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Abstract. The cementitious properties of many wood ashes makes them a potential stabilising 
agent for roads that can substitute cement. A test is presently performed using a 30% ash 
addition to natural soils for reinforcing a forestry road near Timrå, central Sweden.  
  
The bearing capacity of forestry roads in Sweden has become increasingly problematic in 
recent years, due to warmer winters, and in order to get timber out from the forests, road 
stabilisation is needed, usually adding cement to the road body. 
  
Wood ash has similar properties, and may substitute cement. An added advantage of using 
wood ash is the saving of landfill space.  
  
In the ongoing study, laboratory tests on leaching and mechanical stability, frost-sensitivity et 
c has been performed and a test road was built in June 2009, and will be monitored with 
regard to environmental impact and mechanical properties. The results so far indicate a strong 
stabilizing effect of ash additions to the road shoulder material. 
 

Introduction 

Increasing use of Bio-fuels is a strategic worldwide goal, focusing on climate change and on a 
sustainable energy system. The use of biomass as alternative to fossil fuels is an essential part 
of such an energy system. Today bio-fuel accounts for nearly 20 % of the total energy used in 
Sweden, and the trend is that the share is increasing (Swedish Energy Agency 2008). The 
increasing use of bio-fuel is recognised as one of the means to reach the national goal of 40 % 
lower CO2-emissions 2020 as compared to 1990 (for the sector outside the certification 
system). The area of interest includes both combustion and gasification and the work with 
energy and climate issues is also linked to the development of new technologies, where 
pyrolysis and gasification is a highly prioritised area for the Swedish energy-research sector 
(Regeringen 2008). Many different types of bio-fuels are possible to use e.g. wood, straw, 
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sludge, bark, cereals etc. In the coming years the amount and variety of bio fuel ashes is likely 
to increase markedly, and the potential for a beneficial use of ash properties will increase as 
well if the market actors can properly identify and make use of such properties. Some of the 
major barriers for such use are the uncertainty with regard to the environmental impacts, 
lacking knowledge of the benefits, and time consuming permitting procedures (Lidelöw et al. 
2003). Thus tools for an utilisation oriented characterisation of ashes are essential for the 
successful utilisation of the specific valuable properties of bio-fuel ashes.  

The potential of bio-fuel ashes 

Ashes from the burning of different types of wood based bio-fuels often has more ore less 
puzzolan properties where Ca, Si and Al react with water and form firm cementing products 
(e.g. Siddique 2008), however, the knowledge of the properties and reactions of wood-ashes 
in specific constructions is still limited. Bio-fuel ashes from wood-fuels has been used in road 
constructions in many countries and in Sweden there are about ten test roads built with the use 
of wood ashes as stabilising additive (Mohanty & Chugh 2006, Munde et al. 2006, Ribbing 
2007, Zhou et al. 2000). The Swedish studies show that the ashes has good cementing 
properties for stabilising the road construction (Lahtinen et al. 2005a-b, Macsik 2006, Macsik 
och Svedberg 2006, Munde et al. 2006, Svedberg et al. 2008) and also for deep mixing and 
soil stabilisation (Rogbeck et al. 2008). International studies also show good freezing- and 
thawing properties (Chugh et al. 2006, Mulder 1996, Yarbasi et al. 2007, Zhou et al. 2000). 
The puzzolan, hardening, properties also are important to reduce the leaching of harmful 
substances from the road construction to the environment (e.g. Mácsik et al. 2009, Thurdin et 
al. 2007). However, waste characterization is a term used loosely today. It is quite 
meaningless if not used in the context of its purpose. For example, the purpose of routine 
regulatory monitoring favours simplified procedures such as standard leaching tests. 
However, such tests may yield very little or even misleading information about the behavior 
of a material in a realistic setting as shown e g by Kylefors et al., (2003). 

In a scenario where the material interacts with an environment, factors like pH, redox 
potential, salinity, humidity, density, temperature and several more, will influence the 
behavior of the material (Lagerkvist, 2003; Bergman 1996). Furthermore, the intrinsic 
properties of the material, such as the elements present as well as the phases and mineral 
forms in which the elements occur, will influence both the potential reactions and their 
kinetics. A complete understanding of a material is thus impossible, but nevertheless a 
multitude of products is used today in spite of lacking understanding. Now and again this 
results in very harmful consequences, such as the use of carcinogen substances in various 
consumer products. Thus, a reasonable balance between the assessment of hazards and 
functional benefits must be achieved. Further, the procedure to do this assessment must have 
market acceptance. 

The combustion or gasification of bio-fuel generate fly ashes and bottom ashes that are 
specific to each incineration plant. The ash production in Sweden, estimated by Svenska 
EnergiAskor (2007) was in 2006 a total of 1280000 tonnes, with 660 kT bottom ash, 500 kT 
fly ash and 120 kT mixed bottom/fly ashes (Herbert 2008).  The composition and amount of 
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ashes formed are influenced by the amount of ash forming elements in the fuel as well as the 
combustion technology and the process control applied. The generation of ashes is an 
integrated part of a bio-fuel based energy system. However, by far the highest priority is the 
energy yield of the process, whereas the quality and valorisation of ashes is rarely considered. 
However this may change if the market can develop a greater understanding of the possible 
uses of “designed” ashes. As with other processes, the side products may well give a positive 
contribution to the overall economy of thermal conversion processes in the future. 

The specific properties of bio-fuel ashes set the prerequisites for their management and use in 
different applications. The contexture and the properties vary within wide limits between 
different ashes, e.g. the content of calcium can vary from a few percentages up to more than 
30% (weight). Typical chemical compositions of wood fuels show Ca-content between 900 
and 15 000 mg/kg (Allaska database; Obernberger et al. 2004). Other elements, such as K, Al, 
P, Zn, Cd, Cl, Si and others are also varying within wide limits. The actual compounds and 
minerals present are of greater importance for the properties of the ashes than the total content 
of the respective elements, as has been seen repeatedly, e g when examining leaching 
properties. The leaching properties in different geochemical environments are also very much 
dependent on the specific properties of each single ash. Thus, an utilisation oriented 
characterisation of ashes, their contexture and properties, is of crucial importance for the 
treatment of bio-fuel ashes and the beneficial use of their properties. One of the most 
important questions is the understanding of how functional properties of ashes are developed 
in combustion and in the subsequent ash treatment.  

The future use of bio-fuel ashes will also be influenced by the development of economic 
markets, as deliberated in Collins, and Nixon (2003). There are several barriers to efficient 
markets outcomes, i.e., situations in which mutually beneficial market transactions are not 
pursued. These barriers may include the presence of transaction costs, uncertainties, and 
information asymmetries related to the quality and the usefulness of the biofuel ashes. Using a 
Logic Framework Approach the use of ashes may be described as limited knowledge – 
causing a problem – leading to negative effects (Figure 1). 
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Figure 1 Problem analysis of the utilisation of bio-fuel ashes, according to the Logic 
Framework Approach. 

 

Increasing need due to climate change 

The global average temperature has increased by 0,74 degrees (Celsius) over the last 100 
years (1906–2005) and antropgenic emissions of green house gases is believed to have 
contributed significantly to this change (IPCC, 2007). 

The ongoing climate change is expected to have its largest impact in the arctic and subarctic 
regions and for Sweden a temperature increase of between 2.5 and 4.5 degrees Celcius is 
anticipated for the period 2071 to 2100 as compared to the period 1961 to 1990. The 
precipitation is expected to increase between 20-40% in large parts of Sweden, with 
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increasing frequency of heavy rains. Simultaneously the winters are expected to be shorter 
and with less frost penetration of the ground. In combination these changes will affect the 
bearing capacity of roads and the risk of erosion and landslides will increase (e.g. Bo et al. 
2008; Guzzetti, 2007; Lind et.al. 2006). The central part of Sweden belongs to the parts which 
will be most affected by the aforementioned changes. Already now the recent warm and wet 
winters have caused considerable difficulties for Swedish forestry industry due to the changed 
bearing capacity of forestry roads and the damages to roads has been worsening, as illustrated 
by Figure 2.  

Thus reinforcing the infrastructure will become necessary and this may be economically 
challenging. If some of this reinforcement can be done using bio-fuel ashes the quality of the 
roads can be upgraded at the same time as raw material and landfill space are saved. Before 
such practices may be implemented, there is a need to develop the present knowledge 
concerning the functional and environmental impact of using these materials. In order to do 
so, a series of laboratory and field tests are planned, and the early parts of this investigation 
are reported here.  

 

Figure 2. Flushing away of a small forest-road due to heavy rain. Mid Sweden,   
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Environmental impact from ash use in road constructions 

The use of the ashes in road constructions could be regarded as a link between the material 
flows within the energy sector and nature. The road construction may be regarded as a 
geochemical anomaly in the landscape, where the concentrations of specific elements are 
higher than in the natural surroundings. The weathering and leaching from the road is crucial 
with regard to the short-term and long-term environmental impact. 

In order to assess the suitability and to obtain dimensioning criteria for road construction 
using an fly-ash from burning of paper sludge and bark, a number of laboratory tests were 
performed, aiming at mapping mechanical and chemical properties of the materials and 
material mixtures.  

Some data on the ash composition is given in table 1. It is a well incinerated wood ash 
dominated by its calcium and silica content, alkaline reaction and fairly low concentration of 
trace elements, a notable exception being the Ba-content. 

Table 1 Analysis of wood fly-ash from the Ortviken plant (n=3, ±SD). 

Variable Unit Value 

Total Solids, 105°C 
(TS) 

% 99,9 

LOI, 550°C (GF) % TS 0,69 
pH - 13,2 
Conductivity mS/cm 10,6 
Redox potential  mV 488 
Total carbon (TC) % TS 2,42±0,16 
Total organic carbon 
(TOC) 

% TS 1,85±0,16 

Inorganic carbon (IC) % TS 0,57±0,20 
f-CaO (free Calcium) % TS 7,0±0,1 
ANC pH 8,3 mmol/g 

TS 
5,29±0,10 

ANC pH 4,5 mmol/g 
TS 

9,52±0,22 

Total content of main metals given as oxides  
SiO2 % TS 23,5±0,1 
Al2O3 % TS 10,7±0,1 
CaO % TS 35,7±0,4 
Fe2O3 % TS 6,35±0,51 
K2O % TS 3,57±0,10 
MgO % TS 2,13±0,02 
MnO % TS 1,49±0,01 
Na2O % TS 1,14±0,02 
P2O5 % TS 3,08±0,02 
TiO2 % TS 0,23±0,01 
Sum % TS 87,9± 0,5 
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Variable Unit Value 

 

Total content of other elements 

As mg/kg TS <3,15 
Ba mg/kg TS 2630±30 
Be mg/kg TS <0,6 
Cd mg/kg TS 3,94±0,32 
Co mg/kg TS 10,17±0,56 
Cr mg/kg TS 58,2±6,7 
Cu mg/kg TS 76,3±3,5 
Hg mg/kg TS 0,147±0,001 
Mo mg/kg TS <6 
Nb mg/kg TS <6 
Ni mg/kg TS 42,9±1,7 
Pb mg/kg TS 31,1±1,0 
S mg/kg TS 20700±2000 
Sc mg/kg TS 3,5±0,4 
Sn mg/kg TS 28,2±7,2 
Sr mg/kg TS 650±7 
V mg/kg TS 25,5±0,8 
W mg/kg TS <60 
Y mg/kg TS 8,02±0,27 
Zn mg/kg TS 2130±50 
Zr mg/kg TS 81,0±4,9 
 

The mobilization of various constituents was tested using leaching test with a liquid to solid 
ratio of 10, corresponding to about (and in excess of) 10 years average infiltration. However, 
there is no strict relationship between leaching tests and leaching results from the field, the 
laboratory tests will only give a rough estimate, due to various differences to field conditions, 
such as water contact, temperature, red ox conditions et cetera. Some leaching test results are 
shown in table 2. 

Table 2  Leaching test results from L/S-10 leaching, n=3, ±SD, Ortviken wood fly-ash. 

Variable Unit Value 

pH - 13,0 
Conductivity mS/cm 9,9 
Redox potential mV 474 
TOC  mg/kg TS 24±1 
Kloride mg/kg TS 1170±50 
Ca mg/kg TS 2810±80 
Fe mg/kg TS <0,04 
K mg/kg TS 6330±390 
Mg mg/kg TS <0,9 
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Variable Unit Value 

Na mg/kg TS 1000±50 
S mg/kg TS 4,39±0,17 
Si mg/kg TS 9,12±0,70 
Al mg/kg TS 3,65±0,28 
As mg/kg TS <0,01 
Ba mg/kg TS 279±18 
Cd mg/kg TS <0,0005 
Co mg/kg TS <0,000553 
Cr mg/kg TS 0,00924±0,00131 
Cu mg/kg TS <0,01 
Hg mg/kg TS <0,0002 
Mn mg/kg TS 0,00535±0,00100 
Mo mg/kg TS 0,114±0,001 
Ni mg/kg TS <0,00502 
P mg/kg TS <0,1 
Pb mg/kg TS 0,0165±0,0002 
Sb mg/kg TS <0,001 
Sr mg/kg TS 71,2±4,4 
V mg/kg TS <0,0005 
Zn mg/kg TS 0,250±0,024 
 

The environmental impact is related to the magnitude of the geochemical anomaly, e.i. the 
road construction in comparison to the natural surroundings. The potential outflow from the 
road is given by the leachability during field conditions and the percolation of water.  

The test-road was built in Mid-Sweden in a broken landscape with till as the dominating soil 
type. Data on natural weathering of till was collected from Swedish University of Agricultural 
Sciences (SLU 2009), Land and Öhlander (2000) and Thunborg (2001).  However, there were 
no data on the natural weathering of Zn and Cu and instead these were estimated using two 
methods: (1) as the difference between samples analysed by XRF (total content) and samples 
analysed using ICP (MS) where the samples are treated with 7M HNO3, and (2) as the 
difference between the results from the CEN test at L/S 10 and the availability test on samples 
from a depth of about 1 m. Average values were used in the calculations. Data on 
geochemical content in Swedish soils from Melkerud et al. (1992) and Lax and Selinus 
(2005). The results for some inorganic elements are summarised in Table 3. Already this brief  
comparison show that the leaching of many substances from the ash is in the same order, or 
even lower, than from the natural soil. However, it is important to study the leaching in a 
broader perspective and during field conditions. 
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Table 3. Total chemical content and leachability from fly-ash and natural till. 

Element Total chemical 
content  

Ortviken fly-
ash, g/kg DS 

Total chemical 
content  

Natural till, g/kg 
DS 

Leaching CEN 
test L/S10 

Ortviken fly-
ash, mg/kg DS 

Leaching CEN 
test L/S10 

Natural till, 
mg/kg DS 

Al 56.6 66.4 3.65 8.99 

Na 8.46 19.2 1000 12.3 

K 29.6 25.2 6330 11.7 

Mg 12.8 5.85 <0,9 20.6 

Cu 0.078 0.020 <0,01 0.04 

Zn 2.13 0.036 0.25 0.07 

  

 

Conclusions 

As outlined in the introduction, the proper evaluation of beneficial uses for the massive 
amounts and great variety of biofuel ashes to be generated from a large variety of combustion 
and gasification systems, will cause a considerable challenge for market actors and for the 
environmental authorities. If no well structured and realistic assessment system is available, 
the materials generated will most likely be put to suboptimal uses or landfilled, thus depriving 
the society of its potential benefits and putting more strain on natural resources and the 
economy. The specific puzzolan properties of wood fly ashes is a potential resource. Optimal 
characterisation is the basis for a use that will solve problems, save landfill sites and natural 
resources. 

Small private and public roads with low traffic intensity are very important for the 
countryside communication and commercial activities. The network of private roads is three 
times larger than that of public roads in Sweden. The construction of private roads is often 
very simple, built with local materials of varying quality. Requirement for maintenance is 
often large and continuously increases with increasing traffic loads. The need of 
comprehensive maintenance work of the private roads has accumulated during a number of 
years. Due to the climate change, the amount and intensity of precipitation and groundwater 
pressure are expected to increase in many parts of the country, which in turn can affect 
geotechnical conditions and cause large damages to the roads and increase the risk of the 
traffic safety. Much of the heavy forest traffic occurs during the cold period of the year when 
frost is acting as a natural stabiliser of the road base. With warmer climate the roads will not 
be suitable for use during longer periods. To meet the needs of road maintenance, new 
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knowledge is necessary on design, dimensioning and construction of forest roads. In order to 
optimise both the road function and the environmental efficiency, biofuel fly ash may be used 
to achieve a good quality and safety of the roads. Biofuel fly ash has self-hardening properties 
and is an exceptional resourse that should be effectively utilised. Application of ashes in road 
construction would help to strengthen the forest roads, make them more resistant to climatic 
changes and accessible year-round. At the same time the demand for natural resources and 
landfill space would diminish. Thus the optimal use of the ashes is an integrated part of a 
sustainable bio-fuel based energy system. Thinking further ahead, it is not unlikely that 
process development in the energy sector may result in by products designed for particular 
uses, which may contribute additional income to the sector. 
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