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Executive Summary 

Biogas is increasingly used at Australian piggeries to produce heat and generate electricity, with 
current uptake of biogas by about 13.5% of total Australian pork production. Biogas is produced by 
anaerobic treatment, a natural microbial process converting pig manure organic matter into 
valuable methane (plus carbon dioxide as a by-product). By capturing and burning the biogas in a 
generator, flare or hot water system, greenhouse gas (GHG) emissions are also reduced by up to 64% 
across an Australian pork supply chain. Income from the sale of carbon credits has been a strong 
incentive to adoption of biogas in Australia, with income to date from carbon credits amounting to 
an estimated $4.5M. The present project facilitated further uptake of biogas, by supporting Pork 
CRC biogas demonstration piggeries; contributing to other Pork CRC biogas related projects (4C-109, 
4C-113, 4C-111), and conducting further targeted biogas-related research in support of piggeries 
that were installing biogas systems during the project period.  
 
A low cost, and simple design and operation have made covered anaerobic ponds (CAPs) popular for 
biogas production at Australian piggeries. However, accumulation of float layers and/or sludge are 
on-going concerns with CAPs. Scum/crust can damage pond infrastructure or restrict methane 
collection and sludge displaces active pond volume over time and eventually has to be extracted. 
Solids separation upstream of a CAP reduces solids loading and thereby reduces sludge accumulation 
in a CAP. However, solids separation also removes organic matter (VS) and so decreases methane 
yield. The present research quantified these losses for selected solids separation techniques 
commonly used in the Australian pork sector. Manure samples were collected before and after solids 
separation equipment at commercial piggeries which were installing or commissioning biogas 
systems. Methane yield and total solids (TS) and volatile solids (VS) were measured. The results 
showed a 17-31% decrease in methane yield across screw presses and a 22% decrease in methane 
yield across a static run-down screen. A higher VS removal extent corresponded to a higher methane 
yield loss. The majority of methane yield was therefore not in the separated solids, but in the 
screened liquid fraction. Overall, VS reduction extent seemed to be a reasonable baseline indicator 
of anticipated methane yield losses by solids separation, an outcome that is important for 
greenhouse gas accounting, such as conducted for the Emissions Reduction Fund.  
 
Safety and maintenance associated with high concentrations of hydrogen sulphide (H2S) is 
discouraging further use of biogas at piggeries. Specifically, H2S concentrations in piggery biogas is 
as high as 2-4 times the immediate lethal dose for humans, and 2-4 times the level readily tolerated 
by biogas use equipment. A number of commercial H2S removal methods are available, but these 
are not practical or cost-effective for Australian piggeries. To assess options, on-farm trials were 
conducted at two commercial piggeries. One trial tested biological H2S oxidation, adding small 
amounts of air to biogas upstream of an enhanced surface treatment vessel, and using CAP effluent 
as nutrient source for a biofilm of naturally occurring microorganisms. Results showed that 
treatment was very effective, removing over 90% of the H2S and reducing H2S concentrations from 
4,000 ppm to <400 ppm. Another trial tested chemisorption performance of a natural iron-rich soil 
as a safer and more cost-effective option to commercial chemisorption media. The red soil removed 
H2S, but substantially less (~2 g S/kg red soil) than cg5 commercial media (~200 g S/kg media). 
Therefore, red soil would only be feasible for final polishing of biogas after an initial biological 
oxidation step removed most of the H2S. Having these two steps in sequence (biological oxidation 
followed by chemisorption) would help reduce H2S load on the chemisorption media, which can then 
last longer and require less frequent replacement. In this way operating costs are reduced and 
hazardous exposure to the high reactivity of commercial chemisorption media is minimised.  
 
In the future, food by-products unsuitable as a pig feed will be anaerobically co-digested to boost 
methane production and meet onsite energy demands. However, based on results from joint 
research with an Australian Pork Limited project, it was recommended that food by-products should 
be used as a pig feed wherever nutritionally, legislatively and economically appropriate. This is 
because the value of pig feed far exceeds the value of biogas methane energy in the current energy 
pricing climate in Australia. Recommendations for future research includes further fine tuning and 
development of the H2S removal options described herein. 
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1. Introduction 

Biogas is increasingly used at Australian piggeries to produce heat and generate 
electricity, with current uptake of biogas by about 13.5% of total Australian pork 
production. Biogas is produced by anaerobic treatment, a natural microbial process 
converting pig manure organic matter into valuable methane (plus carbon dioxide as a by-
product). By capturing and burning the biogas in a generator, flare or hot water system, 
greenhouse gas (GHG) emissions are also reduced by up to 64% across an Australian pork 
supply chain (Wiedemann et al., 2016). Income from the sale of carbon credits has been a 
good incentive to adopt biogas at piggeries in Australia, with income to date from carbon 
credits amounting to an estimated $4.5M. 
 
The present project sought to facilitate further uptake of biogas in the Australian and New 
Zealand pork sectors, by; 
1. providing research support for on-going testing and development at Pork CRC biogas 

demonstration piggeries (described in this report); 

2. contributing to other Pork CRC projects that developed strategies to overcome 

inhibition of manure anaerobic treatment (4C-109), increased the understanding of 

anaerobic co-digestion to boost methane production (4C-113) and developed 

anaerobic treatment options for spent piggery litter (4C-111); and 

3. conducting additional targeted biogas-related research in support of piggeries that 

were installing biogas systems during the project period (described in this report).  

The research described in this report (a) developed low-cost practical options for removal 
of H2S, a corrosive and toxic trace ingredient present in piggery biogas at 2-4 times the 
immediate lethal concentration to humans, and (b) quantified methane yield losses from 
pretreating manure to separate coarse solids prior to biogas production in a covered 
anaerobic pond. The detailed background to each of these research areas is described 
separately below. 
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2. The effect of solid-liquid separation on methane yield 
from covered anaerobic ponds 

This research is in preparation as a journal manuscript to be submitted to Animal 
Production Science; S. Tait, Astals S., Batstone D.J. (2017). Impact of solids separation 
from pig manure on methane potential from covered anaerobic ponds. 

2.1 Introduction 

Low cost and a simple design have made covered anaerobic ponds (CAPs) popular in parts 
of the Americas and in Australia, where the prevailing climate is temperate and land is 
reasonably available (Mittal, 2006). However, the accumulation of float layers and/or 
sludge are a concern with CAPs (Batstone & Jensen, 2011). Scum/crust influences methane 
recovery (McCabe et al., 2014), can damage a pond cover (Jensen et al., 2015) or can 
block biogas collection systems. Accumulating sludge also displaces active pond volume, 
and thereby increases the design pond size that is required (ASABE, 2011). Sludge 
eventually has to be extracted, adding to maintenance costs.  
 
Separation of manure solids upstream of a CAP can reduce solids loading on the CAP and 
thereby reduces the propensity for scum, crust and sludge formation (Kruger et al., 1995). 
This means that by separating out solids, the pond size can be decreased, and/or sludge 
can be less frequently extracted. However, separation of manure solids also removes 
organic matter and with it methane potential (Birchall, 2010). There have been many 
studies on methane yield from screened manure solids (Campos et al., 2008; Deng et al., 
2012; Deng et al., 2014; Gonzalez-Fernandez et al., 2008a; Gonzalez-Fernandez et al., 
2008b; Moller et al., 2007a; Moller et al., 2007b; Moller et al., 2004a; Moller et al., 2004b; 
Sommer et al., 2015; Sutaryo et al., 2013; Thygesen et al., 2014; Yang et al., 2015). In 
most cases, the interest has been in producing methane from the separated solids in fully 
mixed heated digesters. Consequently, the emphasis has been on the methane potential of 
the separated solids. However, with CAPs being popular in Australia, it is the methane 
yield of the liquid fraction that is important.  
 
Various solids-separation methods differ greatly in their extent of solids removal (Table 
2.1, (Payne, 2014)). Flush manure solids consists mostly of organic matter (measured as 
volatile solids or VS), so that VS removal extents are broadly similar to solids removal 
extents (Skerman et al., 2013). A reasonable baseline assumption has been that methane 
yield loss from a CAP is proportional to the extent of VS removal by solids separation 
(Table 2.2). However, separated solids can have lower methane yields than the liquid 
fraction (Sommer et al., 2015), so that methane yield losses and VS reduction extent 
would be less than proportional.  
 
The removal of VS and associated methane yield loss is also important for greenhouse gas 
accounting. For example, the Emissions Reduction fund, which incentivizes emissions 
reduction by capture and use of manure methane, requires an estimate of baseline 
emissions as in the absence of a biogas project. Such baseline emissions are influenced by 
VS removal upstream of a CAP and therefore requires reliable assumptions/methods to 
account for the effect of the upstream solids separation. 
 
During the project period, some Australian piggeries were installing or had installed biogas 
systems, and were interested to understand the impact of solids separation on anticipated 
methane yield. As part of the live support offered by the Bioenergy Support Program, 
manure samples were collected from these piggeries before and after solids separation to 
quantify methane yield losses.  
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Table 2.1 - Solids removal efficiency and operating cost ($/t of solids removed) of 
separation systems (Payne, 2014). 

  Total Solids removal 
efficiency (% TS) 

200 sow 
high 
flush 

200 sow 
low 
flush 

2,000 
sow high 
flush 

2,000 
sow low 
flush 

  
  1.2% TS 

(high flush) 
3.1% TS 
(low flush) 

Vibrating screen 10 20 $333 $119 $96 $33 

Rotating Screen 10 15 $387 $160 $89 $55 

Screw Press 
Separators 

10 20 $200 $76 $108 $35 

Belt Pressesa 10 20 $470 $153 $172 $62 

Centrifuge/ 
Decanters 

20 30 $451 $270 $67 $43 

Static Rundown 
Screen 

20 20 $96 $83 $39 $32 

Hydrocyclones 25 25 $80 $55 $29 $18 

Baleen Filter 
screen 

30 30 $112 $143 $29 $29 

Sedimentation 
Basin 

50 50 $139 $148 $49 $51 

Tangential Flow 
Separators 

50 50 $361 $361 $108 $85 

Z-Filterc 59 59 $92 $54 $87 $44 

Z-Filterd 59 59 $81 $51 $75 $40 

SEPSb 60 60 $15 $10 $8 $6 

Dissolved Air 
Flotation 

70 70 $122 $119 $44 $37 

Dry scraping 
Systems 

100 100 $15 $14 $10 $10 

adoes not include cost of polymer use. 
bSedimentation and Evaporation Pond Systems 

cbased on retail price for chemicals 
dallowed 20% discount price for chemicals 
*data also from (Watts et al., 2002b) 

 
Table 2.2 – Typical percentages of TS and VS removal by pre-treatment systems used in 
the Australian pork industry (Adapted from Skerman et al. (2013)). 

Pre-treatment system TS VS References 

Rotating screen 15 20 (Tucker et al., 2010) 

Static rundown screen 20 25 
(Casey et al., 1996; Skerman & 
Collman, 2006) 

Vibrating screen 20 25 
(Casey et al., 1996; Skerman & 
Collman, 2006) 

Baleen filter screen 30 37 (Tucker et al., 2010) 

Screw press separator 32 37 (Watts et al., 2002a) 

Settling Basin 55 70 (Kruger et al., 1995) 

Sedimentation and Evaporation Pond 
Systems (SEPS) 

77 82 (Payne et al., 2008) 
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2.2 Methods 

Samples of raw pig flush manure (RI) and liquid fraction from solids separation (LF) were 
collected from four commercial piggeries (P1-P4). Piggeries P1-P3 were grow-out units in 
South Australia, belonging to the same business (three sites in close vicinity), and were 
sampled during two separate events (November and June, denoted as summer and winter, 
respectively). P1-P3 used a screw press separator (FAN Separator GmbH, Model PSS 2, 0.5 
mm screen size), fed with RI that was pumped from a well-mixed in-ground intermittent 
storage tank. The intermittent storage tank had a sufficient volume to hold the entire 
manure flush from multiple pig sheds onsite. The liquid fraction from the screw press was 
returned to the intermittent storage tank, before being pumped to an uncovered 
anaerobic pond for treatment. Samples of RI were collected with a sample bucket from 
the intermittent storage tank, taking care to sample liquid which was being reasonably 
mixed by agitation in the normal agitation in the storage tank. Samples of LF were 
collected from the return line from the screw press back to the intermittent storage tank. 
To minimize the cumulative effect of the screw press on flush manure strength, samples 
were collected shortly after the flush from multiple pig sheds had been discharged into 
the intermittent storage tank, and the liquid level in the storage tank was high (1.8m). 
However, the storage tank was never fully emptied and so contained about 0.5m of liquid 
before the manure flush had been discharged from the pig sheds (typical operation at 
these piggeries). It was not possible to collect representative samples of screened solids 
from P1-P3, so a mass balance approach was instead used to partition differential flow 
volumes between the liquid and solid fractions. Figure 2.1 below shows relevant 
infrastructure at piggery P1. 
 

 

Figure 2.1 Photos of relevant solids separation infrastructure at piggery P1, from 
which samples were collected for the solids separation methane yield loss study, 
including (Top) well-mixed in-ground intermittent storage tank, and (bottom) the 
screw-press separator used for solids separation. 
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Piggery P4 was a commercial grow-out unit in South-East Queensland, Australia, from 
which samples were collected in June (winter). Piggery P4 had a near identical manure 
management system to P1-P3, except that a static run-down screen with 0.5mm size cut-
off was used instead. At P4, an intermittent storage tank located near the pig shed (away 
from the screen) received the flush manure from multiple sheds and RI was pumped from 
this storage tank to the run-down screen. On the sampling day, the intermittent storage 
tank at P4 operated near-identically to that described for P1-P3 above. For P4, samples of 
RI were collected from a sample tap in the pipeline between the intermittent storage tank 
and the run-down screen. Sufficient time was allowed for pumped manure to completely 
flush the pipeline before a sample of RI was collected. LF at P4 was collected from the 
end of a pipe discharging the screened liquid manure. A representative sample of screened 
solids was collected directly from the lip of the run-down screen shortly after the LF had 
been collected (same manure flush. Figure 2.2 below shows relevant infrastructure at 
piggery P4. 

 

 

Figure 2.2 Photo of run-down screen used at piggery P4, from which separated solids 
samples were collected. 
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All samples were analysed for Total solids (TS), VS and Biochemical Methane Potential 
(BMP). The June samples were analysed for volatile fatty acids (VFAs). TS and VS were 
measured according to Standard Method 2540G (APHA, 2012). Volatile fatty acids (i.e. 
acetic, propionic, butyric and valeric) were analysed with an Agilent 7890A gas 
chromatograph equipped with an Agilent DB-FFAP column. BMP was analysed in triplicate 
in 160 mL (working volume 100mL) non-stirred serum bottles. Inoculum was sludge 
collected from the base of a partially covered anaerobic pond located at a Queensland 
breeder piggery (Skerman & Collman, 2012). Inoculum was added to each test bottle at an 
inoculum-to-substrate ratio (ISR) of two on a VS basis. The serum bottles were flushed 
with 100% N2 gas for about 1 min (4 L.min-1), after which they were immediately sealed 
with butyl rubber stoppers retained with aluminium crimp seals, and placed in a 
temperature-controlled incubator at 37 ± 1°C. Samples of headspace gas were periodically 
collected from each test bottle using a gastight syringe and fine gauge needle.  Biogas 
volume was measured using an acidified water displacement manometer and methane 
content was determined by gas chromatography using a Shimadzu GC-2014 equipped with 
a HAYESEP Q80/100 column and the method described by Astals et al. (2015). The serum 
bottles were mixed by swirling by hand after every gas sampling event, but not in-
between sampling events. For analysis of the BMP data, background methane production 
of substrate-free blank bottles (no manure sample, only inoculum) were subtracted from 
methane produced by the test bottles, and the net cumulative methane was normalized 
with respect to the mass of RI or LF sample originally added to the test bottle. The 
resulting data was then fitted by non-linear regression analysis using a simple first-order 
kinetic model (equation 1) in Aquasim 2.1d (Reichert, 1994) shown in Equation 1: 
 

Bt = Bv(1 − e−k.t)      (1) 
 
where: 

Bv = Maximum normalized biochemical methane potential (mL CH4/g RI added, or mL 
CH4/g LF added).  
k = fitted first-order kinetic rate (day-1) 
t = time (days). 
 
Parameter uncertainty in Bv and k was estimated at the 95% confidence level using a two-
tailed t-test on parameter standard error around the optimum value as determined from a 
Secant Fisher information matrix as described by Jensen et al. (2011). The value of k is 
indicative of the speed of anaerobic digestion. The Bv value for RI corresponds to the 
anticipated methane potential in the absence of any solids separation. The Bv value for LF 
corresponds to the anticipated methane potential when solids separation is used. Where 
relevant, uncertainty was propagated analytically as described by Batstone (2013).  
 
Because the solids from P1-P3 were not analysed, the mass balance calculations instead 
assumed a TS content for the screw press screenings at 270 g.L-1, in accordance with 
previous measurements for screw presses in a Western Australian study (Payne, 2014) and 
a recent Danish study (Sommer et al., 2015). The TS content of the screened solids at P4 
was the measured value.  Differential flows of the liquid and solid fractions were 
proportioned to match these TS values in the screened solids (TSss, assumed or measured), 
in accordance with the following mass balance relationships: 
 

𝑇𝑆𝑠𝑠 =
(𝑀𝑅𝐼 × 𝑇𝑆𝑅𝐼−𝑀𝐿𝐹 × 𝑇𝑆𝐿𝐹)

𝑀𝑠𝑠
     (2) 

 
𝑀𝑠𝑠 = 𝑀𝑅𝐼 − 𝑀𝐿𝐹      (3) 
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where TSRI and TSLF are measured TS concentrations (g.kg-1) in the raw flush manure and 
the liquid fractions, respectively, and MLF and Mss are the relative volumes of the raw 
manure, liquid and solids fractions, compared to a nominal value MRI = 1.  
    
Methane yield loss was then calculated as follows: 

  𝐶𝐻4𝑙𝑜𝑠𝑠(%) =
(𝑀𝑅𝐼 × 𝐵𝑣,𝑅𝐼 − 𝑀𝐿𝐹 × 𝐵𝑣,𝐿𝐹)

𝑀𝑅𝐼 × 𝐵𝑣,𝑅𝐼
   (4) 

which for P4 was then compared with the calculated result of equation 5, as a consistency 
check: 

 𝐶𝐻4𝑙𝑜𝑠𝑠(%) =
𝑀𝑆𝑆  × 𝐵𝑣,𝑠𝑠

𝑀𝑅𝐼 × 𝐵𝑣,𝑅𝐼
     (5) 

The removal efficiency of TS and VS (X) were also calculated using the following generic 
mass balance equation (similar to Equation 4): 

  𝑋𝑙𝑜𝑠𝑠(%) =
(𝑀𝑅𝐼 × 𝑋𝑅𝐼 − 𝑀𝐿𝐹 × 𝑋𝐿𝐹)

𝑀𝑅𝐼  × 𝑋𝑅𝐼
    (6) 

2.3 Results 

Table 2.3 presents key measured characteristics of the collected manure samples. The 
measured TS and VS contents were within the range reported elsewhere for unscreened 
pig manures from Australian grower units (Gopalan et al., 2013). Whilst TS contents in the 
June samples were generally higher, the consistent VS/TS ratios between June and 
November (Table 2.3) indicated that TS differences were due to water usage differences 
and not due to differences in shed losses by pre-fermentation. As expected, the solid-
liquid separation step removed both TS and VS (Table 2.3), but the raw slurries had a 
higher VS/TS ratio than the liquid fractions (Table 2.3). This indicated that the screened 
solids from P1-P3 would have been mostly organic matter (i.e. VS). In agreement, the 
screened solids from P4 also had a high VS/TS ratio (Table 2.3).  
 
TS and VS removal efficiency by the screw press at P1 was estimated at 35-41% and 38-
45%, respectively, which is higher than typical (Table 2.2). TS and VS removal efficiency 
by the screw press at P2 was estimated at 22-37% and 26-42%, respectively, which is 
consistent with typical performance (Table 2.2). TS and VS removal efficiency by the 
screw presses at P3 was estimated at 23% and 27%, respectively, which is lower than 
typical (Table 2.2). TS and VS removal efficiency by the static screen at P4 was estimated 
at 22% and 25%, respectively, which was consistent with typical performance (Table 2.2).  
 
Methane yield losses ranged from 20-30% for the screw presses at P1-P3, which is less than 
proportional to the typical VS removal extent of a screw press (37%, Table 2.2). The 
methane yield loss of 22% for the static run-down screen at P4, was consistent with typical 
VS removal extents (Table 2.2).  
 
VFA analysis indicated a large proportion of VS content consisted of VFAs, with up to 40% 
of VS being VFAs in the case of RI, and up to 60% of VS being VFAs in the case of LF. In 
contrast, as expected, only 4% of VS was VFAs in the case of the separated solids sampled 
from P4. It is noted here that VS measurements by the Standard Methods (APHA, 2012) can 
be affected by VFA losses, volatilizing during TS determination by evaporation to dryness 
at 103-105°C (Birchall, 2010). This is not usually an issue with domestic wastewater 
samples where VFA content is low, but can affect agricultural samples where high VFA 
levels often result from natural fermentation (See results below). The consequence is that 
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VS removal or TS removal efficiency calculated by Equation 6 can be significantly higher 
than actual. The same applies to the literature data presented below for comparison. 
However, the calculated methane yield losses by Equation 4 would be much less affected, 
because VFA losses would be similar for RI and LF, thereby cancelling out in the mass 
balance calculations of Equations 1 and 2, and separated solids have a much lower 
proportion of VS as VFAs, as observed for P4. These could be reasons for methane yield 
loss being less than proportional to VS reduction (Table 2.4). Again, methane yield loss is 
accurate, but estimated TS and VS reduction could be higher than actual.  
 
The rates of conversion of manure into methane (k values, Table 2.3) varied over the 
range of 0.15 to 0.27 d-1, which was slightly higher than rates reported elsewhere for 
unscreened pig manures from Australian grower-finisher sheds (Gopalan et al., 2013).  
 
 
Table 2.3 - Measured characteristics of manure samples collected in November and 
June. Average values are given for triplicate analyses ±error estimated at the 95% 
confidence level. 

Sample* TS 
(g kg-1) 

VS 
(g kg-1) 

VS/TS 
(%) 

Bv 
(L CH4/  
kg fed) 

B0 
(L CH4/ 

kgVS fed) 

khyd (d
-1) 

 

The present study 

Nov        

P1 RS 63 ± 1 51 ± 2 0.81 ± 0.03 20.7 ± 0.4 409 ± 9 0.17 ± 0.01 

P1 LF 40.9 ± 0.2 30.7 ± 0.5 0.75 ± 0.01 15.7 ± 0.7 509 ± 21 0.15 ± 0.02 

P2 RS 38 ± 0.4 29 ± 1 0.77 ± 0.02 13.8 ± 0.4 470 ± 14 0.16 ± 0.01 

P2 LF 30.4 ± 0.5 22 ± 1 0.74 ± 0.02 11.8 ± 0.4 524 ± 19 0.14 ± 0.02 

P3 RS 46 ± 1 36 ± 1 0.79 ± 0.03 14.9 ± 0.3 413 ± 10 0.18 ± 0.01 

P3 LF 36.5 ± 0.3 27.3 ± 0.1 0.75 ± 0.01 12.4 ± 0.4 456 ± 13 0.16 ± 0.01 

Jun       

P1 RS 88.9 ± 0.4 73 ± 1 0.82 ± 0.01 24.1 ± 0.9 331 ± 12 0.21 ± 0.03 

P1 LF 65 ± 0.3 51 ± 1 0.78 ± 0.02 19.8 ± 0.3 389 ± 5 0.24 ± 0.01 

P2 RS 86 ± 1 69 ± 3 0.81 ± 0.04 28 ± 0.5 405 ± 7 0.24 ± 0.01 

P2 LF 61 ± 0.3 45 ± 3 0.74 ± 0.04 23.7 ± 0.4 528 ± 8 0.2 ± 0.01 

P4 RS 20.1 ± 0.4 16 ± 1 0.79 ± 0.03 5.8 ± 0.2 360 ± 11 0.27 ± 0.03 

P4 LF 17.3 ± 0.2 13.3 ± 0.4 0.77 ± 0.02 4.99 ± 0.13 376 ± 9 0.27 ± 0.03 

P4 SS 132 ± 11 117 ± 9 
0.89 ± 0.1 

36 ± 0.6 306 ± 5 0.2 ± 0.01 

Literature data (Sommer et al., 2015) 

RS 90 70 78 - 420 - 

Screw press LF 66 45 68 - 480 - 

Screw press SS 271 245 90 - 350 - 

*Sample codes designate the respective piggeries as P1-P4, and raw flush manure (RS), 
liquid fraction (LF) or solids fraction (SS)  
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Table 2.4 – Estimated performance of and methane yield loss by solids separation at 
piggeries P1-P4 

Sample* TS removal# 
(%) 

VS removal#  
(%) 

Methane yield 
loss$ (%) 

Screw press     

P1 – November 41 45 31 

P1 – June 36 38 27 

P2 – November 23 26 17 

P2 – June 37 45 25 

P3 – November 23 27 20 

Sommer et al. (2015) 35-36 43-44 - 

Static run-down screen    

P4 – June 22 25 22 

Decanter centrifuge    

Sommer et al. (2015) 60 64 - 

Flocculation-drainage    

Sommer et al. (2015) 97 97 - 

*Sample codes designate the respective piggeries as P1-P4; #Calculated using Equation 6; 
$Calculated using Equation 4. 

2.4 Applications 

Solids separation can be used to reduce VS loading on a covered anaerobic pond (CAP), 
thus decreasing the propensity for scum/sludge formation and pond size required. This 
reduces construction costs and maintenance costs associated with ongoing desludging.  
 
Results of the present study confirmed that VS reduction by solids separation also reduces 
methane yield recoverable from a CAP (an unwanted effect), specifically by 17-31% for a 
screw press and by 22% for a static run-down screen. Also, a solids separator has on-going 
operating costs, including for chemicals and energy. In general, the net operational and 
cost benefits would need to outweigh the methane yield loss. Costs and benefits need to 
be compared on a site-by-site basis, considering the specific biogas energy value and also 
anticipated savings in labour costs from less frequent desludging, because of the reduced 
solids loading on the CAP. 
 
Greenhouse gas accounting, such as used by the Emissions Reduction Fund (ERF), assumes 
that solids separation reduces manure methane emissions, and that the reduction in 
emissions is proportional to the extent of VS removed by the solids separation. From the 
present results, these appear to be reasonable assumptions, with the present results 
showing that assumed VS removal extents for a screw press (37%, (Skerman et al., 2013)) 
and static rundown screen (25%, (Skerman et al., 2013)), are reasonable conservative 
indicators of the reduction in manure methane. This is important for baseline calculations 
by the ERF, influencing carbon credits generated by existing piggery projects. In addition, 
future emissions abatement methodologies may provide carbon credits for separating out 
manure solids upstream of an uncovered effluent ponds. In this case, VS reduction extent 
would be a reasonable indicator of anticipated reduction in methane emissions. 
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The results showed that solids separation using a screw press or static screen is not a good 
way to capture separated solids as a feedstock for anaerobic digestion in mixed heated 
digesters. This is because most of the methane yield remains in the liquid fraction. For the 
recovery of manure solids as the feedstock for anaerobic digestion, a different separation 
method with higher VS removal extent should be used, e.g. a Z-Filter or flocculation-
drainage system (Payne, 2014; Sommer et al., 2015). 
 
Following the findings of this study, one of the piggeries from which samples were 
collected, continued to use a screw press to preserve the life of the CAP at this piggery. 
The other piggery discontinued the use of a static screen, because manure was instead 
being digested in an in-ground mixed heated digester that does not tend to accumulate 
much sludge. Consequently, the owners of this piggery were less concerned about sludge 
accumulation and were more concerned about maximizing biogas production.   
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3. Practical options for hydrogen sulphide (H2S) removal 
from piggery biogas 

This research is under review as a manuscript submitted to the journal Process Safety and 
Environmental Protection; A.G. Skerman, S. Heubeck, D.J. Batstone, S. Tait (2017). On-
farm trials of practical options for hydrogen sulphide removal from piggery biogas. 

3.1 Introduction 

High concentrations of hydrogen sulphide (H2S) in raw piggery biogas (500-3000ppm) 
(Heubeck & Craggs, 2010; Safley & Westerman, 1988) currently discourages biogas use on-
farm in Australia. These concentrations of H2S are extremely hazardous and highly 
corrosive (Table 3.1). For example, 3000 ppm H2S is three times the immediate lethal 
concentration for humans (Table 3.2). This is specifically an issue because of a lack of 
practical and cost-effective H2S removal options. Many commercial H2S removal methods 
exist (Ryckebosch et al., 2011) but have limited applicability because of high cost, 
complexity and safety issues associated with the typical remote location of Australian 
piggeries. 
 
Table 3.1 Recommended maximum H2S concentrations in biogas used in a range of 

applications (from Skerman (2017), adapted from Zicari (2003)). 

Application Recommended 
maximum biogas 
H2S concentrations 
(ppm) 

Reference 

Heating (Boilers) 1000  Wellinger and Lindberg (2005) 

Kitchen Stoves 10 Zicari (2003) 

Internal Combustion Engines 100 
(Otto cycle engines 
more susceptible 
than 
diesel engines) 

Wellinger and Lindberg (2005) 

Micro-turbines 70,000  Capstone Turbine Corporation (2003)  

Fuel Cells (FC): 

PEMFC (Proton exchange 
membrane): 

PAFC Phosphoric acid): 
MCFC (Molten carbonate): 
SOFC (Solid oxide): 

 
 
 

20 

10 
1 

XENERGY (2002)  

Stirling Engines 1000 STM Power (2002) 

Natural Gas Upgrade 4 Wellinger and Lindberg (2005) 

Kohl & Neilsen (1997) 
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Table 3.2 Human physical reactions following exposure to H2S, at a range of 

concentrations (from Skerman (2017), adapted from (Aquafix, 2015)). 

H2S concentration 
(ppm) 

 

Physical Reaction 

0.03 Can smell. Exposure is safe for up to 8 hours. 

4 May cause eye irritation. Mask must be used, as it damages metabolism. 

10 10-minute maximum exposure. Kills smell in 3-15 min. Causes gas eye and 
throat injury. Reacts violently with dental mercury amalgam fillings. 

20 Exposure for more than 1 min causes severe injury to eye nerves. 

30 Loss of smell, injury to blood brain barrier through olfactory nerves. 

100 Respiratory paralysis in 30-45 min. Needs prompt artificial resuscitation. 
Will become unconscious quickly (15 min max). 

200 Serious eye injury and permanent damage to eye nerves. Stings eye and 
throat. 

300 Loses sense of reasoning and balance. Respiratory paralysis in 30-45 min. 

500 Asphyxia! Needs prompt artificial resuscitation. Will become unconscious 
in 3-5 min. Immediate artificial resuscitation is required. 

700 Breathing will stop and death will result if not rescued promptly, 
immediate unconsciousness. Permanent brain damage may result unless 
rescued promptly. 

 
Of the commercially available options, biological oxidation could be feasible, which 
involves adding a small amount of air into the biogas (2-6 % of total volume, Wellinger and 
Lindberg (2005)). This allows microbes to oxidise the H2S into elemental sulphur and/or 
sulfuric acid. Biological oxidation can be performed inside a digester or CAP, or in a 
purpose-built external treatment vessel (Ryckebosch et al., 2011), as long as oxygen, 
nutrients, moisture and an inoculum are available and conditions are conducive to 
microbial activity. A preliminary trial at an Australian piggery involved the careful and 
monitored addition of a small amount of air under the cover of a CAP. This resulted in a 
decrease in H2S from 1,300 ppm to less than detectable levels (Tait, 2014), indicating that 
relevant microorganisms were naturally present and active. Methane concentration 
decreased only marginally from 58% to 52% by volume, because of the small amount of air 
added (Tait, 2014). However, whilst these results were encouraging, the distribution of air 
under a large cover is generally unreliable when not closely monitored. In addition, 
elemental sulphur would form and may accumulate in a CAP, and may then be converted 
back into H2S, further exacerbating the H2S load over time. This was observed in the 
preliminary trial above, because when the air supply was stopped, H2S concentration 
rapidly increased to a higher level than before air addition, to about 3,000 ppm (Tait, 
2014). Over a subsequent 1-month period, the H2S concentration gradually decreased back 
to about 1,300 ppm (Tait, 2014). From this work, biological oxidation in an external 
treatment vessel was deemed more feasible with CAP installations. In the present 
research, it was of interest to develop a cost-effective and simple biological oxidation 
approach for on-farm use at Australian piggeries. Also, it was of interest to trial piggery 
CAP effluent as a cost-effective moisture, nutrient and inoculum source for biological 
oxidation, in order to minimise operating costs and to reduce treatment complexity.  
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Chemisorption with iron(III) in commercial iron oxide pellets is used at some Australian 
piggeries to treat for H2S, whereby the biogas is passed through a bed of the pellets and 
the H2S reacts with and is sequestered by iron(III) as a mineral precipitate (Ryckebosch et 
al., 2011). There were on-going safety concerns with these commercial media in the 
Australian pork sector, because of large quantities of heat released when previously 
reacted pellets are exposed to ambient air. Exposure to oxygen in ambient air causes a 
different set of chemical reactions than that which takes place when H2S reacts with the 
media, and the reactions with air are highly exothermic (heat-releasing). This is shown by 
heat camera photos in Figure 3.1, taken of commercial iron oxide pellets on a tray being 
exposed to air after it had been previously used to clean H2S from a gas stream. The heat 
camera detected surface temperatures on the pellets in excess of 100°C in a well-
ventilated and air conditioned laboratory.   
 

 
Figure 3.1 Photographs showing commercial iron oxide media (A) before and (B) after 
reaction with H2S, turning the media from a characteristic brown-red colour into a 
black colour. Photos C-E shows the black pre-reacted pellets being exposed to ambient 
air in the laboratory. Heat camera images reveal high temperatures on the surface of 
the pellets because of heat released by the reaction of the pellets with oxygen in 
ambient air. The reaction between the oxygen in air the pellets changes their colour 
back into the original brown-red form, and makes the pellets available to again react 
with H2S.  

 
  

A 
B C 

D E 
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Figure 3.2 shows the danger/consequence at piggery installations, with heat release by 
pellet media causing damage to biogas equipment and hazardous sulphur combustion 
products. Typically, suppliers of the commercial media recommend pre-wetting of the 
media with water to absorb the heat released, but this may not be practical because pre-
wetting causes the media pellet structure to collapse as shown further below. This 
collapse in pellet structure makes it difficult to remove the media from a poorly designed 
treatment vessel and affects the ability to regenerate the media by exposure to air to 
then reuse later for subsequent H2S removal (Figure 3.6). Fresh media is then more 
frequently required and adds considerably to operational costs.  
 
To identify cost-effective alternatives to commercial iron oxide media, a previous 
laboratory study (Skerman et al., 2017) compared H2S removal of commercial iron-oxide 
pellets with that of a number of alternative media. An iron-rich red soil was identified as a 
promising candidate. However, the performance of the red soil required testing on-farm. 
Specifically, scale-up effects may influence on-farm performance, such as the formation 
of preferential flow paths with sub-optimal biogas-media contacts. In addition, on-farm 
biogas composition and flowrates can vary considerably over time, and this may affect H2S 
removal performance.  

 

 

Figure 3.2 Photograph (A) shows biogas pipework connected to the exit of a H2S treatment 
vessel at an Australian piggery. The pipework is sagging because it was partly melted by heat 
released when media inside the vessel reacted with air unintentionally leaking into the biogas 
pipeline. Photograph (B) shows black iron-oxide media being changed out at an Australian 
piggery. The black paint burn-marks on the H2S treatment vessel is again due to heat released 
by the exposure of the iron oxide pellets to air during change-outs. Also, a hazy white colour of 
smoke is seen in the photo, which is sulphur burning off when the media is exposed to air.  

To develop practical and cost-effective H2S removal options, the present study carried out 
on-farm trials at Australian piggeries. At one piggery, a simple oxidation concept was 
tested with air being added upstream of an external packed treatment vessel and supplied 
with effluent from an onsite CAP as the liquid and nutrient source to sustain oxidation 
reactions that removal H2S. At another piggery, field-scale chemisorption was tested for 
red soil, mixed with ground sugar cane mulch as a bulking agent to reduce frictional 
pressure loss across the bed of filter media.   

A 
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3.2 H2S removal at piggery A by oxidation in an external vessel 

3.2.1 Methods  

At piggery A, a new H2S removal system was designed by the piggery owners with some 
specialist support, constructed using off-the-shelf equipment and installed with local 
labour. This piggery was a commercial grower-finisher unit near Young, New South Wales, 
Australia, housing 15,000 weaner to finisher pigs (8 – 100 kg live weight). A CAP onsite 
treated manure flushed from the pig sheds on a semi-weekly basis. Biogas from the CAP 
was captured and used on-farm for heat production and electricity generation. Prior to 
installation of the new H2S removal system, biogas was being treated onsite using two 
500 L chemisorption vessels (duty/standby) loaded with commercial iron oxide pellets.  
The new H2S removal system was to treat the entire biogas flow for two 80 kWe 
reciprocating generators, and some additional for use at a second piggery. This amounted 
to a total raw biogas flow of 160 m3/h. With the new H2S removal system, the piggery 
owners aimed to reduce operational costs and to improve on-going safety associated with 
commercial iron oxide pellets.  
 
The new H2S removal system (Figure 3.3) consisted of a 10,000 L fibreglass (FRP) tank 
(Tankworld, 2.56 m OD at mid-height, height 2.2 m) filled with 7.7 m3 of a general 
purpose plastic packing (Pingxiang Naike Chemical Industry Equipment Packing Co Ltd., 
China, 25 × 25 mm PALL-Rings) to a depth of 1.5 m. The packing was supported on 0.4 m 
high plastic milk crates forming an underdrain to allow uniform distribution of the inlet 
biogas flow. A layer of plastic mesh (10 mm x 3 mm) was placed over the crates to retain 
the packing elements. A 1 m diameter bolted flange cover on the sidewall allowed access 
to remove and clean the packing with a pressurised water hose at approximately 10-month 
intervals. The biogas inlet and outlet ports were 100 mm DN UPVC pressure pipe (SWJ). A 
single nozzle installed in the roof of the vessel provided a cone-shaped spray of liquid, 
evenly distributed across the packing to provide nutrients, moisture and biological 
inoculum for the H2S removal. The liquid used in this field trial was the treated effluent 
from an onsite CAP that produced the biogas being treated. This effluent was pumped 
from a below-ground concrete pit into which the CAP effluent overflowed by gravity. The 
liquid was sprayed over the top surface of the packing at a flowrate of 0.17 ± 0.01 L/s, 
trickling down through the packing, prior to collection at the base of the treatment vessel 
(i.e. single-pass), and pumping onto an on-site solar drying bay. Biogas flowed into the 
treatment vessel from a port located slightly above the vessel floor, passed up through the 
milk crates and packing, before exiting through a port at the top of the vessel. A blower 
downstream of the treatment vessel drew biogas from the CAP through the treatment 
vessel. The suction of this blower was also used to draw a small amount of air into the 
biogas pipeline by a venturi suction created when the biogas flowed past a T-piece 
immediately upstream of the inlet to the treatment vessel. The piggery owner used a 
manual ball valve on the air inlet and an in-line gate valve to adjust the suction at the air 
inlet and thus the proportion of air being drawn in. When biogas was not flowing, a small 
positive pressure (up to 50 Pascals) in the CAP headspace consistently prevented air 
entering the biogas pipeline, and instead vented a negligible amount of raw biogas via a 
pipe to a safe location above head height. A by-pass pipeline allowed the redirecting of 
biogas around the treatment vessel (Figure 3.3), to isolate the vessel for infrequent offline 
maintenance. 
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Figure 3.3 Schematic drawing of the biological oxidation H2S removal system trialled at 
piggery A, and a photo of the vessel and adjacent CAP in the background and the 
plastic packing media with which the vessel was filled. 
 
  

Recycled 
CAL effluent 
(0.2 L/s). 

Treated biogas 
(60 – 160 m3/h). 

Raw biogas 
from CAL. 

25 x 25 mm 
PALL Ring packing 
(Vol 7.7 m3, Depth 1.5 m). 

Nozzle sprays 
recycled 

effluent over 
packing surface 

Used effluent 
pumped to 

solar drying 
bay. 

Packing supported on 
plastic milk crates and 

a layer of plastic mesh. 

Biogas blower. 

Treated biogas 
to chemisorption 

columns 

Air injection 
During trial: from 
compressor (3.6 m3/h). 
During normal operation: 
by a slight vacuum drawn 
by biogas blower. 

10,000 L 
fibreglass 
rainwater 

tank. 

Rotating vane 
anemometer used to 
measure biogas flow. 

Isolating valves 



  

 19 

The new H2S removal system was commissioned and then operated for about 6 months 
before an intensive field trial was carried out for this research. The plastic packing was 
new when the system was commissioned and was not cleaned before or during the 
intensive trial. On the day before the trial began, upstream and downstream biogas 
compositions were measured using a Geotech Biogas 5000 portable analyser (Geotech, 
Leamington Spa, Warwickshire CV31 3JR, UK). These measurements showed the normal 
operational performance of the new H2S removal system. A refurbished positive 
displacement compressor was then connected to the air inlet to pump air into the flowing 
biogas during the intensive trial, at a controlled air flowrate of 3.6 ± 0.1 m3/h. Over the 
range of biogas flowrates during the trial (60-160 m3/h), the air flowrate corresponded to 
2.3 – 6.0% (by volume) in the biogas mixture, which is as recommended by relevant 
literature (Wellinger & Linberg, 2005). The biogas composition was closely monitored 
during the trial, to prevent explosive gas mixtures. During the trial, biogas composition 
was measured at sampling taps upstream and downstream of the biological treatment 
vessel, using the same portable analyser as above. The upstream sampling point was 
located before the air inlet. The downstream sampling point was located directly 
downstream of the outlet port of the treatment vessel. The analyser measured methane 
(CH4, ± 0.5%), carbon dioxide (CO2, ± 0.5%), oxygen (O2, ± 1.0%), H2S (± 100 ppm for 0–5000 
ppm range) and balance gases (likely to be nitrogen and water vapour). The instrument 
was pre-calibrated using two standard gas mixtures (GasTech Australia Pty Ltd, Wangara 
WA 6065), one containing 60% CH4 / 40% CO2 and the other 2000 ppm H2S in nitrogen. 
During the trial, a rotating vane anemometer (TSI VelociCalc Plus, Model 8324-M-GB, Rev 
2.3, USA) was installed in the biogas pipeline downstream of the treatment vessel, to 
measure biogas flowrate during the trial, but was removed after the trial and replaced 
with an equivalent length of UPVC pressure pipe for normal operation. 
 
During the intensive trial, biogas composition was measured for a series of five tests over 
a 2-day period, changing only the biogas flowrates through the treatment vessel, with less 
or more biogas being bypassed around the treatment vessel. Three to five replicate biogas 
measurements were taken 30-60 minutes apart for each test. Each time the biogas 
flowrate was changed, measurements were only performed after at least a 30 minute wait 
to help stabilise performance. At the completion of the intensive trial, the treatment 
system was returned to normal operating conditions, with air again being drawn into 
flowing biogas by the suction of the downstream biogas blower. Measurements of biogas 
composition were then used to adjust the valve positioning and the venturi suction at the 
air inlet, so that the air supply would be similar to that in the intensive trial. The 
treatment system was then left overnight in this normal operating state, and upstream 
and downstream biogas composition measured on the subsequent day to observe H2S 
removal performance under normal operating conditions.  

 

3.2.2 Results  

Figure 3.4 and Table 3.3 present measured biogas composition upstream (raw) and 
downstream (treated) of the treatment vessel at piggery A, during the intensive field trial. 
H2S in the raw biogas was typically very high at between 4,000 and 4,200 ppm. The day 
before the intensive trial, when air was being drawn in by the suction of a downstream 
biogas blower, H2S in the treated biogas remained high at around 3,678 – 3,860 ppm. This 
indicated that the amount of air being drawn in by the venturi suction of the downstream 
blower was inadequate for treatment. When an air compressor was connected and air was 
instead added into the flowing biogas by the compressor, H2S in the treated biogas rapidly 
decreased to 2,285 ppm and then subsequently further decreased down to 321 ppm over 
an 8 h period. H2S removal extent was subsequently high at 87-95% whilst the air 
compressor was operating. This high H2S removal extent was consistent with typical 
performance of biological oxidation (Wellinger & Linberg, 2005).  
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Table 3.3 – Results of trials at piggery A, using in-line aeration and oxidation in an 
external treatment vessel, showing mean concentrations and 95% confidence intervals 
for the CH4, CO2, O2, balance and H2S gases in the raw and treated biogas. 
 

Biogas flowrate Sample 
location 

CH4 

(%) 

CO2 

(%) 

O2 

(%) 

Balance* 
(%) 

H2S 

(ppm) 

160 m3/h, air 
added by 
compressor 

Raw biogas  63.9±0.2 33.9±0.5 0.0±0.1 2.1±0.7 3,969±238 

Treated biogas  61.8±0.2 33.1±0.6 0.5±0.1 4.6±0.6 1,225±1,021 

% reduction 
(relative)  

3.3±0.6 2.4±0.8   68.4±28.0 

62 m3/h, air 
added by 
compressor 

Raw biogas  63.9±0.4 34.1±0.3 0.0±0.0 1.9±0.6 4,063±19 

Treated biogas  58.5±0.7 32.3±0.2 1.1±0.0 8.1±0.9 331±25 

% reduction 
(relative) 

8.4±0.6 5.4±0.4   91.9±0.7 

145 m3/h, air 
added by 
compressor 

Raw biogas  63.2±0.1 34.2±0.8 0.0±0.1 2.5±0.7 4,130±85 

Treated biogas  61.1±0.5 33.4±0.7 0.5±0.1 5.1±0.6 527±337 

% reduction 
(relative) 

3.4±0.6 2.4±1.1   87.2±7.9 

100 m3/h, air 
added by 
compressor 

 

Raw biogas  62.8±0.3 34.2±0.7 0.0±0.0 2.9±0.6 4,062±55 

Treated biogas  59.3±0.3 32.9±0.5 0.7±0.1 7.2±0.2 237±16 

% reduction 
(relative) 

5.6±0.0 3.7±1.4   94.2±0.4 

160 m3/h, air 
added by venturi 
suction  

Raw biogas  62.2 34.0 0.0 3.8 4,121 

Treated biogas  60.8 33.4 0.3 5.5 414 

% reduction 
(relative) 

2.3 1.8   90.0 

*Balance gases are likely nitrogen and water vapour 

Values are mean values for replicates, given with ±error estimated at the 95% confidence level, 
using a two-tailed student t-test with appropriate degrees of freedom 
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Figure 3.4 Time series data for the intensive field trials at piggery A using the external 
biological oxidation vessel, showing measured biogas flow (assumed to remain 
unchanged between measurements), measured inlet and outlet H2S concentrations, 
and measured inlet and outlet methane concentrations. 
 
A progressive improvement in H2S removal at the start of the intensive trial as air was first 
being added by the compressor, indicated that biological activity was already present and 
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was being stimulated by the air addition. At times during the trial when the air compressor 
was intermittently switched off, H2S concentration again increased to high levels (3,895-
4,001 ppm), but as soon as the compressor was switched on again, H2S again rapidly 
decreased down to 680 ppm or less. The lowest H2S concentration measured in the treated 
outlet was 231 ppm. At the completion of the trial, the treatment system was returned to 
normal operation with air being drawn in by the venturi suction of the downstream 
blower. Measurements on the subsequent day showed that H2S removal was also high at 
about 90%. Thus, it was concluded that settings of valves and the venturi suction at the air 
inlet requires semi-regular adjustment to ensure that adequate amounts of air are being 
drawn in for H2S removal.  
 
Physico-chemical dissolution and removal of H2S in the sprayed liquid were likely to be 
insignificant. This was confirmed by Henry’s law equilibrium calculations. Such 
calculations showed that if H2S gas transfer had achieved equilibrium with a H2S partial 
pressure of 2,000 ppm (average between inlet and outlet) and biogas pressure of 50 
Pascals (gauge) (probably the best case scenario), then direct dissolution and transport 
with the 0.2 L/s effluent flow would remove less than 1% of the H2S in the inlet biogas. 
This was not surprising because commercial systems based on water scrubbing typically 
require gas pressures to be 4–8 bar (400–800 kPa) and often cool the raw biogas to 5–10°C 
to increase gas solubility to enhance performance (Wellinger et al., 2013). The present 
system operated at low pressures and ambient temperature (>15°C). Instead, air addition 
was a definite requirement to observe notable H2S removal (Figure 3.4). The findings 
indicated that biological or chemical oxidation was by far the dominant H2S removal 
process. 
 
Biogas flowrate varied during the trial, but was only weakly linked with H2S removal 
performance. Instead, H2S removal improved across the trial period because of the 
addition of air. Treated biogas contained traces of oxygen (0.5 – 1.1% by volume), 
indicating that oxygen was being supplied in excess. Stoichiometrically, 0.5% 
concentration of air in biogas is required to convert 2000 ppm H2S into elemental sulphur 
and water. A prolonged exposure to excess oxygen can encourage acid-forming conditions, 
favouring the complete oxidation of H2S into sulphate (Pokorna & Zabranska, 2015). 
Measured pH of the liquid discharged from the base of the treatment vessel was 7.3-7.4, 
partly expected due to the typical high alkalinity of pig effluent (Staunton & Aitken, 2015) 
and indicating that minimal sulfuric acid was being produced. It may be possible to 
optimise air addition to further improve system performance, but this would require 
longer term monitoring. From a maintenance perspective, sulphate may be more desirable 
than elemental sulphur, so that the plastic packing requires less frequent clean outs.  

3.2.3 Summary  
The trial at Piggery A showed that the treatment system was appropriate for the 160 m3/h 
biogas flow at the piggery. H2S concentrations in the treated biogas were very 
encouraging, being as low as 231 – 680 ppm. This biogas quality is appropriate for most 
boilers and some internal combustion engines (Wellinger & Linberg, 2005). The results 
further indicated that CAP effluent is an effective source of moisture and nutrients for H2S 
oxidation, which is a very practical and cost-effective option for piggeries. One concern is 
the potential for minerals formation such as struvite and other solids to clog the plastic 
packing. In this regard, the addition of more air to promote sulfuric acid production could 
slightly depress pH and thereby discourage struvite formation (Webb & Ho, 1992). At 
piggery A, the plastic packing was removed about 4 months later. By then (10 months 
after initial commissioning), the packing had filled up with a cream-coloured solid (e.g. 
elemental sulphur). This solid was successfully cleaned out with a high-pressure water 
hose, the packing returned to the treatment vessel, and the system was recommissioned.  
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3.3 H2S removal by Chemisorption 

3.3.1 Methods  

Red soil was excavated from just below the soil surface (A horizon) at 203 Tor Street, 
Toowoomba Qld (S 27° 32’ 05”, E 151° 55” 46”). This soil was classified as a krasnozem 
(Great Soil Group, Stace et al. (1968)) or red ferrosol (Australian Soil Classification, Isbell 
(1996)). To reduce frictional pressure drop across the red soil media bed in the field trials, 
the red soil was mixed with ground sugar cane mulch as a bulking agent (SCM, Rocky Point 
Mulching, Woongoolba Qld 4207) in the proportion 40% SCM, 60% red soil, by volume. Two 
batches of red soil and SCM mixtures were prepared for separate testing, named red 
soil+SCM 1 and red soil+SCM 2. cg5 commercial iron-oxide pellet medium was sourced from 
Shanxi Clean Company of Catalysis and Purification Technologies Development, and was 
the same commercial medium tested in the laboratory study by Skerman et al. (2017). The 
physico-chemical properties of the red soil and cg5 have been previously reported by 
Skerman et al. (2017).   
 
Field trial at Piggery B 

Field trials were carried out at piggery B, a breeder piggery in south-east Queensland with 
a 700 sow capacity, previously described by Skerman and Collman (2012). Biogas was being 
produced by a partially covered (~50% of the liquid surface) anaerobic pond (pCAP) 
treating the manure effluent from the pig sheds. During the trial, the whole biogas flow 
captured from the pCAP was being directed through a chemisorption test column, before 
being burnt in an onsite refurbished hot water system. The biogas was pumped through 
the chemisorption test column under a net positive pressure, using a biogas blower 
normally used at the piggery with a maximum supply pressure of 3.5 kPa. Hot water 
produced from the biogas was normally circulated through underfloor heating pads in the 
farrowing sheds, for piglets heating up to weaning age (28 days). The trials measured and 
compared field H2S removal performance of chemisorption by red soil+SCM mixtures with 
that of cg5 commercial iron-oxide pellets.  
 
The chemisorption test column was constructed with DN 300 mm UPVC pipe (ID 305 mm) 
and solvent weld fittings (Fabfit, Stapylton Qld) (Figure 3.5). Chemisorption media was 
suspended on a stainless steel mesh base plate, supported on a 250 mm deep plenum of 
DN 20 mm Class 12 UPVC pressure pipe cut into 40 mm lengths and randomly placed in the 
base of the column. A sheet of geotextile fabric was placed on top of the stainless steel 
mesh to prevent fine media from falling into the underlying plenum. The upper and lower 
sections of the column were connected with a UPVC flanged joint, sealed with an insertion 
rubber gasket secured with stainless steel bolts, to provide a gas-tight seal. The flanged 
joint provided access for insertion or removal of the media. The chemisorption column 
was connected to upstream and downstream 2” (NB 50 mm) stainless steel pipelines using 
polyethylene pipe (NB 25 mm) and BSP threaded fittings. The raw biogas entered the top 
of the column, passed through the packed media in a downward direction (as 
recommended to maintain bed moisture, Zicari (2003)), and flowed out from the plenum 
in the base of the column. Condensate was periodically drained via a manual tap at the 
base of the column, to prevent water blocking the outlet pipeline. A Landis+Gyr Model 750 
gas meter, fitted with an Elster IN-Z61 pulse output kit, measured biogas flow through the 
chemisorption test column. The pulse output from this meter was logged at 5 minute 
intervals, using a HOBO UX120 4-channel data logger installed on an adjacent pig shed 
wall.  
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Figure 3.5 Schematic drawing and photograph of the chemisorption test column and 
hot water system installed at piggery B 
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Three chemisorption media (red soil+SCM 1, red soil+SCM 2 and cg5) were tested 
separately over three test periods. To perform a test, the medium was loaded into the 
chemisorption column with the upstream biogas line isolated and biogas blower turned 
off. The biogas blower was then switched on, the isolation valve upstream of the 
chemisorption test column opened, and the biogas pipeline purged of air via the 
condensate drain line. A leak check was performed using soapy water, and the isolation 
valve downstream of the chemisorption test column was opened before starting the hot 
water system. The hot water system operated continuously throughout the red soil+SCM 
trials, but operation was interrupted during the cg5 trial for a period of about one month 
during which the pCAP was being desludged. During this desludging period, the 
chemisorption test column was isolated with upstream and downstream isolation valves, to 
form a gas-tight seal and prevent air ingress into the cg5 medium. Piggery manure 
continued to discharge into the pCAP during the desludging period and the cover remained 
floating on the lagoon liquid surface, but the pipeline connecting the cover to the biogas 
extraction system was disconnected and the cover was moved to other parts of the lagoon 
surface to allow access to sludge. After the desludging was completed, the pCAP was 
topped-up with a mixture of bore water and recycled secondary treatment pond effluent. 
The biogas pipeline was reconnected to the floating pond cover and biogas was sent to an 
upstream biogas flare onsite for two days to purge any oxygen in the pipeline to 
essentially zero.  After this the biogas composition was measured to confirm that oxygen 
was zero, before the boiler and chemisorption vessel was recommissioned. No desludging 
occurred during the red soil+SCM 1 and red soil+SCM 2 trials, which were conducted 
following the cg5 trial.  
 
Table 3.4 summarises test conditions for the three trials. Periodically during each trial, 
biogas composition was measured in triplicate, upstream of the chemisorption test column 
and, without delay, downstream of the column. These measurements used the same 
Geotech Biogas 5000 portable analyser as above. Biogas flow meter readings were 
recorded from the Landis+Gyr gas meter during regular site visits, and generally hourly for 
the red soil+SCM trials and daily for the cg5 trial. To augment the manual recordings, five-
minute flow volume data were also downloaded from the logger described above at the 
end of each trial. 
 

Table 3.4 - Basic physical characteristics and test conditions for the on-farm 
trials at piggery B carried out with the two red soil+sugar cane mulch (SCM) 
mixtures and cg5 commercial media. 
 

Parameter Units Red soil+SCM 1 Red soil+SCM 2 cg5 

Mass kg 22.34 36.14 34.22 

Volume L 29.96 48.36 48.95 

Depth m 0.41 0.66 0.67 

Bulk density kg/m3 750 750 700 

Bed void fraction % 69 69 76 

Pore volume L 20.55 33.08 37.11 

Depth / diameter  1.3 2.2 2.2 

Mean biogas flowrate L/min 40.8 44.1 37.2 

Mean superficial flow 
velocity 

m/min 0.58 0.60 0.51 

Mean biogas residence 
time 

sec 42 66 79 
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Figure 3.6a shows the cg5 media at the beginning of the trial, with the characteristic 
brown colour of unreacted iron (III) oxide. At the end of the cg5 trial, the media bed was 
first thoroughly wetted before opening the chemisorption vessel, to prevent the vessel 
from melting by a highly exothermic reaction of spent cg5 media exposed to air. Figure 
3.6b shows the reacted cg5 media at the end of the trial, once the vessel was opened. The 
media in Figure 3.6b had the characteristic black colour of iron(II), because it had reacted 
with H2S during the trial. The emptying of the media from the vessel is shown in Figures 
3.6c-f.  The pre-wetting caused a notable collapse in the pellet structure, affecting 
regeneration and reuse potential of the media. No follow-on tests were conducted to test 
the regeneration potential of the media. 
 
Pressure drop was also measured across all the tested media beds, using a TSI Model 8705 
DP-CALCTM micro-manometer connected to gas sampling ports immediately upstream and 
downstream of the chemisorption test column. These measurements were performed at 
the start of each chemisorption test, at the end of each chemisorption test, and at various 
times during each chemisorption test, to examine whether the properties of the media 
bed notably changed with the progressive accumulation of sulphide minerals. 
 

Laboratory experiments 

Laboratory experiments were performed to test the chemisorption of a red soil+SCM 
mixture under ideal conditions. The methodology used in these laboratory experiments 
was identical to that described in Skerman et al. (2017). In short, the laboratory 
experiments measured the single-pass chemisorption of H2S on a bed of red soil+SCM, held 
in a small PVC cylindrical test column (internal diameter 29.8 mm), as described by 
Skerman et al. (2017). The test gas, fed into the column at a controlled flowrate of 360 
mL/min, contained 2000 ppm H2S in high purity nitrogen, and was pre-humidified by 
bubbling the gas through a 150 mm depth of deionised water. The resulting relative 
humidity was confirmed to be >95%. The composition of the treated gas exiting the test 
column was measured with the H2S sensors described by Skerman et al. (2017). After data 
processing as described by Skerman et al. (2017), the results consisted of a breakthrough 
curve of measured H2S concentrations in the treated gas exiting the test column over 
time. 
 
Statistics and data processing 

ANOVA and LSD (Genstat software, Version 16.1, (Payne et al., 2011)) were used to test 
for significant difference (at a 5% significance level) between mean CH4, CO2 and balance 
gas concentrations upstream and downstream of the chemisorption column in the field 
trials. Chemisorption capacities of each medium were calculated using mass balance 
comparing instantaneous mass flow of H2S into the chemisorption column vs. 
corresponding instantaneous mass flow of H2S out of the chemisorption column. H2S was 
assumed to behave as an ideal gas, justified by the low H2S concentrations relative to 
other gaseous constituents. The calculated chemisorption capacities were further analysed 
by fitting with a two-phase exponential curve (Equations 7 and 8), using Genstat and the 
solver function in Microsoft Excel® to minimise the sum of the squares of the differences 
between measured and modelled values: 
 
𝐷 = 𝐴1 + 𝐵1. 𝐾1𝑥 when x < C (7) 

𝐷 = 𝐴2 + 𝐵2. 𝐾2(𝑥−𝐶) when x < C (8) 
 
where D is downstream H2S concentration (in the treated biogas); A1, A2, B1, B2, K1, K2 
and C are empirical fitted parameters, and x = S chemisorption capacity of the media 
(g S/kg medium). 
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Figure 3.6 Photographs of (a) fresh cg5 media loaded in the chemisorption vessel at 
the start of the trial and before any contact with H2S (b-f) “spent” cg5 media being 
removed at the end of the trial. The media was pre-wetted with tap water before 
opening the treatment vessel at the end of the trial, to prevent burn-off of hazardous 
sulphur products and to prevent the plastic treatment vessel from melting. (g-h) 
However, pre-wetting causes a collapse in the pellet structure. Photos provided by 
Alan Skerman (2016).   
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3.3.2 Results 

Figure 3.7 presents a typical laboratory breakthrough curve measured for red soil+SCM.  
 

 
Figure 3.7  A typical laboratory breakthrough curve measured for red soil+SCM as the 
tested chemisorption medium. The dashed line is the fit of Equations 7 and 8. 
 
Figures 3.8 to 3.10 present measured biogas composition and cumulative biogas flows 
measured for the chemisorption field trials at piggery B. Average O2 concentrations during 
the trials were less than 0.05 %, which is not significantly different from zero within the 
measurement precision of the instrument. This indicated that the biogas pipeline and 
impermeable cover on the pCAP were gastight and had minimal air ingress. Operation of 
the chemisorption column did not significantly influence CH4, CO2 and balance gas 
concentrations in the treated biogas (P>0.05). In comparison to data of (Skerman, 2013) 
for the same pCAP and an earlier 14-month period, CH4 and CO2 concentrations were 
similar, but H2S concentration in raw biogas was lower in the present study. This 
difference in H2S could be due to different ambient temperatures affecting pond 
temperature and H2S solubility, variations in pig diets, or due to sludge accumulation and 
desludging. For example, the cg5 trial was temporarily interrupted by desludging at about 
2,700 m3 cumulative biogas treated (Figure 3.10). After the desludging event, CH4 
concentration was higher and CO2 and H2S concentrations were lower (Figure 3.10).  
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Figure 3.8 Measured concentrations of CH4 ( ), CO2 ( ), balance gas ( ) and H2S () 
during the field chemisorption trial testing red soil+SCM 1 at piggery B. The data are 
for measurements recorded upstream (raw biogas, closed symbols) and downstream 
(treated biogas, open symbols) of the chemisorption vessel.  
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Figure 3.9  Measured concentrations of CH4 ( ), CO2 ( ), balance gas ( ) and H2S () 
during the field chemisorption trial testing red soil+SCM 2 at piggery B. The data are 
for measurements recorded upstream (raw biogas, closed symbols) and downstream 
(treated biogas, open symbols) of the chemisorption vessel.  
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Figure 3.10 Measured concentrations of CH4 ( ), CO2 ( ), balance gas ( ) and H2S 
() during the field chemisorption trial testing the cg5 commercial medium at 
piggery B. The data are for measurements recorded upstream (raw biogas, 
closed symbols) and downstream (treated biogas, open symbols) of the 
chemisorption vessel. 
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Figure 3.11 presents estimated chemisorption capacities and Table 3.5 presents 
chemisorption capacities corresponding to downstream H2S concentrations in treated 
biogas. A breakthrough threshold of 20 ppm was used in the present work, to account for 
substantial measurement variability in field data for red soil+SCM. A concentration of 200 
ppm H2S is also of interest, being a common upper limit for internal combustion engine 
generators (Wellinger & Linberg, 2005). To protect the hot water system at piggery B, the 
field trials were only run for H2S concentrations up to about 400 ppm. Equations 1 and 2 
were used to estimate chemisorption capacities for cg5 data, pure red soil lab data and 
red soil+SCM lab data. However, chemisorption capacities for the red soil+SCM field trials 
had to instead be determined by linear interpolation of the measured data in Figure 3.11, 
because of the observed erratic behaviour. For the two red soil+SCM media, the on-farm 
chemisorption capacity at breakthrough (20ppm) (1.8 and 1.7 g S/kg red soil) was between 
that of pure red soil (Skerman et al., 2017) and red soil+SCM measured in the laboratory. 
This is somewhat expected, because the heterogeneity in red soil+SCM would likely cause 
short-circuiting along preferential flow paths. This heterogeneity of red soil+SCM is also 
evident in the erratic field data in Figure 3.9, suggesting that H2S removal had 
intermittently recovered when H2S in the treated outlet was already high (>200 ppm). 
 
Similar to lab observations of Skerman et al. (2017), cg5 in the field trials had 
substantially greater chemisorption capacities than red soil+SCM (Table 3.5). That is, 
chemisorption capacity of cg5 at breakthrough (20 ppm) was about two orders of 
magnitude greater than that of red soil+SCM. The high chemisorption capacity of cg5 is 
likely a result of its engineered nature, with a high porosity providing rapid access to a 
highly reactive iron content (Skerman et al., 2017).  
 
Interestingly, the on-farm breakthrough capacity of cg5 (186 g S/kg cg5) was considerably 
higher than measured in the lab (147 g S/kg cg5, Skerman et al. (2017)). The optimum 
vessel height to vessel diameter ratio for cg5 is suggested to be 3:1 to 6:1 (ACP 
Technologies Inc, 2012), and this was met in the laboratory tests of Skerman et al. (2017) 
(approximately 5) and not in the field trials (ratio of 2.2). Therefore, height to diameter 
ratio was not the cause for the better cg5 performance in the field trials. Nemec and 
Levec (2005) suggested wall effects could be significant at column diameter/particle 
diameter ratios less than 10. This ratio for cg5 was 65.6 and 6.4 in the present field trials 
and in the lab trials of Skerman et al. (2017), respectively. Accordingly, wall effects could 
have reduced the lab performance. Lastly, whilst every effort was made to exclude oxygen 
from the cg5 field trials (including during the desludging interruption), it was possible that 
some oxygen entered the biogas and caused partial regeneration of the cg5 whilst in the 
test column, thereby increasing its in-field chemisorption capacity. 
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Figure 3.11  Masses of S removed by chemisorption plotted against downstream H2S 
concentrations. The data are normalised (a) per unit mass of red soil in on-farm red 
soil + SCM1 (), on-farm red soil + SCM2 (), laboratory pure red soil () or 
laboratory red soil + SCM (), or (b) per unit mass of on-farm cg5 media () or 
laboratory cg5 media (). The dotted lines show the exponential curves fitted to the 
data. The laboratory cg5 data were from Skerman et al. (2017). 
 
 
  

(a) 

(b) 
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Table 3.5 – Data for the on-farm and laboratory trials (Skerman, 2017) of 
chemisorption media for removal of H2S from piggery biogas, including 
chemisorption capacities (g S/kg red soil or cg5) for red soil+SCM, pure red soil 
and cg5 media. 
  

Downstream 
H2S 
(ppm) 

On-farm  Laboratory 

Red soil 
+SCM 1 

Red soil 
+SCM 2 

cg5  Red soil 
+SCM 

Pure 
red soil 

cg5 

10 1.68 1.17 186  0.92 2.88 147 

20 
(breakthrough) 

1.80 1.68 195  1.12 2.95 156 

50 1.97 1.70 208  1.45 3.06 167 

100 2.35 1.75 217  1.78 3.23 176 

150 2.80 1.79 / 
2.871 

222  2.00 3.40 181 

200 3.25 1.83 / 
3.181 

226  2.17 3.60 185 

250 3.71 4.69 229  2.44 3.78 187 

300 4.86 5.09 232  2.66 3.91 193 

400 6.19  236  2.84 4.11 201 
1 There were two ordinate (S chemisorption mass) values at these downstream H2S 
concentrations in Figure 3.11. 

 
 
In terms of pressure drop measurements, mixing red soil with ground SCM greatly reduced 
friction across the column in the field trials compared with red soil alone, so that the 
pressure supplied by the biogas blower would be adequate to carry out the trials. Similar 
to the laboratory study of Skerman et al. (2017), measured pressure drop was about 60 
times greater for the red soil+SCM than with the cg5 commercial media. Pressure drop for 
red soil+SCM ranged from 1.05 to 1.4 kPa/m media depth at a biogas down-flow velocity 
range of 0.48 to 0.64 m/s. Pressure drop for the cg5 media ranged from 0.02 to 0.023 
kPa/m media depth for a biogas down-flow velocity range of 0.47 to 0.55 m/s. This 
substantially lower pressure drop is an additional benefit of the engineered nature of the 
cg5 commercial media. Pressure losses did not clearly correlate with mass of H2S 
chemisorbed over time (Figure 3.12), and was generally more variable for the red soil+SCM 
than for cg5.  
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Figure 3.12  - Measured values of pressure drop across the chemisorption column 

measured during the on-farm trials at piggery B, given as pressure drop per unit depth 

of medium for the (a) red soil+SCM 1 (), red soil+SCM 2 () and (b) cg5 () media, 

over a range of S chemisorption mass values accumulated during the trial. 

 

3.3.3 Summary 

Results of the chemisorption trials at piggery B showed that iron-rich red soil removed H2S, 
but had substantially lower chemisorption capacity than a commercial medium, cg5. 
Accordingly, red soil is unlikely feasible for primary treatment to remove the bulk of H2S 
from raw piggery biogas, because the red soil would become spent too quickly. Media 
quantities and/or ongoing labour could be reduced by about a factor of 10 if instead the 
red soil was used as a red-soil+SCM to polish biogas after a separate primary treatment 
step had already removed most of the H2S from the biogas (e.g. using oxidation). Red 
soil+SCM did not require wetting before being exposed to air, because of much lower 
reactivity. This would be a safety benefit of the less reactive red soil, compared with 
highly reactive commercial media, albeit that a lower reactivity in this case also 
corresponds to less effective H2S removal.  

(b) 

(a) 
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3.4 Application/Recommendations  

Whilst several larger Australian pig producers (>1000 sows farrow to finish) have readily 
embraced biogas technology because of commercial viability, smaller producers (<500 
sows, farrow to finish) would require simple and cost-effective H2S treatment to enable 
biogas use on-farm.  
 
The results of trials at piggery A showed 90% H2S removal from raw piggery biogas in a 
single oxidation step, using infrastructure that is simple enough to fabricate with minimal 
detailed engineering design and largely install with local labour. It may be possible to 
further optimise system performance, but this would require longer term testing. For 
example, an oxidation vessel with a higher aspect ratio than used in the present study, 
may improve gas contact and thereby achieve lower H2S concentrations in the treated 
outlet gas. The prevention of an explosive methane-oxygen mixture is always critical; 
however, only small amounts of air are required so that fuel-rich mixtures can be 
maintained (Wellinger & Linberg, 2005). The trials at piggery A showed that the suction of 
a downstream biogas blower could draw in enough air for H2S removal. The advantage of 
this approach (operating correctly) is that air is only added when biogas is flowing. When 
biogas is not flowing, air ingress is instead minimised by the slight positive pressure 
(0.025-0.1 kPa, data not shown) under an anaerobic pond cover, instead venting raw 
biogas to a safe location so that persons or livestock are not be exposed to H2S. However, 
careful design of biogas pipework and backflow prevention is still required to prevent 
unwanted air ingress in on-farm biogas systems. The trial at piggery A also showed that 
valve settings around the air inlet might require semi- regular adjustment to ensure that 
the venturi suction draws in sufficient amounts of air into flowing biogas. Oxidation 
systems would require periodic maintenance to remove solids, such as elemental sulphur, 
minerals such as struvite and biofilm from the packing. Commercial variants such as the 
(BIOREM®, 2017) and the THIOPAQ® process (Paques, 2017) have means to purge and 
recover sulphur. The present work value-adds to commercial concepts, by showing that 
piggery CAP effluent provides the necessary nutrients, moisture and inoculum for H2S 
removal. The typical high alkalinity in digested manure effluent also helps to buffer pH.  
 
Results of the chemisorption trials at piggery B showed that iron-rich red soil removed H2S, 
but had substantially lower chemisorption capacity than a commercial medium, cg5. 
Accordingly, red soil is unlikely feasible for primary treatment to remove the bulk of H2S 
from raw piggery biogas, because the red soil would become spent too quickly. Media 
quantities and/or ongoing labour could be reduced by a factor of 10 by instead using red-
soil+SCM to polish biogas after a separate primary treatment step (e.g. by using oxidation) 
had already removed most of the H2S. Red soil+SCM did not require wetting before being 
exposed to air when the chemisorption column was opened at the end of the field trials. 
This demonstrates a safety benefit of the less reactive red soil, compared with highly 
reactive commercial media, albeit that the lower reactivity in this case also corresponds 
to less effective H2S removal by the red soil.  
 
Based on the outcomes of this research, it is recommended that biological oxidation be 
used as the primary treatment step to remove most of the H2S from piggery biogas, and 
that chemisorption with iron oxide (in a red soil or in a commercial filter media) be 
subsequently used to polish any remaining H2S from the biogas. Having these two steps in 
this sequence (biological oxidation followed by chemisorption) would help minimize 
operating costs and enhance safety. A chemisorption media would then last longer and 
require less frequent replacement, thereby reducing operating costs and minimizing 
exposure to the hazardous high reactivity of commercial chemisorption media. Scenario 
outputs are provided in Table 3.6 (Skerman, 2017) as an example. 
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Table 3.6 – 500 sow farrow-to-finish scenario analysis, based on primary biogas 

treatment by biological oxidation and secondary treatment in a solid medium 

chemisorption column using red soil and cg5 media (Skerman, 2017). 

Parameter Units Value  

No of pigs pigs 5,411  

No of SPU SPU 5,445  

VS from sheds kg VS/d 1,387  

Pre-treatment VS removal % 25%  

VS to CAP/Digester kg VS/d 1,040  

Biogas production rate m3 biogas/kg VS added 0.43  

Biogas flowrate m3 biogas/d 447  

Biogas flowrate m3 biogas/hr 19  

Raw biogas H2S concentration ppm 2000  

Bio-trickling filter H2S removal rate % 90%  

Primary treated biogas H2S 
concentration 

ppm 200  

H2S flowrate m3 H2S/d 0.09  

H2S flowrate g H2S/d 144  

S flowrate g S/d 136  
  

Red soil cg5 

Medium S removal capacity at 
breakthrough 

g S/kg medium 10 143 

Medium bulk density kg/m3 1,110 699 

Chemisorption column medium 
capacity 

L 300 300 

Chemisorption column diameter mm 600 600 

Superficial biogas flow velocity m/min 1.10 1.10 

Medium depth mm 1,061 1,061 

Medium pressure loss kPa 8.0 0.8 

Medium mass kg medium 333 210 

Total medium S removal capacity 
at breakthrough 

g S 3,330 29,987 

Breakthrough time d 25 221 

Breakthrough time months 0.81 7.26 

 
Currently, biological oxidation has been adopted or is being adopted by an additional five 
piggery sites (as a direct result of the findings of the present research), and some of these 
piggeries already use iron (III) oxide pellets for polishing of the biogas.  
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4. Contributions to other relevant industry projects  

4.1 Effect of feed wastage on piggery effluent characteristics 

Skerman A., Willis S., Yap S.D., Tait S. (2016). Effect of feed wastage on piggery manure 
characteristics and methane potential. Final Report. APL Project 2015/010. July 2016. 
This work was presented as a poster at APSA2017. 
 
Synopsis 
Feed costs represent 65% of total pork production costs in Australia.  On a national scale, a 

5% change in feed wastage represents 82,000 t feed/yr., with a current annual value of 

approximately $38 M.  The pork industry considers feed wastage a priority issue.  Willis 

(2000) and (Carr, 2008a; Carr, 2008b) described the problem of feed wastage in Australian 

piggeries and provided various practical strategies for minimising and managing the 

problem.  Dunshea et al. (2003) assessed the feasibility of using indigestible markers in pig 

diets for predicting feed wastage.  However, it is unclear how the markers in the waste feed 

were to be distinguished from the residual markers in the digested feed.  Hofmeyr et al. 

(2005) used acid insoluble ash, also as a marker for estimating feed wastage, but concluded 

that it did not provide reliable estimates.  The difficulty in assessing and estimating feed 

wastage has led to problems with acknowledging the impact of this issue across the pork 

industry.  In addition to directly affecting profitability of pork production, feed wastage can 

also have a major positive/negative influence on shed effluent characteristics.  McGahan et 

al. (2010) suggested that a 5% variation in feed wastage can result in a ±30% variation in the 

waste stream volatile solids (VS) content, for an average sized grower pig.  This variation 

can significantly influence greenhouse gas (GHG) emissions from uncovered anaerobic 

lagoons (negative) but also the energy potential of piggery effluent managed in biogas 

capture, treatment and use systems (potential positive).  Variations in effluent nutrient 

concentrations also affect land application rates required for sustainable crop/pasture 

production in effluent reuse areas. Whilst the financial impact of feed wastage is well 

recognized, there are currently no reliable practical means to estimate feed wastage. This 

research project hypothesized that feed wastage impacts on manure effluent characteristics 

and can therefore be estimated/predicted from effluent characteristics.  

 

In the research, pig feed (wheat and barley grower diets), faeces, urine, flush water, and 

shed effluent were collected over a 24‐h period in an agitated sump, sampled from 

commercial grower shed housing 535 pigs at average 45 kg live‐weight at 13 weeks age. 

Simulated mixtures of shed effluent were prepared with four different extents of feed 

wastage (treatments A–D); Treatment A: faeces, urine and flush water only, to simulate zero 

feed wastage; Treatment B: raw shed effluent, as is (included some unknown feed wastage); 

and Treatments C and D: raw shed effluent with added feed, to simulate +5% and +10% feed 

wastage, respectively. TS, VS and BMP were measured by proven methods (as described in 

Section 3). The AUSPIG model was used to simulate age, live weight, P2 back‐fat and feed 

intake of pigs in the trial shed over their entire growth cycle (wean‐to‐finish), adjusting 

genotype settings and feed intake factors to match measured and predicted performance. 

Feed wastage was then estimated by TS mass balance and separately using the AUSPIG 

model. Results showed that feed wastage in the trial shed effluent on the sample day 

(Treatment B) was 4.2% estimated by TS mass balance and 6.9% estimated from the AUSPIG 

model. This is close to industry best practice and reflects the rigorous production methods 

of the particular producer. Increasing levels of feed wastage markedly increased TS and VS 

(Figure 4.1) and therefore also BMP by simple mass balance (Section 3).  
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Figure 4.1 Mean TS, VS and BMP values in simulated manure effluent mixtures (A-C). 
Error bars show pooled SEM values (Skerman et al., 2017). 
 
Increased feed costs by higher levels of feed wastage will completely negate the benefit 
of a higher BMP and thus higher methane energy recovery on‐farm. Thus, feed wastage 
should be actively minimized, despite reduction in biogas methane recovery. In cases 
where by-products end up in the effluent treatment system, because they are not needed 
for pig nutritional requirements, this would increase VS load to a covered pond and also 
increase methane recovery. However, such by-products would not have otherwise been 
used as pig feed and so in this case are not competing with food production.  
 
Because feed wastage was consistently affected and could be estimated from effluent 
characteristics, it is recommended that industry‐standard effluent prediction models such 
as PigBal, be adapted in order to routinely estimate feed wastage. This may be a more 
generally feasible approach than to estimate feed wastage at individual piggeries by on-
farm sampling and analysis of effluent characteristics (solids concentrations), because 
such measurements can be time consuming and costly for producers to routinely carry out. 
To update PigBal, the calibration of an internal VS algorithm already present in the PigBal 
model would likely need to be adjusted. In addition, the adjusted PigBal model would 
need to be validated via a study similar to the present, but instead using all artificial 
mixtures to simulate different extents of feed wastage. This is to avoid background effects 
of pre-fermentation of manure in the pig shed, which made data analysis more challenging 
in the present study.   

 

5. Student outcomes 

Mr. Alan Skerman – Master’s thesis submitted 17/08/2016 to The University of Queensland. 

Examined. Completed all requirements for the award of the Master of Philosophy degree 

at The University of Queensland on 20/02/17. Awaiting formal award of degree. 

 

Mr. Shao Dong Yap - PhD thesis submitted 28/07/2017 to The University of Queensland. 

Examination in progress. Examiners’ reports recommended acceptance with minor 

revision. 

 

Publications from these theses and affiliated with this project are listed below. 
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6. Publications  

Journal papers: 

Target: At least 8 peer reviewed journal publications in total submitted from the 
research of projects 4C-109, 4C-111 and 4C-113.  

Outcomes: 

1. Yap SD, Astals S, Jensen PD, Batstone DJ, Tait S (2017). Indigenous microbial capability 
in solid manure residues to start-up solid-phase anaerobic digesters. Waste 
Management, 64:79-87. 

2. Yap SD, Astals S, Lu Y, Jensen PD, Batstone DJ, Tait S (2017). Humic acid inhibition of 
anaerobic digestion: Impact of inoculum. Water research. Submitted, under review. 

3. Skerman AG, Willis S, Batstone DJ, Yap SD, Tait S (2017). Effect of feed wastage on 
piggery effluent characteristics and methane potential. Animal production science. In 
preparation. 

4. Skerman AG, Heubeck S, Batstone DJ, Tait S (2017). On-farm trials of practical options 
for hydrogen sulphide removal from piggery biogas. Process Safety and Environmental 
Protection. Submitted, under review. 

5. Lu Y, Liaquat R, Astals S, Jensen PD, Batstone DJ, Tait S (2017). Towards 
understanding the link between inhibition resilience and microbial communities in 
anaerobic digesters. Environmental Science: Water Research & Technology. Submitted. 

6. Tait S., Astals S., Batstone D.J. (2017). Impact of solids separation from pig manure on 
methane potential from covered anaerobic ponds. Animal production science. In 
preparation. 

7. Astals S., Peces M., Batstone D.J., Jensen P.D., Tait S. (2017). Characterising and 
modelling ammonia and ammonium inhibition in anaerobic systems. In preparation. 

Peer reviewed international conference papers: 

Target: 5 papers each submitted to APSA 2015 and APSA 2017. 

Outcome: APSA 2017 or equivalent 

1. Skerman AG, Willis S, D. J. Batstone, S. D. Yap and S. Tait. Effect of feed wastage on 
piggery manure characteristics. APSA Manipulating Pig Production XVI, 19-22 November 
2017, Melbourne, Victoria, Australia. Poster. 

2. Yap SD, Astals S, Jensen PD, Batstone DJ, Tait S. Humic acid inhibition of anaerobic 
digestion: Impact of microbial community. The 15th World Conference on Anaerobic 
Digestion, China National Convention Centre, Beijing, China. 17-20 October 2017. Oral. 

3. Meng H, Astals S, Tait S, Batstone DJ, Jensen PD. Designing co-digestion mixtures: Does 
substrate macro-composition have a larger impact on development of hydrolytic 
activity than C/N ratio?. The 15th World Conference on Anaerobic Digestion, China 
National Convention Centre, Beijing, China. 17-20 October 2017. Oral. 

4. Macintosh C, Astals S, Tait S, Batstone DJ, Jensen PD. Winter is coming: Temperature 
tipping the balance in bacterial and archaeal kingdoms. The 15th World Conference on 
Anaerobic Digestion, China National Convention Centre, Beijing, China. 17-20 October 
2017. Poster. 

5. Astals S, Peces M, Batstone DJ, Jensen PD, Tait S. Characterising and modelling 
ammonia and ammonium inhibition in anaerobic systems. The 15th World Conference 
on Anaerobic Digestion, China National Convention Centre, Beijing, China. 17-20 
October 2017. Poster. 
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Outcome: APSA 2015 or equivalent 

1. Liaquat R, Astals S, Jensen PD, Batstone DJ and Tait S (2015). Inhibition resilience of 
microbes in pig effluent lagoons. APSA Manipulating Pig Production XV, 22-25 
November 2015, Melbourne, Victoria, Australia. Poster. 

2. Skerman AG, Heubeck S, Batstone DJ and Tait S (2015). Alternative low-cost solid 
media for scrubbing of hydrogen sulphide from piggery biogas. APSA Manipulating Pig 
Production XV, 22-25 November 2015, Melbourne, Victoria, Australia. Poster. 
Previously reported under 4C-110. 

3. Tait S, Payne H, Cole B and Wilson RH (2015). A novel separation system removes solids 
from pig effluent more effectively than other systems in common use. APSA 
Manipulating Pig Production XV, 22-25 November 2015, Melbourne, Victoria, Australia. 
Oral. Previously reported under 4C-110. 

4. Astals S, Tait S, Batstone DJ and Jensen PD. A standardised and rapid method to 
quantify anaerobic inhibition 14th World Congress on anaerobic Digestion. 15-18 
November 2015, Vina del Mar, Chile. Oral. Funded by Pork CRC Travel Award. 

5. Yap SD, Astals S, Jensen PD, Batstone DJ, Tait S. On the sufficiency of native microbial 
activity for start-up of solid-phase livestock residue digesters. Venice 2016 Symposium. 
14-17 November 2016. Venice, Italy. Oral. Funded by UQ Travel Award. 

Outcome: Other conferences and industry meetings attended and presented 

1. Tait S, Macintosh C, Meng H, Astals S, Jensen PD, Batstone DJ (2016). The effect of 
temperature and waste composition on organic loading thresholds in anaerobic co-
digestion. Bioenergy Australia Conference 2015. 14 - 16 November 2016. Mercure 
Brisbane, Brisbane, QLD. Oral. 

2. Tait S, Lu Y, Astals S, Jensen PD, Batstone DJ (2016). On the acclimation of anaerobic 
digestion to important chemical inhibitors and the impact of operator intervention. 
Bioenergy Australia Conference 2015. 14 - 16 November 2016. Mercure Brisbane, 
Brisbane, QLD. Oral. 

3. Tait S (2016). Biogas in the Australian Pork Industry. Bioenergy Australia Biogas 
Workshops – Gold Coast – Funded by ARENA. 2 August 2016, Gold Coast, QLD, Australia. 
Also attended by pork producers interested in biogas. 

4. Macintosh C, Astals S, Tait S, Batstone DJ and Jensen PD (2015). Enhancing biogas 
production through anaerobic co-digestion: influence of base substrate on glycerol 
overloading. Bioenergy Australia Conference 2015. 30 November - 2 December 2015. 
Hotel Grand Chancellor Launceston, Tasmania. Oral. 

 

Contributed to five It’s a gas” columns in Australian Pork Newspaper, authored by Mr. Alan 
Skerman: 

5. “Avoiding the big biogas bang” November 2017. 

6. “Anaerobic digestion – keeping bugs in the system” June 2017 

7. “Is biogas viable at smaller piggeries?” April 2017 

8. “ Co-digestion – waste not, want not” March 2017 

9.  “Talking Topic: Cleaning piggery biogas” December 2016 
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7. Industry steering 

The project continued to be steered by a group of pork producers using biogas at their 
piggeries, and these producers provided invaluable on-going access to manure samples for 
testing and data on biogas use at their piggeries. Appendix A presents a minutes to the last 
official steering group meeting held for this project, jointly with 4C-116, and shows how 
the industry steering was important to priority issues and topics for research on biogas in 
the pork industry. Attendees included Ken Cameron, Cameron Pastoral Company, Sunpork, 
QLD; Ian Longfield Rivalea, NSW; Eugene McGahan Integrity Ag Services, QLD; Janine Price 
APL, Pork CRC Sub-Program Leader; Alan Skerman Pork CRC BSP, DAF QLD; Tom Smith, 
Kia-Ora, Vic; Dugald Walker Templemore, NSW; Stephen Wiedemann Integrity Ag Services, 
QLD; Laurie Brosnan, Bettafield Pork, QLD. Other regular contributors of site access, data 
and information on biogas use, have included Edwina Beveridge, Blantyre Farms, NSW; Rob 
Wilson, Rob Wilson Consulting, WA, and others which have not been listed here for 
confidentiality reasons. The collaboration with 4C-116 (Bioenergy Support Program – DAF 
Transition) also continued throughout the life of this project, and included contributions 
towards live support of Pork CRC demonstration piggeries, testing biogas technology on-
farm to identify options particularly suitable for the Australian context from a cost and 
technical perspective, and dissemination of information via Australian Pork Newspaper 
columns listed above. 
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8. Application of Research  

Biogas is increasingly used at Australian piggeries to produce heat and generate 
electricity, with current uptake of biogas being about 13.5% of total Australian pork 
production. Biogas is produced by anaerobic treatment, a natural microbial process 
converting pig manure organic matter into valuable methane (plus carbon dioxide as a by-
product). By capturing and burning the biogas in a generator, flare or hot water system, 
greenhouse gas (GHG) emissions can also be reduced by up to 64% across an Australian 
pork supply chain (Wiedemann et al., 2016). 
 
A low cost, and simple design and operation have made covered anaerobic ponds (CAPs) 
popular for biogas production at Australian piggeries. However, accumulation of float 
layers and/or sludge are on-going concerns with CAPs. Scum/crust can damage pond 
infrastructure or restrict methane collection and sludge displaces active pond volume over 
time and eventually has to be extracted. Solids separation can be used to reduce VS 
loading on a covered anaerobic pond (CAP), thus decreasing the propensity for 
scum/sludge formation and pond size required. This reduces construction costs and 
maintenance costs associated with ongoing desludging. Results of the present study 
confirmed that VS reduction by solids separation also reduces methane yield recoverable 
from a CAP (an unwanted effect), specifically by 17-31% for a screw press and by 22% for a 
static run-down screen. Also, a solids separator has on-going operating costs, including for 
chemicals and energy. In general, the net operational and cost benefits would need to 
outweigh the methane yield loss. Costs and benefits need to be compared on a site-by-site 
basis, considering the specific biogas energy value and also anticipated savings in labour 
costs from less frequent desludging, because of a reduced manure solids loading on the 
CAP. Greenhouse gas accounting, such as used by the Emissions Reduction Fund (ERF), 
assumes that solids separation reduces manure methane emissions, and that the reduction 
in emissions is proportional to the extent of VS removed by the solids separation. From the 
present results, these appear to be reasonable assumptions, showing that assumed VS 
removal extents for a screw press (37%, (Skerman et al., 2013)) and static rundown screen 
(25%, (Skerman et al., 2013)), are reasonable conservative indicators of the reduction in 
manure methane. This is important for baseline calculations by the ERF. Following the 
findings of this study, one of the piggeries from which manure samples were collected, 
continued to use a screw press to preserve the life of the CAP at this piggery. The other 
piggery from which samples were collected, had discontinued the use of a static screen, 
because manure was instead being digested in an in-ground mixed heated digester that 
does not tend to accumulate much sludge. Consequently, the owners of this piggery were 
less concerned about sludge accumulation and were more concerned about maximizing 
biogas production.   
 
Safety and maintenance issues associated with high concentrations of hydrogen sulphide 
(H2S) are currently discouraging further use of biogas at piggeries. Specifically, H2S 
concentrations in piggery biogas is typically as high as 2-4 times the immediate lethal dose 
for humans, and this is also 2-4 times the level readily tolerated by biogas use equipment. 
A number of commercial H2S removal methods are available (Ryckebosch et al., 2011), but 
these are not practical or cost-effective for Australian piggeries. The present research 
trialed a simple biological oxidation system, found to be very effective at removing most 
of the H2S from piggery biogas. Chemisorption with iron oxide in red soil or commercial 
filter media can polish the remaining H2S from the biogas. Having these two steps in 
sequence (biological oxidation followed by chemisorption) helps to reduce the H2S load on 
the chemisorption media. The chemisorption media then last longer and require less 
frequent replacement, thereby reducing operating costs and minimizing exposure to the 
hazardous high reactivity of commercial chemisorption media.  
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In the future, food by-products unsuitable as pig feed will be anaerobically co-digested to 
boost methane production and meet onsite energy demands. However, based on the 
research described in Section 4.0, food by-products should be used as a pig feed wherever 
nutritionally and legislatively appropriate, because the value of pig feed far exceeds the 
value of biogas methane energy in the current energy pricing climate in Australia.  
 
 

9. Limitations/Risks  

Because representative samples of solids could not be obtained from the piggeries that 
employed screw presses, mass balance calculations that were performed to estimate 
methane yield losses instead assumed a total solids (TS) content for the screw press 
screenings at 270 g.L-1. Whilst this was in accordance with previous measurements of 
solids screenings for screw presses, including a Western Australian study, the calculations 
could have been different if the true TS content in solids screening at the respective 
piggeries were different. A sensitivity analysis indicated that methane yield losses could 
have been different by 10% relative or 2% absolute.  
  
The methane yield study showed a range of performances for screw presses in terms of 
solids (TS) and organic matter (VS) removal. Performance for specific solids separation 
methods may vary greatly from piggery to piggery, and over time based on operational 
settings and manure properties. Textbook TS and VS removal values should be considered 
indicative of general performance for specific separation methods.  
 
The methane yield study highlighted a need to revisit and adapt the Standard Method for 
measuring VS in agricultural samples such as pig manure. Whilst methane yield results 
would not have been affected (Section 3.0), TS and VS reduction extents could have. The 
issue results from potential unwanted losses of volatile organic matter from a sample 
during the TS measurement step (drying of the sample in an oven), which then also affects 
the subsequent VS measurement step (combusting of the same pre-dried sample in a 
furnace). 
 
The biological oxidation method described and trialed in the present research achieved 
excellent H2S removal performance. However, no attempt was made to optimize 
performance in terms of air supply and/or supply of CAP effluent as nutrient source 
and/or size of the treatment system. Also, measurements on the day before the intensive 
field trial (Section 3.0) showed that the amount of air that is supplied is important for H2S 
removal and that not enough air was being drawn in by the venturi suction of a 
downstream blower. For these reasons, further research needs to optimize the biological 
oxidation method, and needs to devise methods to ensure that adequate amounts of air 
are being supplied whilst preventing unsafe conditions by adding too much air (producing 
explosive gas mixtures).  
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10. Recommendations  

As a result of the outcomes in this study the following recommendations have been made: 

1. Use VS reduction extent as an indicator of anticipated reduction in methane 

potential in the liquid fraction from a solids separator, i.e. 30% VS removal ≈ 30% 

methane yield reduction.   

2. Use biological oxidation followed by iron (III) oxide chemisorption as a robust yet 

cost-effective treatment combination for removal of H2S from piggery biogas. 

3. Use food by-products as a pig feed wherever nutritionally, legislatively and 

economically appropriate, because the value of pig feed far exceeds the value of 

biogas methane that can be recovered from such by-products. 

4. Future work should develop a more robust method to measure VS in agricultural 

samples such as pig manure.  

5. Because feed wastage consistently affected and could be estimated from effluent 

characteristics, it is recommended that industry‐standard effluent prediction models 

such as PigBal, be adapted in order to routinely estimate feed wastage. 

In addition to the listed recommendations, future research should explore the in situ 
regeneration of iron oxide media.  This would involve two chemisorption vessels operating 
in parallel as duty/standby, with air being passed through the standby vessel in a 
controlled manner to regenerate the chemisorption media whilst biogas is being passed 
through the duty vessel to remove H2S (Figure 10.1). Australian piggeries with biogas and 
chemisorption do routinely regenerate the media by exposure to air, but they do this 
outside of the chemisorption vessel on a concrete pad or similar, and this requires that the 
media be first removed manually from the chemisorption vessel. By instead contacting the 
spent media with air inside the chemisorption vessel, and in a controlled manner to 
regulate the amount of heat released, the chemisorption vessel would not need to be 
opened and hazardous exposure of piggery staff to biogas can be minimized. Temperature 
measurements of the biogas exiting the treatment vessel could be used for safety to 
indicate if/when too much air had been added to the standby column and unsafe amounts 
of heat had been released by the regeneration reactions. In such cases, a spray of water 
could be used to rapidly quench cool the vessel contents.   
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Figure 10.1  Schematic illustration of in situ regeneration of chemisorption media. This 

method is yet to be tested in future research, but could be much safer and easier to 

operate than the current scenario where a chemisorption vessel is opened to manually 

empty and regenerate the media. The top figure shows Column A in duty mode 

removing H2S from biogas, whilst Column B is in standby mode and being regenerated. 

The bottom figure shows a switch where Column A becomes the standby vessel and 

Column B becomes the duty vessel.  
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