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Abstract  
 
In Finland, the new Decree on fertilizer products came into force on 13 September 2011. In this study, we 
present the forest fertilizer properties of bottom and fly ash fractions from a 32 MW municipal district heating 
plant incinerating peat and solid wood-based fuels (i.e. 25% of recycled wood, 25% of stumps, 25% of logging 
residue chips, and 25% of whole tree chips). The concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Pb, Ni and 
Zn) in the bottom ash were clearly lower that their current Finnish limit values and therefore do not restrict the 
utilization of this residue as a forest fertilizer. From the utilization point of view, it is notable that the Ca 
concentration of 0.5% (d.w.) in bottom ash was lower than the minimum limit value of 6.0% (d.w.) for Ca. 
Therefore, this residue may not be used as a forest fertilizer product without the addition of auxiliary Ca, which 
is allowed according to the new Decree on fertilizer products. Furthermore, the sum of phosphorous and 
potassium concentrations (P+K) in bottom ash (0.1%; d.w.) was lower than the statutory minimum limit value of 
2.0% (d.w.), which means that either additional phosphorous or potassium is needed if this residues is used as 
forest fertilizer products. The concentration of arsenic (42 mg/kg; d.w.) in the fly ash slightly exceeded the 
maximum allowable concentration of 40 mg/kg (d.w.) for forest fertilizer. From the utilization point of view, 
this ash fraction, which was sampled in January 2012, may not be used as a forest fertilizer. However, it possible 
that other fly ash fractions from other operating periods may be suitable for such a purpose but they would need 
to be analysed. Therefore, it is highly recommended that the technical staff of the municipal district heating plant 
obtain more fly ash samples in order to clarify whether the other fly ash fractions are suitable for a forest 
fertilizer.  
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1 Introduction 

Wood-based fuels are the most important biofuel and renewable energy sources in Finland. Wood-based fuels 
are almost equally divided into liquid by-products of the pulp industry and solid wood-based fuels. The utiliza-
tion of wood-based fuels will change in future due to the structural changes underway in the forest industry. The 
production of by-products, such as bark, decreases with diminishing quantities of traditional forest industry 
products. If the increasing demand was met, forest chip utilization should be added. However, especially the 
restriction of production in the sawmill industry decreases the supply of harvesting residues chips and forest chip 
production shifts more towards energy wood thinning. Also, the use of wood-based fuels among different energy 
facilities is changing. The utilization of wood-based fuels has traditionally been centralized in the forest industry 
units using industrial by-products. Nowadays, it is also an important energy source for the energy production 
facilities of Finnish local authorities and communities due to different policy instruments. The effect of this is 
that trade in wood-based fuels has increased (Mäkelä 2009).  
 
In Finland, national legislation regulates the utilization of ash in forestry applications. The current Finnish forest 
limit values came into force on 13 September 2011 (MMM 2011), and substituted the Decree of 12/07 (MMM 
2007), which was in force between March 2007 and September 2011. Due to the new changes in legislation, it is 
necessary for Finnish operators at power plants to analyse all ash fractions derived from incineration processes 
and to assess whether these residues are suitable for use as forest fertilizers. These changes prompted us to carry 
out this study. We concentrated on the most important physical and chemical properties in the bottom ash and 
fly ash originating from a 32 MW municipal district heating plant incinerating peat and solid wood-based fuels. 
We only focused on those physical and chemical properties, and nutrient and heavy metal concentrations for 
which minimum or maximum limit values are currently set in Finland for ashes used as a forest fertilizer. This 
study formed part of a major project focusing on reducing, reusing and recycling various ash materials originat-
ing from Finnish municipal district heating plants (Pöykiö et al. 2008, 2009, 2010).   
 
 

2 Material and Methods 

2.1 Methods  

 
2.1.1 Ash sampling procedures 

 
The bottom ash and fly ash investigated in this study originated from a 32 MW municipal district heating plant 
located in Northern Finland (Watkins et al. 2011). The plant has a 32 MW bubbling fluidized bed boiler (BFB), 
and prior to the sampling period the temperature varied between 810 and 830 °C, with approximately 50.0% of 
the energy produced by the BFB originated from the incineration of peat, and ca. 50.0% from incinerating solid 
wood-based fuels (i.e. 25% of recycled wood, 25% of stumps, 25% of logging residue chips, 25% of whole tree 
chips).  
 

      2.1.2 Determination of the dry matter content, moisture, neutralizing value and the water- 
                  soluble phosphorous concentration of the ashes 
 
Determination of dry matter content (DMC) of the ashes was carried out according to European standard SFS-
EN 12880. The moisture content of the ashes was determined according to European standard SFS-EN 12048. 
The neutralizing (liming effect) value was determined according to European standard SFS-EN 12945. Determi-
nation of the water-soluble phosphorous concentration in the ashes was carried out according to European 
standard CEN/TS 15105. In this procedure, the ash is heated with water in a closed container at 120 °C for 1 
hour. The concentration of phosphorous in the extract was determined with a Thermo Fisher Scientific 
iCAP6500 Duo (United Kingdom) inductively coupled plasma optical emission spectrometer (ICP-OES). A 
comprehensive review of the standards, analytical methods and instrumentation is presented in our previous 
paper (Watkins et al. 2011).  
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      2.1.3 Determination of the total nutrient and heavy metal concentrations in the ashes 
 
To determine the total nutrient (Ca, P and K) and heavy metal concentrations (As, Cd, Cr, Cu, Hg, Pb, Ni and 
Zn) in the ashes, the dried samples were digested with a mixture of HCl (3 mL) and HNO3 (9 mL) in a CEM 
Mars 5 microprocessor-controlled microwave oven with a CEM HP 500 Teflon vessels (CEM Corp., Matthews, 
USA) using USEPA method 3051A (Yafa and Farmer 2006). The cooled solutions were transferred to 100 mL 
volumetric flasks and the solutions were diluted to volume with ultrapure water. The ultrapure water was gener-
ated by an Elgastat Prima reverse osmosis and Elgastat Maxima ion exchange water purification system (Elga 
Ltd; Bucks, England). All reagents and acids were suprapure or pro analysis quality. Apart from Hg, the total 
heavy metal concentrations in ashes were determined with a Thermo Fisher Scientific iCAP6500 Duo ICP-OES 
(United Kingdom). The concentration of Hg in the ash was determined with a Perkin Elmer Aanalyst 700 cold-
vapour AAS equipped with a Perkin Elmer FIAS 400 and AS 90 plus auto-sampler. A more comprehensive re-
view of the standards, analytical method and instrumentation is provided in our previous paper (Watkins et al. 
2011).  
 
 

3 Results and Discussion 

         3.1 The total nutrient concentrations, physical and chemical properties of the ashes and their  
               potential as forest fertilizers  
 
The moisture content of the ashes was very low (< 0.5%), which means that the dry matter content of the ashes 
was very high (> 99.5%). This is a disadvantage, as it may increase the amount of dust generated during the han-
dling of these residues. The acid neutralizing value (NV) is one of the most important indices in evaluating the 
liming effect or neutralizing value of the ash in relation to its use in forestry (Zhang et al. 2002). The capacity of a 
liming agent to neutralize soil acidity depends on the levels of soluble and hydrolysable bases such as oxides, 
hydroxides, carbonates and silicates (Yan et al. 2000; Bayuseno and Schmahl 2011). Cations such as calcium, 
magnesium and potassium are the interactive counter-ions (Schiemenz and Eichler-Löbermann 2010; Saarsalmi 
et al. 2001). According to the neutralizing values (NV) in Table 1, the fly ash investigated in this study has higher 
capacity to act as a liming agent to neutralize soil acidity and as a soil amendment agent than the bottom ash. The 
NV value of fly ash was ca. 10.1 times higher than that of bottom ash. This is reasonable considering that the Ca 
concentration in fly ash (26.1%; Ca equivalent; d.w.) was ca. 52.2 times higher than that in bottom ash (0.5%; Ca; 
d.w.). However, the bottom ash and fly ash investigated in this study had lower NV values than a commercially 
ground limestone product produced by SMA Mineral Ltd., the neutralizing value of which is 38% (Ca equiva-
lents; d.w.). From the utilization point of view, it is also notable that the Ca concentration of 0.5% (d.w.) in bot-
tom ash was lower than the minimum limit value of 6.0% (d.w.) for Ca. Therefore, this residue may not be used 
as a forest fertilizer product without the addition of auxiliary Ca, which is allowed according to the new Decree 
on fertilizer products that came into force on 13 September 2011 (MMM 2011). Furthermore, the sum of phos-
phorous and potassium concentrations (P+K) in bottom ash (0.1%; d.w.) was lower than the statutory minimum 
limit value of 2.0% (d.w.), which means that either additional phosphorous or potassium is needed if this resi-
dues is used as forest fertilizer products. The new Decree on fertilizer products also allows auxiliary phospho-
rous and/or potassium, if their concentrations do not fulfil the minimum requirements given in Table 1.  

The minimum requirements for calcium (Ca) and the sum of phosphorous and potassium (P+K) concentra-
tions given in Table 1 are not applied if the ash is used as a fertilizer in own use (i.e. if it is used as a fertilizer by 
the municipal district heating plant producing the ash). However, they are applied whenever the ash is sold for 
use as a fertilizer product (MMM 2011; Vuorinen and Suoniitty 2010). In this context, it is worth noting that 
according the new Decree on fertilizer products, the minimum sum of the phosphorous and potassium concen-
trations (P+K) is stricter (min 2.0%; d.w.) than in the previous Decree (MMM 2007), which was min. 1% (d.w.). 
Furthermore, according to the new Decree on fertilizer products (MMM 2011), there are no minimum or maxi-
mum limit values for the pH, moisture, dry matter content (DMC), neutralizing value (NV), or the concentra-
tions of chloride (Cl), phosphorous (P), potassium (K) or water soluble phosphorous (P(H20)) in ashes used as a 
forest fertilizer. However, their content has to be reported to the environmental authorities when ash is used for 
such a purpose, and therefore their concentrations are reported in this study.  

Although the total phosphorous contents in the ash fractions were relatively low (0.04% and 0.9%; d.w.), the 
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water-soluble phosphorous content in all ashes was negligible (< 0.01%; d.w.). According to Schiemenz and 
Eichler-Löbermann (2010), the poor water solubility of phosphorous in biomass ashes means that only a small 
part of the P in ash is extractable and available for plants when the ash is used as a forest fertilizer. However, 
according to Moilanen et al. (2005), the water-insoluble forms of phosphorous in forest fertilizers minimise the 
risk of phosphorous leaching.  

 
3.2 Total heavy metal concentrations in the ashes and their potential as forest fertilizers  

 
Table 1 also presents the heavy metal (As, Cd, Cr, Cu, Hg, Pb, Ni and Zn) concentrations in the ashes with re-
spect to their current (MMM 2011) and previous (MMM 2007) Finnish forest limit values. If we compare the 
current and previous heavy metal limit values for ash used as a forest fertilizer, then according to the figures in 
Table 1, these new limit values ease restrictions on the reuse of ash in forestry.  
 
Table 1. Physical and chemical properties of the bottom ash and fly ash with respect to the current Finnish limit 
values for ash used as a forest fertilizer, as well as the previous limit values that were used before 13 September 
2011 (MMM 2011, 2007), the enrichment values (EF) of elements, the literature values of the Finnish Food Safe-
ty Authority (Evira) for the total concentrations of nutrients and heavy metals in Finnish ashes from biomass 
incineration (Vuorinen and Suoniitty 2010).   

 
      Table 3-1: Finnish minimum requirements and limit values for concentrations. 

Parameter  
/ metal 

Unit BA FA EF Limit value  
after 

13.09.2011 

Limit value 
before  

13.09.2011 

Literature 
value for the 
total concen-

tration in 
Finnish bio-
mass ashes 

DMC (105 

°C) 

 > 99.5 > 99.5     

Moisture % < 0.5 < 0.5     

NV % (Ca; 

d.w.) 

2.7 27.2 10.1    

Cl % (d.w.)     2.0 (max)  

Ca % (d.w.) 0.5 26.1 52.5 6.0 (min) 6.0 (min)  

P % (d.w.) 0.04 0.9 22.5   0.1 - 6.8 

K % (d.w.) 0.1 1.1 11   0.1 - 15 

P+K % (d.w.) 0.1 2.0 20 2.0 (min) 1.0 (min) 0.2 - 21.8 

P(H2O) % (d.w.) < 0.01 < 0.01     

As mg/kg 

(d.w.) 

< 3 42 (> 14) 40 (max) 30 (max) 0.2 - 350 

Cd mg/kg 

(d.w.) 

< 0.3 3.6 (> 12) 25 (max) 17.5 (max) 0.2 - 66 

Cr mg/kg 

(d.w.) 

6.6 60 9.1 300 (max) 300 (max) 4.9 - 968 

Cu mg/kg 

(d.w.) 

4.0 87 21.8 700 (max) 700 (max) 8.3 - 4600 

Hg mg/kg 

(d.w.) 

< 0.04 0.2 (> 5.0) 1.0 (max) 1.0 (max) 0.01 - 2.7 

Pb mg/kg 

(d.w.) 

< 3 96 (> 32) 150 (max) 150 (max) - 1500 

Ni mg/kg 

(d.w.) 

3.3 39 11.8 150 (max) 150 (max) 6.3 - 6500 

Zn mg/kg 

(d.w.) 

37 560 15.1 4500 (max) 4500 (max) - 20 000 
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In the current Decree on fertilizer products (MMM 2011), the maximum heavy metal limit values for As and Cd 
were higher than in the previous Degree (MMM 2007). This relaxation was introduced in order to ease the reuse 
of biomass-based ashes in Finland, since according to the Finnish Food Safety Authority Evira (Vuorinen and 
Suoniitty 2010), arsenic (As) and cadmium (Cd) are the metals whose concentrations mostly did not meet the 
regulations before 13 September 2011. This relaxation in As and Cd maximum limit values will especially easy 
the use of peat-based biomass ashes to be used as fertilizer products (Vuorinen and Suoniitty 2010). The data of 
Evira on the heavy metal concentrations in Finnish biomass-based ashes in Table 1 are based on a survey carried 
out between 2007 and 2009.According to Table 1, the maximum allowable concentrations of As (40 mg/kg; 
d.w.) and cadmium (25 mg/kg; d.w.) are higher in the current Decree (MMM 2011) than in the previous one 
(MMM 2007), in which they were 30 mg/kg (d.w.) and 17.5 mg/kg (d.w.), respectively. According to the results 
in Table 1, the concentration of arsenic (42 mg/kg; d.w.) in the fly ash slightly exceeded the maximum allowable 
concentration of 40 mg/kg (d.w.) for forest fertilizer. From the utilization point of view, this ash fraction, which 
was sampled in January 2012, may not be used as a forest fertilizer. However, it possible that other fly ash frac-
tions may be suitable for such a purpose but they need to analysed. Therefore, it is highly recommended that the 
technical staff of the municipal district heating plant obtain more fly ash samples in order to clarify whether the 
other fly ash fractions are suitable for a forest fertilizer.  
 
If we disregard heavy metals whose concentrations were lower than the detection limits, the concentrations of 
other elements in the fly ashes were between 9.1 (Cr) and 21.8 (Cu) times higher than those in the bottom ashes, 
which indicates that most of the heavy metals are enriched in fly ash. According to enrichment values (EF), nu-
trients were also enriched in the fly ash. In addition to the element volatilization characteristics, element reten-
tion in fly ash through other processes (i.e. primarily the condensation process) determines the final fate of vola-
tile elements. Most of these species form compounds that condense on the surface of particles in the flue gas, 
leading to the enrichment of some elements in the fly ash fraction. This phenomenon is well known and depends 
on many factors such as the type of boiler, operating conditions, the fuel mix, tree species, soil type and climate 
where the trees are harvested, and the efficiency of flue gas cleaning devices, and has been reported elsewhere 
(Demirbas 2005, Lin and Yeh 2010, Mahmoudkhani et al. 2007, Moilanen et al. 2005, Steenari and Lindqvist 
1997). Therefore, in Table 1, the literature values reported by Evira for the total concentrations of heavy metals 
in ashes vary significantly. If we compare our total concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Pb, Ni 
and Zn) in bottom ash and fly ash to those reported in literature (see Table 1), our observations are clearly lower 
than the highest concentrations reported by Evira ((Vuorinen and Suoniitty 2010). According to the survey car-
ried out by the Evira, the highest concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Pb, Ni and Zn) in Finnish 
biomass-based ashes (see Table 1) are clearly higher than their current maximum allowable limit values for ash 
used as a forest fertilizer. According to Evira, this result means that some power plants in Finland still produce 
ash residues that are not suitable for use as forest fertilizers, despite the limit values for As and Cd having being 
relaxed.  
 
 

4 Conclusions 

The concentrations of heavy metals (As, Cd, Cr, Cu, Hg, Pb, Ni and Zn) in the bottom ash were clearly lower 
that their current Finnish limit values and do not restrict the utilization of this residue as a forest fertilizer. From 
the utilization point of view, it is notable that the Ca concentration of 0.5% (d.w.) in bottom ash was lower than 
the minimum limit value of 6.0% (d.w.) for Ca. Therefore, this residue may not be used as a forest fertilizer 
product without the addition of auxiliary Ca, which is allowed according to the new Decree on fertilizer products 
that came into force on 13 September 2011. Furthermore, the sum of phosphorous and potassium concentra-
tions (P+K) in bottom ash (0.1%; d.w.) was lower than the statutory minimum limit value of 2.0% (d.w.), which 
means that either additional phosphorous or potassium is needed if this residues is used as forest fertilizer prod-
ucts. The concentration of arsenic (42 mg/kg; d.w.) in the fly ash slightly exceeded the maximum allowable con-
centration of 40 mg/kg (d.w.) for forest fertilizer. From the utilization point of view, this ash fraction, which was 
sampled in January 2012, may not be used as a forest fertilizer. However, it possible that other fly ash fractions 
may be suitable for such a purpose but they need to analysed. Therefore, it is highly recommended that the tech-
nical staff of the municipal district heating plant obtain more fly ash samples in order to clarify whether the other 
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fly ash fractions are suitable for a forest fertilizer.  
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