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Abstract—As a result of the ambiguity and complexity 

surrounding anaerobic digester foaming, efforts have been made by 
various researchers to understand the process of anaerobic digester 
foaming so as to proffer a solution that can be universally applied 
rather than site specific. All attempts ranging from experimental 
analysis to comparative review of other process has not fully 
explained the conditions and process of foaming in anaerobic 
digester. Studying the current available knowledge on foam 
formation and relating it to anaerobic digester process and operating 
condition, this piece of work presents a succinct and enhanced 
understanding of foaming in anaerobic digesters as well as 
introducing a simple method to identify the onset of anaerobic 
digester foaming based on analysis of historical data from a field 
scale system. 

 
Keywords—Anaerobic digester, foam, biogas, surfactants, 

wastewater sludge.  

I. INTRODUCTION 

OAMING has been a continuous and threatening problem 
amid the various challenges experienced in the operation 

of anaerobic digester (AD). AD foaming is highly unpleasant 
with potential loss of active digester volume, structural 
damage, spillage, damage to the gas-handling system and 
subsequent reduction in biogas production. In general when 
foaming occurs in AD, it tends to reduce the production of gas 
by up to 40% [10]. This was illustrated in a survey by the 
American Society of Civil Engineers reporting half of all ADs 
to have experienced foaming at least once during their 
operating lifetime [6]. A further survey of foaming in ADs in 
wastewater treatment plants in USA carried out from April to 
August 2011 showed that out of the 39 plants surveyed, 32 
had experienced foaming in the past five years or were 
presently undergoing foaming [16]. The identified causes 
included: presence of foam causing filamentous 
microorganisms, fats/oil/grease (FOG) and feed sludge quality 
[16]. A similar survey carried out in Spain showed, out of 38 
plants that responded to the survey, 23 of them had 
experienced foaming with the causes being attributed to 
sludge characteristics and operating factors [13]. 

Several researchers have investigated AD foaming with 
reports that do not represent a systematic study of foaming 
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occurrence [7]. Some of these studies were either based on 
heuristic knowledge from site operators or inferred knowledge 
from foaming reports in other biological systems. For 
example, [11] carried out a comparative review of foam 
formation in biogas plants and ruminant bloat. Reference [7] 
related the wider knowledge of a well-studied problem of 
biological foaming in activated sludge process to provide 
useful information on understanding the process of foaming in 
AD. A review of mechanistic multidimensional knowledge by 
[17] was used to analyse AD foaming with the aim of 
developing a better relationship between AD foam 
characteristics to process and operational factors. 
Notwithstanding these scholarly works, there still exist some 
opacity on the influence of AD process/operating conditions 
on foam formation and stabilisation in AD. Hence, in this 
study, a further effort was channeled towards clarifying the 
uncertainty surrounding foam initiation and stabilisation by 
studying current reports on foam formation in biological 
systems and relating it to AD operating conditions. In 
addition, a simple and novel method to monitor the onset of 
AD foaming was developed by statistically analyzing 
historical data from a foaming and non-foaming anaerobic 
digester. 

II. FOAM 

Most foam occurs as a medium of gas trapped in thin fluid 
film with or without particles and may be represented as a 
solid in three dimensions with flat polygonal faces (films), 
straight edges (plateau) and sharp corners or vertices 
(Junctions) [8], [18]. Film is the most obvious feature of a 
foam and separates the gas bubbles which are forced together 
to form the foam. The films meet along a line or curve known 
as the plateau borders. These are interstitial channel filled with 
liquid that meet at junctions to form an interconnected 
network. Understanding this intricate foam structure is 
essential in appreciating the dependency of changing aspects 
of foam from formation to stability/collapse on a microscale 
fluid flow and macroscale motion of foam bubbles making up 
the foam structure [15]. Thus, foam can further be classified 
based on how easy the foam is generated and the extent to 
which it could remain stable before it collapses to liquid. 
Consequently, foam can either be stable, metastable or 
unstable [3], [8], [20]. 
 In subsequent paragraph, we will be looking at factors that 
affect foam formation and stabilistaion as well as relating such 
conditions to what is prevalent in AD.  
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onset of foam formation by effectively monitoring the 
anaerobic digester process and using values obtained from the 
monitoring process to determine foaming propensity.  
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