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Abstract

Despite the increasing global focus on replacing fossil fuels with biomass resources, handling the enormous quantity of
ash from biomass thermochemical conversion processes into energy remains a serious challenge from both environmental and
economic points of view. Therefore, in pursuit of the circular economy, the use of biomass-derived ash in beneficial applications
can have a great contribution to address problems related to ash disposal, and at the same time to promote the valorization of
wastes. This work attempts to provide a clear insight into the feasibility of the utilization of biomass ash in a valuable field,
namely anaerobic digestion and biogas technology, along with a brief statement of possible opportunities and challenges.
c⃝ 2019 Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Due to serious energy crises and environmental concerns in recent years, the replacement of a fraction of
conventional fossil fuels with biomass, as a plentiful and green source of renewable energy, has attracted a lot of
attention worldwide [1]. It is reported that the world’s annual production of biomass with potential for conversion
to energy is currently around 7 billion tons [2]. As shown in Fig. 1, biomass resources can be categorized within 6
major groups: (i) wood and woody biomass; (ii) herbaceous and agricultural biomass; (iii) animal/ human-derived
biomass waste; (iv) commercial and construction biomass residues; (v) aquatic biomass; and (vi) household and
industrial organic residues.

Nevertheless, the thermochemical processes (e.g., combustion, gasification, and pyrolysis) applied to convert
biomass into energy vectors, generate a huge amount of residual ash. These inorganic residues are mainly buried in
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Fig. 1. Categorization of the main biomass types.
Source: Adapted from [3].

landfills, occupying a large area of applicable land and contaminating the environment [2]. Thus, a proper solution
must be adopted to solve the disposal-related issues of biomass ash.

So far, extensive investigations have been done on the utilization of ashes in a wide variety of fields,
including construction and ceramic industry, agricultural soil amendment, environmental remediation, and catalytic
applications [3]. However, studies on the usage of biomass ash in other promising areas such as biogas technology,
based on anaerobic digestion process, are scarce. This aspect provides a proper basis for further research to achieve
remarkable innovations that are consistent with the circular economy concept.

Indeed, the anaerobic digestion process is a collection of sequential biochemical reactions (i.e., hydrolysis,
acidogenesis, acetogenesis, and methanogenesis), in which organic substances are transformed into valuable
by-products such as biogas, in an oxygen-free environment [4] (see Fig. 2).

Fig. 2. Schematic diagram of anaerobic digestion process.
Source: Adapted from [4].
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In the following sections are outlined the potential opportunities for the application of biomass-derived ashes in
anaerobic digestion technology as well as possible challenges that may hinder the valorization of such problematic
waste in the aforementioned context.

2. Opportunities

As already mentioned, biogas technology seems to be a very valuable area for the use of selected fractions
of biomass ash, especially in two major applications: (i) improving the digestion process performance to enhance
biogas formation and, (ii) purification of the produced biogas.

2.1. Improvement of the digestion process for increased biogas formation

Acidification problem and subsequent process instability are of major concerns in commercial biogas plants due
to the presence of easily biodegradable substrates. The use of biomass ash as an additive with high buffering ability
can not only increase the efficiency of the biogas production process but also significantly reduce the need for
commercial alkali reagents as well as continuous regulation of pH in the anaerobic digesters [10]. The other benefit
of biomass ash as a fermentation additive is the supplementation of macro- and micro-nutrients required for the
activity of anaerobic microorganisms during the digestion process, leading to an overall process improvement in
a cost-effective manner [11]. Despite all these advantages, little has been done so far on the study of the effect
of adding biomass ash to the anaerobic digestion systems. For instance, in a series of experimental work [5–9],
promising results could be achieved in the yield of methane gas from the anaerobic digestion of organic residues
using distinct amounts of municipal solid waste incinerator ash. More recently, Novais et al. [10] also observed
an enhanced pH buffering capacity and methane production efficiency with the addition of biomass fly ash-based
geopolymer spheres to the anaerobic digesters treating high loads of cheese whey. Further details on these studies

Table 1. Effect of biomass ash addition on biogas production.

Substrate Reactor Temperature
(◦C)

Biomass ash Maximum biogas
production

Ref.

Type Dosage

MSWa CSTRb 35 MSWI BAc 3 and 6 (g/200
mL feed)

500 (mg/L)f using 6
(g MSWI BA/200
mL feed)

[5]

MSW Four layers-arranged
reactor

35 MSWI FAd 10 and 20 (g/L) 225 (L/kg VS) using
20 (g MSWI FA/L)

[6]

MSW Four layers-arranged
reactor

35 MSWI FA
MSWI BA

10 and 20 (g/L)
100 (g/L)

222 (L/kg VS) using
20 (g MSWI FA/L)

[7]

MSW CSTR 35 MSWI FA
MSWI BA

1 and 3 (g/day)
12 and 24 (g/day)

675 (mL/g VS)
using 24 (g MSWI
BA/day)

[8]

MSW Batch reactor 35 MSWI FA and
MNe MSWI FA
MSWI BA and
MN MSWI BA

3, 6, 18 and 30
(g/g VS)
12, 36, 60 and
120 (g/g VS)

193 (mL/g VS)
using 36 (g MN
MSWI BA/g VS)

[9]

Cheese whey Batch reactor 37 FA-based spheres 20 and 28 (g/L) 0.670 (L/g initial
VSS) using 28 (g
FA-based spheres/L)

[10]

aMunicipal solid waste.
bContinuous stirred-tank reactor.
cMunicipal solid waste incinerator bottom ash
dMunicipal solid waste incinerator fly ash.
eMicro-nano.
fTotal organic carbon (TOC) concentration in the leachate.
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are presented in Table 1. These achievements open an interesting route towards future research on the improvement
of biogas production from organic residues. Considering the high diversity of biomass-derived ashes and their
associated properties [2], distinctive potential impacts can be expected from the use of different types of these
valuable wastes either on methane production or on the production of other biogas types such as hydrogen or
hythane from the anaerobic digestion process.

2.2. Biogas purification

Raw biogas obtained from an anaerobic fermentation process does not have enough quality for its introduction
into the gas grid or vehicles fuel use. The common solution to this barrier is the purification approach by
which impurities are absorbed or scrubbed from the biogas stream. The most frequently used biogas purification
technologies are water/amine scrubbing, pressure swing adsorption, cryogenic distillation, and membrane separation
[12]. However, the application of these processes has several drawbacks, including biogas losses, excessive
consumption of energy (e.g., electricity) and chemicals, as well as related atmospheric pollution [13]. In this context,
the application of biomass ashes can be advantageous for trapping biogas contaminants, hence reducing costs and
environmental impacts in comparison with commercial purification techniques [14].

In recent years, a limited set of studies [13–16] have shown the feasibility of using municipal solid waste
incineration bottom ash and wood ash, as sorbents, to remove CO2 and sulphur compounds (e.g. H2S, dimethyl
sulphide ((CH3)2S and methyl mercaptan (CH3SH)) from biogas in anaerobic reactors or from landfill gas (See
Table 2). Nevertheless, the application of biomass ash in the biogas-cleaning process cannot be only restricted to
ash residues from incineration of municipal solid waste or wood, since ashes from other biomass resources or other
thermochemical conversion processes may be more effective to reduce biogas contaminants. Even when using a
specific type of biomass ash, different purification capacities may be observed depending on the effect of potential
factors that contribute to the variation in the biomass composition and properties [3]. Hence, these knowledge
gaps provide a good opportunity for researchers who are interested in working in this economically attractive and
challenging field.

Table 2. Effect of biomass ash on biogas purification.

Biomass ash Input gas flow rate
(L/h)

Impurity Ref.

Type Amount (kg) Type Removal (kg/t ash)

MSWI BAa 76.3–91.9 32–131 CO2 15.5–39 [16]

MSWI BA 13 895
898
898
897

H2S
CH3SHb

(CH3)2Sc

CO2

3×10−3

44×10−6

86×10−6

11×10−3

[15]

MSWI BA 490–1000 2300–9200 CO2 10.2–23 [13]

Wood ash 411–856 2600–5200 H2S
CO2

0.56–1.25
35–135

[14]

aMunicipal solid waste incinerator bottom ash.
bMethyl mercaptan.
cDimethyl sulphide.

3. Challenges

Although there seem to exist many potential benefits of using biomass ash in biogas industry, encountering
multiple barriers is unavoidable. Some of these challenging obstacles can be summarized as follows [17]:

(a) Scarcity and inaccessibility of data on the key parameters necessary for the technical verification of biomass
ash utilization in biogas technology such as availability of ash and its characteristics, commercial validation,
user needs, and relevant specifications and standards;

(b) Possible economic barriers and lack of adequate financial incentives to encourage investments and, ultimately,
the widespread use of ash in this valuable area;

(c) Lack of institutional and legal guidelines as well as insufficient or strict industry and environment legislation
for the use of biomass ash in biogas technology.
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4. Conclusion

The growing trend of biomass ash production on recent years, resulting from an increased biomass to energy
applications, has encouraged researchers to find innovative ash applications in an economic and sustainable way. It
is believed that the utilization of biomass ash in anaerobic digestion technology, either as an additive for optimizing
the biogas production process or as an adsorbent for biogas purification is a promising solution to the valorization of
such abundant by-product from biomass to energy applications. Thus, further research in this relatively unexplored
approach is highly recommended, taking into account the potential challenges and constraints.
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