect of CuSO4 on the eutectic melt formations with K- and Na-sulfates 

 

4. Summary and Conclusions 

In this paper, the amount of copper in selected fuels and ashes, environmental aspects of copper in the 

combustion processes, and the role of copper in undesired melt formations on the surfaces of boiler tubes were 

reviewed. 

It has been observed that the average amount of copper in woody biomass fuels is between 0.5 and 10 ppm, 

in biomass ashes is between 10 and 100 ppm, and in waste-derived fuel ashes is between 1000 and 10000 ppm. 

The main forms of copper in combustion processes are Cu, CuOx, CuClx, and CuSO4. Copper halides are observed 

to be highly volatile and suspected to be key catalysts for dioxins formation via the de novo mechanism. The 

catalytic effect is reported to be higher at low temperatures (200 – 400 °C). 



 

 

The effect of CuCl and CuSO4 on melting behavior of commonly known chlorides and sulfates in combustion 

processes were examined and all the studied phases were found to form eutectic melt with both Cu salts. The effect 

of CuCl on the low temperature eutectic melt formation with KCl being the most significant.  
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