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Abstract  
 
Forests are a remarkable source of carbon neutral fuels that could partially replace the use of fossil fuels. Use of 
wood-based biomass as an energy source will result in the generation of wood ash, however. This dilemma 
should be solved in a sustainable way. One option is to use ashes as a soil, especially as a road construction 
material. In Finland about 500 million kg of wood and peat ash is produced annually. Although the utilization of 
wood ash (i.e. utilized as a fertilizer or in road construction and landscaping) has increased, a significant part of 
wood ash is still landfilled instead of utilization. That could be seen as a waste of potentially valuable resources as 
well as clearly against the main target of the recycling society.  
 
Based on the chemical and physical properties of wood ash, especially fly ash, could be used as a road 
construction material for low level roads. Wood ash could be used as building material as well as a binder for the 
stabilisation of soft soils. However, there is no environmental or technical data available from forest roads that 
could be potential places where apply wood ash as a road construction material in high volume. For example in 
Finland about 4000 km of forest roads should be prepared annually. In forest roads wood ash could be apply in 
upper road layers without pavement. However, there is no data available whether the trace elements of these 
kinds of road structures will be leached and transported deeper down in the profile of forest road layers. Thus 
there is a clear need to investigate whether these kinds of road structures will include environmental risks that 
should be taken into account when evaluating the environmental suitability and acceptability of wood ash as a 
road construction material.  
 
The paper will focus on the utilization of wood ash (fly ash) as a road construction material and its 
environmental effects on the chemical properties of groundwater, such as pH, alkalinity, conductivity and 
element concentrations, as well as technical properties of the road structures, such as bearing capacity. The large-
scale field experiment was established in the autumn of 2011. The study site is located in central Finland 
(Karstula). The field experiment consists of 18 forest road sections, each 200 – 300 m that where handled with 
different mixtures of wood ash and gravel including control (gravel without ash). The environmental impact of 
the road structures will be monitored from groundwater samples taken over a period of two years. Also soil 
samples from the lower road layers are taken in order to monitor the possible development of element 
concentrations in the lower layers of road structures. 
 
The results after one year tracking indicate that the road structures (mixture of wood ash and gravel) will not 
cause changes in the environmental parameters measured in the study. Additionally, the technical properties 
seem much better than reference (gravel without ash), when the properties were evaluated by measuring bearing 
capacity and visual audit. 
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1 Introduction 

Due to huge demands for the reduction in greenhouse gas emissions, 20% by the year 2020, and increasing use 
of renewable energy sources, respectively, in the area of EU (Commission of the EU 2008), the utilization of 
carbon neutral fuels, such as wood-based biomasses, will increase dramatically in the near future. Forests are a 
remarkable source of carbon neutral fuels that could partially replace the use of fossil fuels. Use of wood-based 
biomass as an energy source will result in the generation of wood ash, however. In Finland about 500 million kg 
of wood and peat ash is produced annually (Inkeröinen and Alasaarela 2010). Although the utilization of wood 
ash (i.e. utilized as a fertilizer or in road construction and landscaping) has increased, a significant part of wood 
ash is still land filled instead of utilization. That could be seen as a waste of potentially valuable resources as well 
as clearly against the main target of the recycling society. This dilemma should be solved in a sustainable way.  
 
One option is to use biomass ashes, such as wood ash, as a soil, especially as a road construction material where 
biomass ashes will have significant usage potential. The utilization of ashes as a road construction material will 
decrease the use of non-renewable natural resources, such as stone materials. It has been showed that the savings 
might be significant, about 20-30 % of the total annual amount needed for conventional soil construction at 
present (Lahtinen 2001). In Finland the annual use of natural stone materials is about 90 milj. tons (Sokka et al. 
2006, Rintala 2002). It has been also showed that wood ash as a material will have such a physical and chemical 
properties that will improve the technical properties of road structures, such as strength, rigidity, bearing capacity 
and frost resistance that will enhance the life time of the road (Lahtinen 2001). The utilization of biomass ashes 
as a road construction material will also decrease the amount of waste deposited into landfill areas that is in 
accordance with the targets of the recycling society where another’s waste is another’s raw material.  
 
Wood ash as a road construction material 
Based on the chemical and physical properties of wood ash, wood ash, especially fly ash, could be used as a road 
construction material for low level roads, such as forest roads. Wood ash could be used as building material as 
well as a binder for the stabilisation of soft soils. In forest roads wood ash could be apply in upper road layers 
without pavement. There is 135000 km of forest road in Finland. Owing to the rather comprehensive network of 
forest roads in Finland, the amount of the construction of new forest roads has been declined. Instead, the 
amount of the preparations of the forest roads has been increased. In 2010, 3300 kilometers of old forest roads 
were prepared whereas less than 1000 kilometers of new roads were constructed (Finnish Statistical Yearbook of 
Forestry 2011). According to the Finnish National Forest Programme 2015 the amount of prepared forest roads 
per year should be 4000 kilometers. Also in the Finnish Forest Management Practice Recommendations made by 
the Forestry Development Centre Tapio has been considered essential that the network of forest roads is gravid 
enough to allow the transportation of raw wood round the year. In practice, this means that the preparation 
activity of the forest roads increases if we want to harvest trees round the year from mineral soils as well as from 
peatland forests. 
 
From the technical point of view wood ash could be used in road structures in order to improve technical 
properties of low level roads (Lahtinen 2001). However, the environmental effects of the road structures that 
contain wood ash are not well known. The environmental effects of the wood ash and the structures containing 
wood ash are depending on the characteristics of wood ash. The characteristics of wood ash and further the 
quality of ash are dependent on the components of the wood fuel used as well as on the combustion process and 
the air emission control system. The physical and chemical properties of ash vary depending on the tree species, 
growing site, part, size and age of the tree, logging technique, fuel used and burning technique (Hytönen and 
Nurmi 1997). There is also variation in the characteristics of ash depending on the fraction of ash in question. In 
general wood ash can be divided into fly ash from pollution control equipment (e.g electrostatic precipitators) 
and bottom ashes. Wood ash is alkaline and its pH is 12-13 (Hytönen and Nurmi 1997). Wood ash contains 
mineral nutrients and trace elements, such as potassium (K), calcium (Ca), phosphorus (P), magnesium (Mg), 
magnese (Mn), iron (Fe), copper (Cu) and zinc (Zn) in almost the same proportion as found in the tree stand 
biomass. In addition to nutrients, wood ash also contains heavy metals, such as cadmium (Cd) and lead (Pb) that 
are potentially toxic to humans and forest flora and fauna. There are several studies (e.g. Moilanen and 
Issakainen, 2000; Perkiömäki et al., 2003; Perkiömäki and Fritze, 2005; Moilanen et al., 2006; Cabral et al., 2008) 
about wood ash as a forest fertilizer that have showed that the environmental risk related to the heavy metal 
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composition of wood ash can be managed. However, the environmental effects of wood ash as a road 
construction material are not well known, especially wood ash applied on forest road. Although there is a lot of 
knowledge about wood ash itself, its physical and chemical properties, there is no data available whether heavy 
metals of road structures containing wood ash will be leached and transported deeper down in the profile of 
forest road layers that is very crucial when determining the environmental acceptability of wood ash as a road 
construction material.  
 
The paper will focus on the utilization of wood ash (fly ash) as a road construction material and its 
environmental effects on the chemical properties of groundwater, such as pH, alkalinity, conductivity and 
element concentrations. In this paper some preliminary results of the study will be presented. Technical 
properties of the road structures, such as bearing capacity, will be also discussed.  
 

2 Material and Methods 

2.1 Methods  

The large-scale field experiment was established in the autumn of 2011. The study site is located in Karstula in 
central Finland (N 62,51,3 E 24,26,13). The field experiment consists of 18 forest road sections, each 200 – 300 
m that were handled with different mixtures of wood ash and gravel including control (gravel without ash) (Fig. 
2-1). The treatments ( with three replicates, except control n=1) were gravel with ash (gravel Ø 0-16 mm or 0-
31.5 mm, 70 % or 85 % of weight and fly wood ash 15 % or 30 % of weight) and control (gravel Ø 0-16 mm or 
0-31.5 mm without ash) (Fig. 2-2). The total amount of wood ash used was about 2000 kg that corresponded to 
500 tons per hectare. The mixture of gravel and wood ash was applied in upper road layers without pavement 
(see an example Fig. 2-3). The thickness of the gravel ash -layer was 10-40 cm. The buffering zones of 30 m 
between the road sections were established. The applications were performed by a truck in October and 
November of 2011. The element concentrations of the fly wood ash used in the experiment was analyzed with 
the standard methods. 
 
The environmental impact of the road structures will be monitored from groundwater samples taken over period 
of two years. From each road section groundwater samples are collected from groundwater standpipes, which 
were located after the inventory of the direction of the flow of the groundwater. The groundwater samples will 
be collected by pumping from the groundwater standpipes. The standpipe will be pumped empty a day before 
the collection of the ordinary groundwater sample. The samples will be stored at cool temperature until analyzed 
with the standard methods. The first sampling took place in December of 2011. Groundwater samples will be 
taken five times per year. Sampling starts at the beginning of spring high-flow and continues till the freezing of 
the ditches in autumn. The chemical properties of groundwater, such as pH, alkalinity, conductivity and element 
concentrations will be analyzed with the standard methods required in environmental and waste legislation. Also 
soil samples from the lower road layers are taken in order to monitor the possible development of element 
concentrations in the lower layers of road structures. Soil samples, one pooled soil sample from each road 
section, will be collected with a stainless steel corer (diameter 10 cm). The cores will be taken from mineral soil 
layer to the depth of 50 cm. Soil samples will be stored in plastic bags at cool temperature until analyzed with the 
standard methods. Soil samples will be taken once in a year.  
 
In addition to the groundwater and soil sampling some follow-up tests (bearing capacity, road condition 
inventory and damage observation) will be carried out at the test sites.  
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Figure 2-1: The road section handled with the mixture of gravel 

 (Ø 0-16 mm, 70 % of weight) and wood ash (30 % of weight). 

 
 

 
Figure 2-2: The mixture of gravel (Ø 0-31.5 mm, 85 % of weight) 

 and wood ash (15 % of weight). 
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Figure 2-3: Design of the road structure. 

 
 
The data will be statistically analysed using repeated two-way MANOVA with gravel and ash as the main factors. 
The data will be analyzed when the study is finished, thus in this paper the preliminary results (mean values based 
on three sampling occasions) of the study will be presented. 
 

3 Results and Discussion 

The element concentrations of the fly wood ash used in the experiment was analyzed with the standard methods 
determined in environmental legislation related to the utilization of fly wood ash as a waste in soil construction. 
The most of the values of the leaching tests (column test and compliance test) related to the chemical 
composition of the wood ash were under the limit values, except chromium (Cr), molybdenum (Mo), fluoride (F) 
and sulphate (SO2-

4) when compared to the limit values for wastes utilized in soil construction (Vna 561/2006) 
(results not shown). However the result is in accordance with earlier findings (e.g. Lahtinen 2001). Due to these 
exceedings wood ash used in the study can be utilized in such soil structures that are paved. It can be concluded 
that there is an environmental risk related to the element concentrations of wood ash. However that 
environmental risk can be managed by using paved structure instead of covered structure. The results may also 
indicate that the limit values given by environmental authorities are low and may hamper the utilization of 
industrial side streams, such as wood ash. At least in the case of wood ash utilized as a soil construction material 
it means that the environment permit is required. However usually those environment permit processes are very 
time consuming and thus not preferred among entrepreneurs that will also hamper the utilization of wood ash. 
 
The toxicity of heavy metals is mainly related to its bioavailability, which depends on the capability of heavy 
metals to release metal ions by dissolution. Thus it is justified to measure concentrations expressed as extractable, 
exchangeable or mobile. The preliminary results (three sampling occasions) show that the concentrations of 
heavy metals are very low or even under the detection limit (Table 3-1). The concentrations are very low when 
compared to the limit values for wastes utilized in soil construction (Vna 561/2006) as well as the guide values 
for drinking water determined by Finnish Ministry of Social Affairs and Health (461/2000). The concentrations 
are also very low when compared to the background concentrations found in nature. For example according to 
Tamminen (1998) cadmium concentrations of humus layer vary between 0.0-1.6 mg/kg dw) in Finland and 
respectively cadmium concentrations of forest berries are in generally < 1 mg/kg dw (Pasanen et al. 2001). When 
comparing the heavy metal concentrations detected in groundwater with the heavy metal concentrations of wood 
ash used in the study it can be assumed that 3-9 months is too short time period in order to detect any effects in 
groundwater although based on earlier findings (e.g. Lahtinen 2001) it is very unexpected that any harmful 
effects will be detected.  
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Table 3-1: Heavy metal concentrations in groundwater. Values are mean values (n=3, except control n=1) calculated based on three 

sampling occasions. 

Treatment Cd (µg/l) Pb (µg/l) Hg (µg/l) As (µg/l) 

Gravel 0-16 mm + 
ash 15% <0.08 <0.8 <0.02 1.36 

Gravel 0-16 mm + 
ash 30% <0.08 <0.8 <0.02 1.55 

Gravel 0-16 mm <0.08 <0.8 <0.02 0.50 

Gravel 0-31.5 mm 
+ ash 15% <0.08 <0.8 <0.02 <0.2 

Gravel 0-31.5 mm 
+ ash 30% <0.08 <0.8 <0.02 1.67 

Gravel 0-31.5 mm  <0.08 <0.8 <0.02 2.27 
 
 
Based on the waste legislation wood ash used in the study can be landfilled as a conventional waste. According to 
the hierarchy of the waste legislation wood ash should be recycled instead of landfilling. However, in practice 
recycling of wood ash is not so common. Reason might be numerous but when discussing about business related 
to the waste management the activities should be cost-effective in order to be attractive enough. In many cases 
recycling might be more expensive than landfilling. However, when using wood ash as a soil construction 
material it is possible to reduce the consumption of non-renewable natural resources and simultaneously to 
achieve cost advantages. By using wood ash instead of gravel and crushed stone it is possible to improve the 
bearing capacity of the road and thus to achieve a longer lifetime of the road (Lahtinen 2001).  
 

4 Conclusions 

In the present study the main objective was to explore the environmental effects of wood ash containing road 
structures on forest road. Based on the preliminary results of the present study the heavy metal content of the 
road structures containing wood ash as well as environmental risk related to it can be managed. However, the 
results are preliminary and represent a very short period of time, and thus the data of the whole study period 
(two years) is needed before the final results can be reported. 
 
In addition to the technical and environmental acceptability there are some principal issues that should be 
addressed when discussing about the sustainability of the utilization of industrial side streams. During last 
decades it has been put a lot effort into reducing end-of-pipe emissions and tightening environmental legislation 
in order to decrease the emissions of heavy metals. Although the emissions in Finland and other EU countries 
have undoubtedly been reduced the inflow of the heavy metals into to economic system has not decreased. Thus 
it is justified to address a question about the fate of the heavy metals entered into the system; where the inflow 
will end up, into sinks or final sinks? This question is very closely related to the idea of closing the loop that is 
the main idea of the recycling society. The preliminary results of the present study might indicate that wood ash 
can be recycled as a soil construction material. However, simultaneously it will lead to accumulation of heavy 
metals in the environment that should be taken into account and further managed in order to enhance 
sustainable use of wood ashes.  
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