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1 Introduction 

Ireland has a strong dairy industry, expanding in 

recent years after the abolition of the EU milk quota 

in 2015 [1]. The subsequent increase in dairy 

production along with growing interest in the 

circular economy as a means to mitigate climate 

change and biodiversity loss have led to an urgency 

in efforts to reduce the environmental impact of the 

industry. For every liter of milk produced, 3 L of 

dairy wastewater are generated which must be 

treated before discharge to water bodies. Dairy 

processing wastewater comes from tank washings, 

waste products at various stages of production, and 

spoiled milk. The wastewater contains considerable 

concentrations of fats, oils, and greases (FOGs), non-

soluble in the wastewater. FOGs are composed of 

highly recalcitrant compounds which are difficult to 

treat and are inhibitory to the microbial community 

in the biofilms of anaerobic digesters. While the 

aqueous phase of dairy wastewater may be treated by 

aerobic means and anaerobic digestion (AD) to 

generate biomethane, the FOG fraction must be 

removed. 

FOGs are separated from the dairy wastewater 

stream by a process called dissolved air flotation 

(DAF). Briefly, compressed air is pumped into the 

bottom of the DAF tank. Air bubbles expand as they 

rise, floating the immiscible FOGs to the surface. 

Beams skim the surface of the DAF tank, sweeping 

the FOG sludge into a collection tank, while the 

remaining water is pumped to further treatment. 

Flocculant and polymeric coagulant may be added to 
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the DAF to improve the efficiency of the process by 

causing the FOG particles to clump together and 

form larger particles, which are easier to skim off. In 

general, the collected sludge is disposed of via land 

spreading, however, DAF sludge has low nutrient 

value to the soils to which it is added. The soil 

essentially acts as a sink for this waste product.  

The inhibitory effect of DAF sludge to AD 

biofilms is due in large part to the long chain fatty 

acid (LCFA) content in the FOGs [2], and also to the 

polymer added in the DAF process [3]. This effect is 

greatest in high-rate, low-temperature (~20°C) AD 

reactors. LCFAs are fatty acids with 14+ carbon 

atoms. The most abundant LCFAs in dairy fats are 

the unsaturated oleic acid (C18:1), and the saturated 

stearic acid (C18:0), palmitic acid (C16:0) and 

myristic acid (C14:0) (Figure 1). These compounds 

are very stable and insoluble in water. These 

properties make them difficult to break down and 

their thermal degradation requires high energy 

inputs. It is not certain whether the inhibitory effect 

on AD is due to a direct chemical toxic effect or an 

indirect physical effect [4], such as accumulation on 

the surface of the microbes and prevention of 

chemical exchange between the cell interior and 

exterior. Microbes appear capable of tolerating a low 

concentration of these compounds and will 

eventually digest them over time [4], but higher 

concentrations quickly cause detrimental effects 

with costly consequences.  

 

 
Figure 1: The LCFAs found in dairy fat. (A) Oleic acid (C18), (B) 
Stearic acid (C18), (C) Palmitic acid (C16), Myristic acid (C14) 

The effect of added polymer can vary due to the 

nature of the polymer and concentration, but it also 

has an inhibitory effect on the AD microbial 

community as both polymer and its corresponding 

hydrolysed monomers [5]. If not broken down, 

polymers can build up and flocculate, causing 

flotation of the biofilm to the surface of the reactor 

and termination of the AD process. The inoculum 

must then be removed and replaced at great expense.  

LCFAs are highly energy-dense compounds. It 

is estimated that the DAF sludge removed from the 

dairy wastewater stream represents up to 50% of the 

chemical oxygen demand (COD), or energy 

potential, of the wastewater. Yet this fraction is 

contained in just 10% of the wastewater volume 

emitted from dairy processing. Recovering all of the 

energy potential of this fraction would mean up to 

50% enhancement of biogas production if this 

energy-dense sludge could be processed via AD. 

The Sustainable Bio-Renewable Energy from 

Wastewater (S-BREW) project is a collaboration 

between Ashleigh Environmental and National 

University of Ireland, Galway (NUIG), which aims 

to address the challenge of treating dairy FOG waste 

for AD using Ashleigh Environmental’s proprietary 

microwave technology: Biowave™. The Biowave™ 

system applies microwave energy to the feedstock, 

heating it rapidly and accelerating chemical reaction 

rates. The aim of the treatment is to reduce the LCFA 

concentration in the DAF sludge to a level that can 

be tolerated by the AD microbial community, as well 

as to break down the flocculation polymer. The 

resulting product will make a feedstock that is 

suitable for AD, and as such will facilitate access to 

the valuable energy potential of this waste stream. 

Solubilisation of solid material in the microwave is 

also beneficial to the rate of digestion, improving the 

biogas yield – particularly in low temperature 

applications. There are additional benefits in 

diversion of a waste stream from land spreading with 

inherent transport CO2 emissions and financial 

savings to be made. 

 

2 Novel approach to feedstock pre-treatment 

While lab-scale experiments to demonstrate the 

application of microwave energy to treatment of 

FOG waste have been published in the literature [6], 

[7], the S-BREW project is unique in several ways. 

Firstly, the Biowave™ pilot system is at an industrial 

scale, well beyond the scope of laboratory-based 

microwaves. The magnetron operates at 915 MHz, 

offering more energy efficiency and greater 

penetration than the more common 2450 MHz 

experiments. The microwave reactor operates on a 

continuous flow basis, as opposed to the more 
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frequently used batch mode in small vessels of lab 

scale microwaves. To our knowledge, this is the first 

time that DAF waste sludge from dairy processing 

has been trialled in microwave treatment at this 

scale. The feedstock is complex and variable and 

investigation of the effect of microwave pre-

treatment on the diverse conditions is essential to 

understanding the application of this process in real 

world conditions.  

 

2.1 Samples 

The aim of our initial investigations was to determine 

the effect of microwave treatment at a range of 

temperatures and on a variety of DAF sludge 

samples from different dairies in Ireland. It was 

important to investigate sludges from dairies that 

produce different products (e.g., milk, butter, milk 

powders, cheese) and also the variation in 

wastewater treatment approaches in the DAF 

process. Polymer use varies across treatment plants, 

with different dosing rates and polarity of polymer 

used and some producers don’t use polymer at all.  

 

2.2 Microwave system 

The pilot scale system is a 915 MHz continuous flow 

microwave-assisted reactor with 36 kW of power 

generation. DAF sludge is pumped from a 1 m3 

container and flows continuously through the 

reactor. Trials to date have investigated the effect of 

increasing temperature on LCFA breakdown in 

microwave treated DAF sludge. Further trials have 

investigated the effect of oxidation, with H2O2 added 

to the sample prior to the microwave reactor. 

 

2.3 Analytical approach 

Microwaved samples are analysed by standard 

methods for pH, total solids (TS), volatile solids 

(VS), total COD (TCOD) and soluble COD (SCOD). 

These physico-chemical properties provide context 

for any effects observed in the treated samples. For 

example, solubilisation of solid content should result 

in improved biomethane production. Determination 

of LCFA concentrations is the most important 

measure of the effectiveness of the treatment on the 

DAF sludges as these are the compounds that cause 

the inhibitory effect. Analysis of volatile fatty acid 

(VFA) content may indicate if LCFAs are broken 

down to shorter chain fatty acids with additional 

benefits for AD as VFAs are a readily available 

carbon substrate. Biomethane potential (BMP) trials 

are performed on microwave treated products which 

exhibit good LCFA reduction. These BMP 

experiments will demonstrate the suitability of the 

pre-treated feedstock for AD, if the inhibitory effect 

has been overcome, and any increase in potential for 

biomethane production as a result of microwave 

treatment. Continuous sampling and analysis also 

indicate the rate of reduction of COD in the AD batch 

experiments. 

 

3 Results 

3.1 LCFA reduction 

Results are preliminary at this stage. However, they 

indicate that LCFA concentrations are reduced by 

microwave treatment and that the reduction increases 

with increasing temperature (Figure 2). The greatest 

reduction in concentration is seen at >95°C for a 

DAF sludge from a butter plant.  

 

 
Figure 2: LCFA concentrations in microwave treated dairy 

sludge from a processer producing butter and cream. Results 
are from the untreated sample and microwave heated to 55, 
80 and >95 °C. Reductions at >95 °C are 59, 53, 60 and 85 % 

for oleic acid, stearic acid, palmitic acid and myristic acid, 
respectively.  
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Figure 3: Results from batch degradation experiments at 20°C using an untreated DAF sludge from a milk processing plant as 
feedstock, and the same sludge microwave treated to >95°C. Cumulative biomethane production over 21 days from AD inoculum 

fed with NT sludge and microwave treated sludge in absolute volume (A) and volume per gCOD added (B). Reduction in COD in 
each batch experiment over the course of the 21 days expressed in g/L (C) and % TCOD removal (D). 

3.2 Biomethane potential 

Similar results were seen in the LCFA 

concentrations in a sample from a milk processing 

plant with reductions of up to 30% in samples treated 

at >95°C in the microwave system. This feedstock 

was then applied to an anaerobic batch degradation 

experiment to determine the BMP of the reactors 

when fed with an untreated sample and one treated at 

>95°C. The microwave treatment appears to have 

improved the methane yield of the digester with 

microwaved feedstock applied (Figure 3A), even 

when normalised to gCOD added. At the same time, 

COD removal efficiency is improved by microwave 

treatment with no lag seen for the treated sample in 

the batch degradation experiment.  

 

3.3 Effect of oxidation 

The effect of addition of H2O2 to the samples just 

prior to microwave treatment was investigated to 

determine if LCFA reduction rates could be further 

improved by oxidation. Again, results are 

preliminary, and the oxidation rate has yet to be 

optimized. However, initial tests suggest that there 

are further gains to be made with addition of H2O2. 

Reductions in LCFAs in the DAF sludge from a milk 

processor were up to 50% with oxidation at 95°C 

(Figure 4), whereas 30% reductions had been 

observed with temperature alone. 

 

3.4 Impact on COD 

There was no impact expected on TCOD of samples, 

but significant increases in SCOD were seen for 

samples with concomitant significant decreases in 

LCFA concentrations, such as the treated samples in 

Figures 2 and 3 above.  
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Figure 4: Effect of oxidation with H2O2 at two dosing rates at 
95°C on DAF sludge from a milk processing plant. LCFA 

concentrations in the untreated sample, treatment at 95°C 
without oxidation, treatment at 95°C with 0.05% H2O2 per % 
TS (O1), and 0.17% H2O2 per % TS (O2) are shown. Reductions 

at oxidation rate O2 are 41, 35, 32 and 50% for oleic acid, 
stearic acid, palmitic acid and myristic acid, respectively. 

 

4 Discussion 

The initial results seen to date in this project are very 

encouraging. There is a clear trend in LCFA 

reduction with increasing temperature across 

multiple sludge types. Reductions of up to 80% were 

achieved, however, the largest gains are seen in the 

shorter C14 fatty acid, which is in lower abundance 

than the longer chain C18 and C16 fatty acids. 

Reductions of ~60% were observed for the C18 and 

C16 in the butter plant DAF sludge. Oxidation with 

hydrogen peroxide resulted in improved LCFA 

reduction above what can be achieved with 

temperature alone. The optimal dosing rate has yet to 

be determined. 

Variation in the results between samples has 

been observed with greater LCFA reductions seen in 

the DAF sludge from the butter producer. This may 

be due to differences in wastewater treatment (e.g., 

polymer dosing rate) or due to some other factor in 

the composition of these highly complex samples. 

This highlights the importance of testing real world 

samples to capture the variability found across 

processers.  

The improvement in biomethane yield at 20°C 

seen in the batch degradation experiment indicates 

that the inhibitory effect of the LCFAs, and 

presumably polymer, is reduced by the microwave 

process. Increased SCOD in the treated feedstock 

almost certainly contributes to this effect as well, as 

soluble material is more easily digested. This data 

indicates that an improved biogas yield can be 

obtained by diverting this waste stream from 

disposal and pre-treating it for AD. Further 

experiments will indicate the longevity of this effect 

and contribute to the calculation of the energy 

balance of the process and indicate transport cost, 

energy and CO2 savings that can be achieved.  

 

5 Conclusions 

The preliminary results of these trials indicate that 

the Biowave™ microwave pre-treatment of dairy 

FOG waste offers a viable solution to the breakdown 

of LCFAs and generation of a feedstock suitable for 

AD. There are multiple advantages to be gained from 

the process, once optimised. Instead of land 

spreading the DAF sludge, pre-treatment offers the 

opportunity to access the energy potential of the 

FOG material. The reduction of LCFA concentration 

in the treated feedstocks and enhanced biomethane 

production in AD experiments point to improved 

bioenergy yield. Reduction of CO2 emissions from 

both transport and disposal makes for an important 

contribution to the circular economy. Financial 

savings in energy and disposal costs will be available 

to dairy processers that invest in this cutting-edge 

technology. 
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With Covid-19 still affecting most of the European 

countries and indeed the whole world with 

lockdowns or severe restrictions on peoples’ 

movement, I thought appropriate to reproduce the 

following Open Access article [1], regarding the 

effects of Ventilation on the indoor spread of Covid-

19 by Prof. Paul Linden of the Department of 

Applied Mathematics and Theoretical Physics at the 

University of Cambridge. 

Ventilation systems in many modern office 

buildings, which are designed to keep temperatures 

comfortable and increase energy efficiency, may 

increase the risk of exposure to the coronavirus, 

particularly during the coming winter, according to 

research published in the Journal of Fluid 

Mechanics. 

“As winter approaches in the northern 

hemisphere and people start spending more time 

inside, understanding the role of ventilation is critical 

to estimating the risk of contracting the virus and 

helping slow its spread” -Paul Linden 

A team from the University of Cambridge 

found that widely-used ‘mixing ventilation’ systems, 

which are designed to keep conditions uniform in all 

parts of the room, disperse airborne contaminants 

evenly throughout the space. These contaminants 

may include droplets and aerosols, potentially 

containing viruses. 

The research has highlighted the importance of 

good ventilation and mask-wearing in keeping the 

contaminant concentration to a minimum level and 

mitigating the risk of transmission of SARS-CoV-2, 

the virus that causes COVID-19. 

The evidence increasingly indicates that the 

virus is spread primarily through larger droplets and 

smaller aerosols, which are expelled when we cough, 

sneeze, laugh, talk or breathe. In addition, the data 

available so far indicates that indoor transmission is 

far more common than outdoor transmission, which 

is likely due to increased exposure times and 

decreased dispersion rates for droplets and aerosols. 

“As winter approaches in the northern 

hemisphere and people start spending more time 

inside, understanding the role of ventilation is critical 

to estimating the risk of contracting the virus and 

helping slow its spread,” said Professor Paul Linden 
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