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Abstract.
Biomass ashes (BA) have been intensively studied as amendments for soil in
earthworks. This paper aimed to geotechnically characterize BA from pines and olive
trees compared to the soil from Castelo Branco, Portugal. Namely, granulometry,
specific gravity, Atterberg limits and optimal compaction values were obtained and
analyzed in order to valorize the residue incorporated into soils. This work is part of
broader efforts to develop an alternative material that can be used in hydraulic barriers
as liners and for soil reinforcement. Thus, BA can contribute to reductions in weight and
plasticity, and filling properties. Further studies are needed, particularly mechanical
and hydraulic performances tests.
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1. Introduction
BA are the by-product produced mostly in co-fired thermoelectrical facilities for energy
production. Several processes are involved in such facilities, such as combustion,
pyrolysis, and incineration, generating filter and fly biomass ashes, which are considerably different from the original biomass, as they are mixed with other products
and suffer physical and chemical processes [1-2]. Therefore, as a residue that could
cause contamination, BA waste has received attention due to its possible pozzolanic
properties, which could indicate their use as cementitious material after alkali content
reduction [3] or substituting gravel in road construction while possibly replacing finegrained clays and soils in the construction of landfill liners due to its latent hydraulic
properties [4]. Bagasse ash, rice husk ash, and palm oil fuel ash are prominent examples
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of such residues [5], like the, already studied cellulose and paper mill sludge which
consist mainly of fibers, fillers, clays, and several other minor impurities that can have low
hydraulic conductivity (k) when properly compacted, the geotechnical characteristics of
the sludge in the paper mill are very different from typical clays, but in general they
behave similarly. [6] analyzed the industrial potential for BA and concluded the main
advantages: the concentration and recovery of valuable components - SiO2 , Al2 O3 , CaO.
These components could indicate their feasibility for soft soil reinforcements, increasing
friction angle while reducing the number of voids and settlements, even though BA
properties vary when dealing with different types of biomasses.
As biomass ashes are originated from different natural and anthropogenic processes
that take place within combustion units, they are a highly variable residue, principally
when considering its large and varied origin possibilities. In addition, several types of
BA, such as pines BA are not yet fully understood, requiring further investigation to
understand their properties within soils. Different geotechnical characteristics can be
seen among literature, which some of them have stated biomass ashes’ successful
approach for reinforcing soft soils, as stated in [7-8].
Thus, this paper aims to investigate and characterize biomass pine and olive ashes
geotechnically searching its feasibility for soils’ reinforcement and alternative liner
material incorporating or substituting usual material in earthworks due to geotechnical
parameters.

2. Materials and methods
The BA were collected at the industrial park of Valamb - Grupo Razão, located in
Castelo Branco (Portugal), and the soil for reinforcement was collected at Castelo
Branco (Portugal). Both materials were characterized to evaluate their geomechanical
characteristics, as follows: specific gravity (G𝑆 ) and water content (w), according to
standards [9–11]; granulometry and specific surface (SS), according to the equipment
CoulterLS200 procedure, and based on standard [12]; Atterberg limits and plastic index
(PI) according to standard [13]; and compaction characteristics with Normal Proctor,
according to standard [14].

3. Results and discussion
The granulometry curves are presented in Figure 1 and the geotechnical parameters
are presented in Table 1.
DOI 10.18502/kms.v7i1.11626
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Figure 1: Particle size distribution of soil and BA.

Exposed geotechnical parameters in Table 1 have shown BA finer granulometry, nonliquid (NL), and non-plastic (NP) behavior, which could imply that their introduction into
soils could reduce the mixture’s plasticity, number of voids, and possibly their settlement. Also, a lower G𝑆 value indicates weight-reduction property. Other parameters,
such as mechanical and hydraulic values have yet to be investigated, although varied
published studies, such as [15], have exposed BA successful introduction into residual
compacted granite soil, resulting in lower soil plasticity and weight reduction while
also increasing k value at higher BA rates. Thus, currently published results state BA
feasibility for improving geotechnical parameters, indicating that these enhancements
could be similar to the analyzed pine’s BA, being required further investigation to confirm
geomechanical parameters – k value, friction angle, and cohesion – and the abovementioned important characteristics for successfully reinforcing soft soils and possibly
application as liners. One possibility for BA valorization is its incorporation into the soil,
based on percentages by mass, whether dry or wet and increasing the amounts of this
residue in the mixtures, evaluating its characteristics and geotechnical performance
analyzing above-mentioned parameters.
BA’s literature [18] for hydraulic parameters found k values between 6 x 10−10 -1 x 10−9
m/s [15-16-17] meeting well the required 1 x 10−11 -1 x 10−9 m/s for a geological barrier at
the base or top landfill’s layer, additionally c’ = 20–25 kPa and φ’ = 30-45∘ found by
[19-20] make possible soil’s reinforcement while incorporating biomass ashes into soils.
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Table 1: Geotechnical characterization for soil and BA.
G𝑆 (-)

W𝐿 (%)

W𝑃 (%)

PI (%)

W𝑜𝑝𝑡 (%)

ρ𝑑 ,𝑜𝑝𝑡 (g/cm³)

Soil

2.7

38

34

4

20

1.9

BA

1.9

NL

NP

NP

26

1.2

[15]

2.3

35

25

10

20

1.6

[16]

2.5

88

NP

NP

24

1.6

[17]

1.7

41

25

16

80

1.7

4. Conclusions
Biomass ashes are a new focus of attention for clay substitutes in landfills, as studies
are beginning to discover their physicochemical, mechanical, and hydraulic properties. Their characteristics and composition are highly variable and dependent on the
plant’s species, origin location, and collect, while combustion processes and used
products/accessory materials, such as char, transform the original biomass into basically
a new material. Some of the studied biomasses are bagasse ash, rice husk ash, and
palm oil fuel ash, although there is a lack of research for soils reinforcement and liners
application. This indicates the necessity of further investigating pines’ BA into soils to
test long-term performance, compaction, and strength characteristics. Primary results
are optimistic and could indicate a solid path towards using this residue for the named
applications, principally for weight-reduction due to lower G𝑠 and ρ𝑑,𝑜𝑝𝑡 , non-plastic
behaviour, decreasing plasticity and filling properties caused by finer granulometry.
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