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Foreword

Methane is the dominant greenhouse gas emission from Australian agriculture and has been identified
as a priority area for emission reductions within the livestock sector. The potential for capture and use
of methane is greatest in the intensive livestock industries, where manure management is estimated to
contribute three percent of the emissions from Australian agriculture.

This project was part of the Australian Methane to Markets in Agriculture (AM2MA) program, which
was managed by the Rural Industries Research and Development Corporation. The project was
supported by funding from the Australian Government’s Climate Change Research Program along
with funding and support from industry partners: the Rural Industries Research and Development
Corporation, Dairy Australia, Australian Pork Limited, Meat and Livestock Australia, the Australian
Lot Feeders’ Association, and the Australian Chicken Meat Federation.

This project involved upgrading the biogas extraction system installed in conjunction with a partial
floating cover previously retro-fitted to the primary anaerobic pond at the Queensland Natural Pork
Holdings (QNPH) Grantham piggery under an earlier AM2MA project (Project No. PRJ-003003).
Following the system upgrade, the project also included the installation of a biogas reticulation
pipeline to supply a water heating system used to heat the farrowing sheds at the piggery. The biogas
water heating system is expected to significantly reduce Liquid Petroleum Gas (LPG) consumption,
resulting in significant energy savings.

The outcomes of this project will benefit intensive livestock producers by reducing the risk involved
in establishing biogas collection and use systems. This may encourage producers to implement similar
systems for the purpose of reducing their energy consumption and greenhouse gas (GHG) emissions.
The technologies developed in this project may also assist pig producers with the adoption of the
recently launched Carbon Farming Initiative (CFI) methodology.

The objectives of the AM2MA program were:

e development and adaptation of methane capture and use technology for application in the
Australian intensive livestock industries

¢ reduction of the uncertainty, risk and cost of installing methane capture and use systems
e effective communication of project outcomes

e facilitation of commercialisation of on-farm systems for methane capture and use technology.

This report is an addition to the Rural Industries Research and Development Corporation’s (RIRDC’s)
diverse range of over 2000 research publications and it forms part of our former AM2MA R&D
program, which aimed to develop/adapt methane capture and use technology for application in
Australian intensive animal industries.

Most of RIRDC’s publications are available for viewing, free downloading or purchasing online at
www.rirdc.gov.au. Purchases can also be made by phoning 1300 634 313.

Craig Burns
Managing Director
Rural Industries Research and Development Corporation
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Executive Summary

What the report is about

This report is an addendum to the final report prepared for the Australian Methane to Markets in
Agriculture (AM2MA) research project PRJ-005672 ‘Methane recovery and use at a piggery —
Grantham’ (Skerman and Collman, 2012). It provides additional monitoring data relating to the
performance of the biogas-fired water heating system and scrubber installed at the QNPH Grantham
piggery, for the period extending from June 2012 to May 2013, following the submission of the Final
Report.

Who is the report targeted at?

The information provided in this report will assist producers, industry bodies, researchers, industry
service providers, contractors, government policy makers and regulators who have an interest in the
planning, design, installation and operation of biogas capture and reuse systems at Australian
intensive livestock production facilities.

Where are the relevant industries located in Australia?

The outcomes of this research are directly applicable to the Australian pork industry and could be
adapted to other intensive livestock industries, particularly the dairy industry. The pork and dairy
industries operate in all Australian states. There has been considerable interest in adopting biogas
collection and use systems within the Australian pork industry during recent years. At the present
time, several major Australian pig producers are in the process of investigating, planning or
constructing on-farm biogas systems. The recent introduction of the Carbon Farming Initiative (CFI)
‘Methodology for the destruction of methane generated from manure in piggeries’ (DCCEE, 2011)
has resulted in increased producer and industry interest in adopting on-farm biogas technology.

Background

This project followed on from two previous AM2MA projects carried out at the Queensland Natural
Pork Holdings (QNPH) Grantham piggery, viz. Project No. PRJ-003003: ‘Biogas production by
covered lagoons — QNPH piggery, Grantham QId’; and PRJ-004547: ‘Options for biogas cleaning and
use on-farm’. The final reports for these projects (Skerman ef al., 2011 and 2012, respectively)
provide detailed background information regarding the piggery operation, design and installation of
the partial floating pond cover, operational monitoring data and details of the design and installation
of the biogas scrubber.

Due to delays in upgrading the original biogas system and installing the new pipeline and heating
system at the Grantham piggery, limited water heating system monitoring data was available prior to
June 2012 deadline for submission of the Final Report for Project No PRJ-005672 (Skerman and
Collman, 2012). To maximise the benefits resulting from the significant investment already made in
establishing the facilities at the piggery, this project was formally extended to 31 May 2013, to enable
the collection of additional monitoring data. This report is an addendum to the Final Report. It
provides additional monitoring data relating to the performance of the biogas water heating system
and outlines several issues addressed in operating the system and commencing initial scrubber trials
during the period from June 2012 to May 2013.
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Aims/objectives
The objectives of this project, as outlined in the research agreement, were:

e to drive the uptake of waste water methane recovery and beneficial use technologies in Australian
agriculture by demonstrating such technologies at a piggery

e to communicate the benefits of methane recovery and use as a clean energy source through reports
and field days at the demonstration site

e to adapt technologies, quantify risks and collect data to facilitate improvement of economic
assessment and emissions estimation through activities at the demonstration site

e to increase understanding of the benefits of recovering waste methane as a resource

e to reduce the uncertainty, risk and cost of installing methane recovery and use systems.
Methods used

The additional data collection was implemented as follows:

1. Ongoing monitoring of biogas and LPG consumption in the water heating system, biogas
composition, and pond effluent, biogas and air temperatures. This monitoring data has been
collated and analysed.

2. Maintaining the biogas system installed at the piggery.

3. Carrying out a preliminary trial employing a commercial scrubbing medium to remove hydrogen
sulphide from the biogas in an iron-sponge type scrubbing vessel.

4. Carrying out a range of activities to communicate the benefits of methane recovery and use as a
clean energy source. These activities included hosting site visits by various groups, and preparing
and presenting formal papers and talks at public and industry conferences and meetings.

Results/key findings

The temperature data collected during the extended monitoring period was generally consistent with
data presented in the Final Report (Skerman and Collman, 2012). The relatively high thermal mass of
the effluent stored in the pond resulted in more stable pond effluent temperatures in comparison with
the ambient air temperatures recorded at the site. This buffering effect appeared to increase with depth
in the pond.

Biogas composition analyses suggested average methane, carbon dioxide and hydrogen sulphide
concentrations of 67%, 32% and 2198 ppm, respectively. These results are consistent with data
presented in the Final Report (Skerman and Collman, 2012).

Following the installation of a new data logger in December 2012, the average biogas and LPG
consumption rates in the water heating system were 83.97 and 15.13 m’/day, respectively, with
maximum values of 117.45 and 16.31 m’/day, respectively, (excluding periods when the hot water
systems were not operating). To date, the partially covered anaerobic pond appears to be able to
sustain constant operation of the biogas water heating unit. The recent biogas usage rates exceed the
previously measured flows reported by Skerman and Collman (2011) by 24%. This apparent increase
in biogas production may be due to changes in piggery shed flushing practices.
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Implications for relevant stakeholders

The monitoring data collected during the extended monitoring period indicates that a saving in LPG
costs of $31,776 per year should be possible provided the biogas HWS can be made to operate
reliably, with minimum downtime. It is estimated that biogas could supply approximately 64% of the
total farrowing shed heating energy requirement for the piggery, based on the LPG usage records
presented by Skerman and Collman (2012) for the period from April 2009 to March 2010.

Based on using SULFA-BIND® for scrubbing the raw biogas collected under the partially-covered
pond, and assuming that the SULFA-BIND® can be effectively regenerated 12 times, as suggested by
the manufacturers, it is estimated that 221 kg of SULFA-BIND® would be required annually to
effectively treat the biogas. Based on a unit cost of $28.60/kg, the annual SULFA-BIND® cost would
be $6,312 per year.

The unit cost of SULFA-BIND® may be reduced if several biogas users could arrange a bulk
purchase. As the number of Australian piggeries installing biogas systems increases, bulk purchases
may become a more realistic option. Alternatively, there may be other less costly scrubbing media
available on the market.

A recently commenced Pork CRC funded research project is currently investigating a range of biogas
scrubbing technologies and alternative low-cost media for use in iron-sponge type scrubbers. This
project may provide more cost-effective options for improving the quality of biogas so that it is more
suitable for a range of productive uses.

Experience gained during this project suggests that the use of raw (unscrubbed) biogas in the water
heating system may reduce the working life of some of the components. Regular inspections and
maintenance of gas train components are recommended. The installation of an effective scrubbing
device may significantly prolong the life of the biogas hot water system and other system components.

Recommendations

Regular inspections and maintenance of the biogas system components is recommended to ensure
ongoing safe operation of the system and to prolong the life of the various components. This is
particularly important due to the corrosive and toxic nature of the untreated biogas.

It is recommended that pig producers who install biogas collection and use systems investigate cost
effective options for removing hydrogen sulphide from the biogas, to improve the working life of
system components and so that it is more suitable for a range of productive uses.

It is anticipated that a recently commenced Pork CRC funded research project will draw on the
findings of this project in investigating a range of robust, cost-effective biogas scrubbing
technologies, suitable for use at Australian piggeries.
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Introduction

Due to delays in upgrading the original biogas system and installing the new pipeline and heating
system at the Grantham piggery, limited water heating system monitoring data was available prior to
June 2012 deadline for submission of the Final Report for RIRDC Project No PRJ-005672 (Skerman
and Collman, 2012). To maximise the benefits resulting from the significant investment already made
in establishing the facilities at the piggery, this project was formally extended to 31 May 2013, to
enable the collection of additional monitoring data, as specified in a variation to the project agreement
signed on 14 June 2012.

This report is an addendum to the Final Report submitted for RIRDC Project No PRJ-005672
(Skerman and Collman, 2012). It provides additional monitoring data relating to the performance of
the biogas water heating system and outlines several issues addressed in operating the system and
commencing initial scrubber trials during the period from June 2012 to May 2013.



Objectives

The following objectives were specified in the research agreement:

e drive the uptake of waste water methane recovery and beneficial use technologies in Australian
agriculture by demonstrating such technologies at a piggery

e communicate the benefits of methane recovery and use as a clean energy source through reports
and field days at the demonstration site

e adapt technologies, quantify risks and collect data to facilitate improvement of economic
assessment and emissions estimation through activities at the demonstration site

e increase understanding of the benefits of recovering waste methane as a resource

e reduce the uncertainty, risk and cost of installing methane recovery and use systems.



Methodology

Monitoring data

Table 1 describes the parameters monitored, locations, monitoring methods and data collection

periods, for the operational data collected during the course of the extended project. This monitoring

followed on from the data collection carried out under PRJ-003003, as reported by Skerman et al.

(2011).
Table 1. Parameters monitored during the course of the project.
Parameter Location Monitoring method Data collection period

Pond effluent
temperature

Edge of the floating
pond cover at depths of
03,1.0and 1.8 m

HOBO Pendant temperature
data loggers suspended from the
floating cover using a stainless
steel cable

June 2011 — Feb 2013

Ambient air
temperature

Beside covered pond

Tinytalk temperature data logger
and HOBO Pendant temperature
data logger installed in solar
radiation shield

June 2011 — April 2013

Biogas volume
consumed in biogas
water heater

Adjacent to the water
heater, between piggery
sheds 2 and 3.

Landis+Gyr Model 750 gas
meter fitted with an Elster IN-
761 low-frequency pulse
transmitter connected to a
HOBO UX120-017 four
channel pulse input data logger

May 2012 — May 2013

LPG volume
consumed in LPG
water heater

Adjacent to the water
heater, between piggery
sheds 2 and 3.

Landis+Gyr Model 750 gas
meter fitted with an Elster IN-
761 low-frequency pulse
transmitter connected to a
HOBO UX120-017 four
channel pulse input data logger

May 2012 — May 2013

Biogas water heating system

As described by Skerman and Collman (2012), during April 2012, a new Rheem Model 631265NO
heavy-duty gas hot water system (HWS), designed to run on natural gas, was installed between

piggery sheds two and three, beside a similar, existing LPG-fired unit. The new HWS was converted
to run on biogas by Williamson Brothers Plumbers. This involved adjusting the burner pressure at the

inlet regulator, drilling out the main jet from 4.8 mm to 6.0 mm diameter and making minor
adjustments to the mixture (interrupter) screw on the throat of the burner (Figure 1).

Following the installation of the electrical control system, the biogas water heating system was

commissioned during April 2012. A gas system compliance certificate was issued for the conversion
of the HWS to biogas operation, on 22 October 2012 (Figure 2).

Figure 3 shows the water heating system and iron-sponge scrubber developed to remove hydrogen
sulphide from the biogas. The development of the scrubber is described in detail in the Final Report
for PRJ-004547 (Skerman et al., 2012).



The biogas water heating unit was initially connected to the underfloor heating system in one of the
two farrowing sheds (shed 2). The underfloor heating system in the other farrowing shed (shed 4) at
the piggery was connected to the biogas water heating system on 23 July 2012.

- R T I S

Burner flame

Mixture
(interrupter)
screw

Ry

Figure 1. Photograph showing the converted burner in the biogas hot water system.

Figure 2. Queensland Gas Association certification plate fixed to the side of the converted
biogas hot water system.
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Figure 3. Biogas and LPG water heating systems, biogas scrubber and elevated hot water
header tank.

The burner in the converted Rheem HWS was originally fitted with an electrically activated ceramic
element to ignite the gas flow. After three attempts at lighting, the electrical control system in the
HWS shuts down, requiring manual resetting before attempting re-ignition. During initial operation of
the biogas HWS, it appeared that the biogas was not igniting reliably, resulting in the system shutting
down on several occasions. To address this issue, an authorised Type-B gas fitter (Williamson
Brothers Plumbers) installed an LPG pilot flame supplied from the nearby LPG gas line, on 5 October
2012. This appeared to improve the reliability of the biogas ignition. The ceramic element was
retained as an alternative ignition option in the modified system.

Further problems were experienced with the operation of the biogas HWS and it was found that the
gas control solenoid valve (White Rodgers 36C90H-408, Rheem part No 079500), as shown in Figure
4, was not allowing gas flow to the burner when the electrical control system was prompting start-up.
The original valve was replaced on 17 October 2012.

To enable monitoring of the biogas and LPG water heater operation, a four channel pulse input data
logger (HOBO UX120-017) was installed on 20 December 2012 to record the pulse output from the
biogas and LPG gas meters (Landis+Gyr Model 750 fitted with Elster IN-Z61 low frequency pulse
transmitters).

The biogas HWS once again ceased operating effectively during late December 2012. It was
determined that the second gas control valve had failed after approximately 10 weeks of operation.
This valve was replaced on 23 January 2013. The gas fitter believed that the gas control valve failures



may have been caused by an excessive build-up of heat from the burner in the vicinity of the valve. It
had been observed that the baffles in the HWS flue had been partially blocked by a build-up of a flaky
sulphurous deposit, as shown in Figure 5. This may have prevented some of the hot exhaust gases
from escaping up the flue, resulting in an excessive heat build-up near the gas control valve.

In an attempt to address the heat build-up issue, the gas fitter removed all of the radial steel baffles
from the flue to improve exhaust gas flow. While this action undoubtedly improved the exhaust gas
flow, the heat transfer performance of the water heater was noticeably reduced. After the removal of
the baffles, the piggery manager observed that the biogas water heater operated continuously without
reaching the target shut-off temperature of 65°C set on the thermostat.

The biogas HWS operated effectively for a period of approximately 7 weeks, until 11 March 2013,
before the third gas control valve failed. Due to uncertainty over the availability of project funds and
the availability of the gas fitter, a new gas control valve was not installed until 22 April 2013. To
address the potential for further damage to the gas control valve due to excessive heat from the burner,
the gas fitter installed a heat shield which was fabricated on-site from galvanised steel sheeting, as
shown in Figure 6.

Electrical
control
module

Gas
control
valve

Burner

LPG pilot
flame
control
valve

Figure 4. Rheem Model 631265NO hot water system with cover plate removed showing the
electrical control module, gas control valve, burner and LPG pilot flame control
valve.



Figure 5. Flaky sulphurous deposit in the baffles of the biogas hot water system flue.

Figure 6. Galvanised steel heat shield installed in biogas HWS to protect the gas control
valve from excessive heat from the burner.

An alternative trial baffle (Figure 7) was manufactured in the Agri-Science Queensland workshop and
installed in the HWS flue on 1 May 2013. It is hoped that this baffle will improve heat transfer from
the flue gas to the water tank, while being sufficiently free-flowing to minimise the risk of excessive
heat build-up near the base of the HWS. This baffle can also be removed and cleaned relatively easily.
While this trial baffle was made from galvanised steel sheeting which may have a limited life due to
the corrosive nature of the raw biogas, if it proves to be successful, an improved version could be
made from a corrosion-resistant material such as stainless steel.



Figure 7. Alternative baffle installed in biogas HWS flue.

Biogas composition

A Geotech Biogas Check portable gas analyser, as shown in Figure 8, was purchased in June 2011, to
enable convenient, regular monitoring of the biogas quality. The portable analyser measures methane
and carbon dioxide using infra-red absorption, oxygen using an electrochemical cell and hydrogen
sulphide using an electrochemical cell installed in an external gas pod. This instrument was used to
measure gaseous concentrations primarily just upstream from the hot water system. Calibration of the
instrument was carried out at regular intervals using a cylinder of 60% methane — 40% carbon dioxide
calibration gas and a cylinder of 2000 ppm hydrogen sulphide calibration gas purchased from a
commercial company.

External
H,S pod

Figure 8. Geotech Biogas Check portable gas analyser used to monitor biogas quality.



Scrubber trial

The commencement of the scrubber trial was delayed due to the ongoing reliability issues with the
biogas water heating system and delays in the replacement of the gas control valve. Two drums

(30 kg) of SULFA-BIND® commercial scrubbing medium was added to the iron-sponge type
scrubber depicted schematically in Figure 9, prior to the replacement of the HWS gas control valve on
22 April 2013. The SULFA-BIND® medium was poured into a large funnel inserted into a 50 mm
port on the top of the scrubber vessel. As the depth of the SULFA-BIND® bed progressively
increased in the vessel, a manual spray bottle was used to dampen the medium. The biogas HWS has
continued to operate virtually continuously since the valve replacement on 22 April 2013.
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Figure 9. Schematic drawing of the ironiron

Following the addition of the scrubbing medium, the scrubbing vessel and short length of pipe
between the scrubbing vessel and the HWS were purged with biogas prior to the HWS being restarted.
Purging is carried out to avoid the possibility of an explosive air/gas mixture existing or forming in
consumer piping, appliances or confined places (AS/NZS 5601.1:2010, Appendix D).



In this case, it was important to ensure that air which entered the scrubbing vessel during the
placement of the scrubbing media was purged to prevent the possible ignition of a potentially
explosive mixture of biogas and air (the lower and upper explosive limits of methane in air are 5%
and 15%, respectively, while the average biogas methane concentration measured at the site was
67%). The purging process involved connecting a long length of tubing to the condensation release
valve just upstream from the HWS. This tubing was connected to a purge bucket placed at a safe area
beyond the end of the piggery sheds. The purge bucket was filled with water which acted as a flame
arrester.

A third 15 kg drum of SULFA-BIND® was added to the scrubber on 1 May 2015. Following the
addition of the third drum of SULFA-BIND®, the scrubbing media was thoroughly wet using a hose
and the excess moisture was drained through the condensation release valve on the bottom of the
scrubbing vessel. The Geotech Biogas Check portable gas analyser was used to measure the hydrogen
sulphide concentration upstream and down stream from the scrubber.

Flare maintenance

The biogas system at the Grantham piggery incorporates a normally-open, pneumatically actuated
valve which directs the biogas collected under the pond cover to the flare when the hot water system
is not operating. The flare operates under the relatively low passive pressure (approximately 30 Pa)
which builds up under the pond cover (unassisted by the gas pressure booster which supplies the
HWS). During periods when the biogas hot water system was not operating, it was observed that the
flare (located adjacent to the biogas extraction system, near the partially covered pond) was not
operating. After dismantling the flare, a blockage was found on the upper side of the ball valve fitted
to the stem of the flare. This blockage appeared to consist of a hard plug of a carbon-rich deposit, as
shown in Figure 10. Following the removal of this blockage, the flare has continued to operate
effectively.

Figure 10. Hard, carbon-rich deposit which had built up on the upper side of the ball valve
installed on the stem of the flare, blocking biogas flow.
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Results

Temperature data

Table 2 provides a summary of the averages, maximums, minimums and ranges for the ambient air
temperatures recorded at the site, and the pond effluent temperatures recorded at three depths (0.3 m,
1.0 m and 1.8 m) in the partially covered primary anaerobic pond. Figure 11 is a graphical
representation of this temperature data recorded at 30 minute intervals. Unfortunately, the pond
temperature loggers inexplicably disappeared between February and May 2013, effectively limiting

the monitoring period.

Table 2. Averages and ranges of ambient air, pond effluent and biogas temperatures.

Parameter Ambient air Pond effluent depth
0.3 m 1.0m 1.8 m
Monitoring period start Jun 11 Jun 11 Jun 11 Jun 11
Monitoring period end May 13 Feb 13 Feb 13 Feb 13
Logging interval (min) 30/60 30 30 30
Average temperature (°C) 19.0 21.8 21.9 21.9
Maximum temperature ("C) 40.5 323 30.1 30.0
Minimum temperature (°C) -0.7 11.6 13.0 13.2
Temperature range (°C) 41.2 20.7 17.1 16.8
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Figure 11. Ambient air temperature and effluent temperature recorded at three depths (0.3 m.
1.0 m and 1.8 m) in the partially covered anaerobic pond
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In August 2012, some changes were made to the shed flushing practices at the piggery. Previously, the
effluent stored in the static pits under the sheds was released approximately once weekly. However, in
August 2012, a new pump was installed to more regularly flush recycled secondary pond effluent
through the pits underlying the sheds. This change is reflected in the increased variability in the pond
effluent temperature at a depth of 1.8 m, near the base of the pond (Figure 11). This change in
practices may have also increased biogas production by minimising the potential for losses of volatile
solids from effluent stored in the static pits for up to one week, and by improving the mixing of settled
solids on the base of the primary pond.

The temperature data presented in Table 2 and Figure 11is very similar to the data previously
presented by Skerman and Collman (2012). Figure 11 clearly shows less variation in pond effluent
temperature than in the ambient air temperature, demonstrating that the effluent stored in the pond has
a relatively high thermal mass which buffers fluctuations in the ambient air temperature. Furthermore,
the variation in pond effluent temperature appears to decrease with depth.

Biogas composition

The results of the biogas composition monitoring from March 2012 to May 2013 are plotted in Figure
12. These results were obtained using a Geotech Biogas Check portable gas analyser. The average
methane, carbon dioxide and hydrogen sulphide concentrations were 67%, 32% and 2198 ppm,
respectively.
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Figure 12. Biogas composition determined using the Geotech Biogas Check portable analyser.

Water heating system gas consumption

The hourly and daily consumption of biogas and LPG used for farrowing shed heating are shown in
Figure 13 and Figure 14, respectively. These records commence in December 2012, following the
installation of the HOBO logger. Over this monitoring period, the average biogas and LPG
consumption rates were 83.97 and 15.13 m*/day, respectively, with maximum values of 117.45 and
16.31 m’/day, respectively, (excluding periods when the hot water systems were not operating).
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To date, the partially covered anaerobic pond appears to be able to sustain constant operation of the
biogas water heating unit. For the period from April to December 2009, Skerman et al. (2011)
recorded an average daily biogas flow through the flare of 68 m’/day, with a corrected value of

65 m’/day, based on standard temperature and pressure conditions (15°C and 101.3 kPa).
Consequently, the recent biogas usage rates exceed the previously measured flows by 24%. This
apparent increase in biogas production may be due to the previously described changes in effluent
management practices since the original measurements were taken in 2009.

8,
~71
5
o
2 ]
mgef || I
?:’ 4
i)
a
€ 5
>
(7]
c
3 —
o 4 1 ) iogas
5 —LPG
jo2]
£
T3
_a:) T | |I
o I
‘(3‘ 4
s 2
229
5
o
I,]’
] I ui LUT., 1T l “ ”HW”“HH‘] - ‘l"' Ww
0: ARARARARARREMRARSLnanan et et frrrrr frrrrr frrrrr frrrrr e e e e e e
YN Y e e 2 e 2 e 2 e2eeeeee @
T
§88 3585888288822 285822 238
E Y s 8N & 3 -2 g 32883 R2RII G
Figure 13. Hourly biogas and LPG consumption for farrowing shed heating
120
110
gmof A 'V
. N
E 90 \f v
g "\
b= 80
E ]
@ 70 4
g ]
é 60f == Biogas
o —LPG
2 50
® ]
[} ]
< 404
L 1
2 307
= ]
3 20 l
] v——-——\wwvn--—————\
10’ /J 2 vn I \‘
0: “““ 1\+I1 “““ frrrer frrrrr frrrer Hr

17-Dec-12 +
24-Dec-12 ——
31-Dec-12
07-Jan-13 —
14-Jan-13 &
21-Jan-13 1
28-Jan-13

11-Feb-13

18-Feb-13

25-Feb-13

18-Mar-13 —
25-Mar-13 1
01-Apr-13 —
08-Apr-13 1
15-Apr-13 —
22-Apr-13 +
29-Apr-13 ——
13-May-13 ]

06-May-13 +
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The thermostats on the biogas and LPG fired water heaters were originally set to preferentially use
biogas when it was available. To this end, the thermostats on the biogas and LPG units were initially
set to cease heating when the water temperature reached 65°C and 55°C, respectively. This
arrangement appeared to provide a water temperature that effectively achieved the target temperature
of 32 - 34°C on the surface of the underfloor heating pads in the farrowing sheds, as previously
described by Skerman and Collman (2012). Figure 15 is an infrared photograph showing the
temperatures on the surface of one of the farrowing shed under-floor heating pads. The outline of the
“S” shaped copper pipe which conveys the heated water through the concrete pad can easily be seen in
this photograph.

Figure 15. Infrared camera photograph of one of the farrowing shed heating pads showing the
surface temperature variation.

Figure 16 shows the average daily farrowing shed heating energy consumption, presented on a
monthly basis, for the period from July 2012 to April 2013. During November 2012, the LPG HWS
was turned off by the piggery manager as it was considered that the biogas unit could provide
sufficient heat energy over the warmer months. While the total required heating energy generally
declines during the warmer summer months; the gas use during February 2013 was significantly
higher than expected. It appears that the higher gas usage during this month followed the removal of
the baffles from the biogas HWS on 23 January 2013, when the gas control valve was replaced. This
reduced the heating efficiency of the biogas HWS resulting in increased operating times for both the
biogas and LPG systems, as both systems struggled to heat water to the thermostat cut-off
temperatures. As shown in Figure 14, the biogas system was not operating from 11 March to 22 April
2013, potentially resulting in lower overall gas consumption during these months, despite the fact that
the LPG system was operating continuously over much of this period.

The operating efficiency of the LPG HWS was apparently declining due to a build-up of scale in the
water heating tank, resulting from the use of relatively ‘hard’ (high mineral content) bore water for

several years. With the impending onset of the cooler months, the piggery owners decided to replace
the LPG unit in early May 2013. The thermostat settings on both the biogas and LPG units may now

14



require adjustment to achieve the most efficient use of the available biogas following the replacement
of the LPG unit and the installation of the new baffle in the biogas unit, effectively improving the
heating efficiencies of both units.
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Figure 16. Average daily farrowing shed heating energy consumption.

Initial scrubber trial

As previously noted, the commencement of the scrubber trial was delayed due to the ongoing
reliability issues with the biogas water heating system and uncertainty regarding the availability of
funding to carry out the required system repairs. Consequently, there was very little time available
towards the end of the project period to carry out comprehensive or conclusive scrubber trials.

Following the addition of two drums (30 kg) of SULFA-BIND® to the iron-sponge type scrubber,
there was an initial 28% reduction in the biogas hydrogen sulphide concentration from 1695 to

1227 ppm on 22 April 2013, based on measurements taken upstream and down stream of the scrubber
using the Geotech Biogas Check portable gas analyser. However, the SULFA-BIND® medium may
not have been sufficiently wet to achieve optimum performance at this time.

A third 15 kg drum of SULFA-BIND® was added to the scrubber on 1 May 2015. Figure 17 shows
the interface between the old and new media observed through the porthole in the side of the
scrubbing vessel. This photograph clearly shows the contrast between the exhausted, black SULFA-
BIND® medium which had been added to the vessel on 22 April and the orange-coloured fresh
medium. The manufacturers of SULFA-BIND® state that as the ferric hydroxide coating on the fresh
medium reacts with the hydrogen sulphide in the biogas to produce ferrous sulphide, the colour of the
medium changes from orange to black.

On this occasion, a hose was used to thoroughly wet the scrubbing medium while the excess moisture
was allowed to drain from the bottom of the scrubbing vessel. When the biogas HWS was restarted,
the biogas hydrogen sulphide concentration was reduced by 62%, from 2035 to 768 ppm.

15



By 13 May 2013, the scrubbing potential of the medium added to the vessel appeared to be practically
exhausted, as indicated by its black colour, resulting in a 13% reduction in the biogas hydrogen
sulphide concentration, from 1391 to 1214 ppm. Unfortunately, there was insufficient time available
prior to the end of the project to regenerate the SULFA-BIND® medium and carry out further, more
comprehensive trials.

Figure 17. Viewing porthole in the biogas scrubber following the addition of the third drum of
SULFA-BIND® showing the black colour of the exhausted medium in contrast to the
orange coloured fresh medium.

The recommended design criteria for iron-sponge type scrubbers are provided in Table 3. The
predicted performance of the SULFA-BIND® scrubber based on using the existing vessel and also an
improved vessel selected to give optimum performance, are outlined in Table 4.

Table 3. ¥ Recommended design criteria for iron sponge type scrubbers
(McKinsey Zicary, 2003).

Parameter Units Value / range
Residence time sec > 60
Bed height m 1.2-3.0
Gas velocity m/min 0.6-3.0
Mass S loading g S/min/m’ bed <10
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Table 4.

vessel and one selected to give optimum performance.

SULFA-BIND® scrubber performance predictions based on using the existing

Scrubbing vessel Units Existing vessel /  Existing vessel / Recommended
Initial trial recommended vessel
Diameter m 0.46 0.46 0.393
Total vessel height m 1.01 1.01 2.0
Max media height m 0.70 0.70 1.5
Cross-sectional area m’ 0.166 0.166 0.122
Total vessel vol L 168 168 244
Max media volume L 116 116 182
Biogas
Biogas consumption m’ biogas/day 105 105 105
Vessel flow velocity m/min 0.44 0.44 0.60
Biogas H,S concentration ppm 1707 1707 1707
Biogas H,S production m’ H,S/day 0.179 0.179 0.179
mole H,S/day 7.45 7.45 7.45
g H,S/day 254 254 254
Biogas S production g S/day 239 239 239
Biogas S loading g S/min/m” bed 0.998 0.998 1.365
SULFA-BIND®
Mass media added kg 45 89 140
Density kg/L 0.766 0.766 0.766
Volume L 58.75 116.19 182.29
Media height m 0.353 0.699 1.500
Media residence time sec 55 101 150
Adsorption rate mg H,S/g S-B 35.00 35.00 35.00
Mass consumed g S-B /day 7,256 7,256 7,256
Volume consumed L S-B /day 9.47 9.47 5.58
Lifespan days 6.2 12.3 19.3

From Table 4, it is evident that the configuration used in the initial scrubber trial did not meet the
recommended design criteria outlined in Table 3. While the gas flow velocity and sulphur loading rate
met the recommended design criteria, the media height (0.353 m) was significantly less than the
recommended minimum value of 1.2 m, and the residence time (55 seconds) was just less than the
recommended minimum value of 1 minute. It is therefore not surprising that the initial trial results
showed relatively low rates of hydrogen sulphide removal compared to the manufacturer’s claimed
removal rate of up to 99.98%. The predicted 6-day lifespan prior to exhausting the SULFA-BIND®
media is also consistent with the findings of this trial.

While it is not possible to achieve the recommended 1.2 m bed height with the existing scrubber
vessel, improved performance could be expected by adding 89 kg of SULFA-BIND®, effectively
increasing the residence time to 101 seconds. However, at the time when the SULFA-BIND® was
purchased, there was only 60 kg of the product available in Australia. The increased mass of SULFA-
BIND® should increase the lifespan of the medium to approximately 12 days, prior to requiring

regeneration.
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The right-hand column in Table 4 provides details of a taller scrubber configuration with a slightly
smaller diameter which meets all of the design criteria, resulting in an estimated 19 day media
lifespan, prior to regeneration.

Extension of biogas technology

As outlined in the previous Final Report (Skerman and Collman, 2012) the Australian Methane to
Markets in Agriculture (AM2MA) projects conducted at the Grantham piggery have created
considerable media interest and have been used to publicise government initiatives such as the launch
of the first Carbon Farming Initiative methodology. Since the submission of the Final Report to
RIRDC in June 2012, the following additional activities have been undertaken by research project
leader, Mr Alan Skerman:

20 September 2012

13 November 2012

26 November 2012

30 November 2012

13 February 2013

19 March 2013

27 June 2013

Prepared and presented a talk at the CFI communications workshop in
Goondiwindi.

Prepared and presented a talk on biogas scrubbing to the Pork CRC
Stakeholders’ Meeting in Melbourne.

Prepared and presented a talk entitled “Methane recovery and use at a
piggery near Grantham Queensland” at the Bioenergy Australia Conference.

The Final Report submitted to RIRDC in June 2012 was revised in
November 2012 following a review by a federal DAFF officer.

Prepared and presented a talk providing an update on this project (RIRDC
Project No PRJ-005672) at the APL researchers’ forum in Canberra.

On-site meeting with Mr Erik van Driel, Senior Process Engineer with
Aquatec Maxcon Pty Ltd, to discuss potential for biogas development in the
intensive livestock industries.

Requested to prepare and present a talk entitled “Update on biogas heating

and scrubber trial at Grantham piggery” at the Bioenergy Australia Quarterly
Meeting to be held at the University of Queensland.
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Implications

Biogas and LPG consumption, since the two farrowing sheds were connected to the underfloor
heating system on 23 July 2012, are summarised below, along with the economic value of the biogas
as a substitute for LPG. Projected figures are also provided, based on eliminating biogas HWS
downtime:

Measured biogas and LPG consumption (23 July 2012 — 7 May 2013):

Total biogas use: 13,123 m’ (340,000 MJ)
Average daily biogas use: 46 m’/day (1,181 Ml/day)
Total LPG use: 3,343 m’ (308,560 MJ)
Average daily LPG use: 12 m’/day (1071 Ml/day)
Value of LPG saving: $13,600 / 288 days (9.5 months)

(based on LPG price $1.00/L)

Projected biogas and LPG consumption, eliminating biogas HWS downtime:

Average daily biogas use: 84 m’/day (2,135 Ml/day)
Potential value of LPG saving: $25,073 /288 days
Projected annual LPG saving: $31,776 / year

In summary, the above data indicates that a saving in LPG costs of $31,776 per year should be
possible provided the biogas HWS can be made to operate reliably, with minimal downtime. It is
estimated that biogas could supply approximately 64% of the total farrowing shed heating energy
requirement, based on the LPG usage records presented by Skerman and Collman (2012) for the
period from April 2009 to March 2010.

Based on using SULFA-BIND® for scrubbing the raw biogas collected under the partially covered
pond, and assuming that the SULFA-BIND® can be effectively regenerated 12 times, as suggested by
the manufacturers, it is estimated that 221 kg of SULFA-BIND® would be required annually to
effectively treat the biogas. Based on a unit cost of $28.60/kg, the annual SULFA-BIND® cost would
be $6,312 per year.

The unit cost of SULFA-BIND® may be reduced for the purchase of larger quantities or if a number
of biogas users could make a bulk purchase. As the number of Australian piggeries installing biogas
systems increase, bulk purchases may become a more realistic option. Alternatively, there may be
other less costly scrubbing media available on the market.

A recently commenced Pork CRC funded research project is currently investigating a range of biogas
scrubbing technologies and alternative low-cost media for use in iron-sponge type scrubbers. This
project may provide more cost effective options for improving the quality of biogas so that it is more
suitable for a range of productive uses.

Experience gained during this project suggests that the use of raw (unscrubbed) biogas in the water
heating system may reduce the working life of some of the components. It is recommended that
regular inspections and maintenance of gas train components be performed. The installation of an
effective scrubbing device may significantly extend the life of the biogas hot water system and other
components.

The Type-B gas fitter who carried out the certification of the converted biogas hot water system
(Bizmatrix Pty Ltd) has recommended that the owners arrange for Type B safety services to be carried
out twice annually, in accordance with AS 3814 standards and the gas regulations.
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Recommendations

Regular inspection and maintenance of the biogas system components is recommended to ensure the
ongoing safe operation of the system and to prolong the life of the various components. This is
particularly important due to the corrosive and toxic nature of the untreated biogas.

It is recommended that pig producers who install biogas collection and use systems investigate cost-
effective options for removing hydrogen sulphide from the biogas, to extend the working life of
system components and so that it is more suitable for a range of productive uses.

It is anticipated that a recently commenced Pork CRC funded research project will draw on the
findings of this project in investigating a range of robust, cost-effective biogas scrubbing
technologies, suitable for use at Australian piggeries.

20



References

DCCEE (Department of Climate Change and Energy Efficiency), 2011. Carbon Farming Initiative:
Methodology for the destruction of methane generated from manure in piggeries, Approved.
http://www.climatechange.gov.au/government/initiatives/carbon-farming-initiative/methodology-
development/approved-methodologies/~/media/government/initiatives/cfi/methodology-
development/methodologies-under-consideration/CFI-MethanePiggeriesMethodology-20111205-

PDF.pdf

McKinsey Zicari, S., 2003. Removal of hydrogen sulphide from biogas using cow-manure compost, A
thesis presented to the Faculty of the Graduate School of Cornell University in Partial Fulfilment of
the Requirements for the Degree of Master of Science.
http://www.green-trust.org/Al1%20Rutan/MS-Thesis-Steve-Zicari.pdf

Skerman, A. and Collman, G., 2012. Methane recovery and use at a piggery - Grantham, Final Report
- RIRDC Project No PRJ-005672, RIRDC, Barton, ACT.

Skerman, A., Collman, G., Sohn, J.H. and Pott, L., 2012. Options for biogas cleaning and use on-
farm, Final Report - RIRDC Project No PRJ-004547, RIRDC, Barton, ACT.

Skerman, A., Collman, G., and Pott, L., 2011. Biogas production by covered lagoons — ONPH
piggery, Grantham Qld, Final Report - RIRDC Project No PRJ-003003, RIRDC, Barton, ACT.

21


http://www.climatechange.gov.au/government/initiatives/carbon-farming-initiative/methodology-development/approved-methodologies/~/media/government/initiatives/cfi/methodology-development/methodologies-under-consideration/CFI-MethanePiggeriesMethodology-20111205-PDF.pdf
http://www.climatechange.gov.au/government/initiatives/carbon-farming-initiative/methodology-development/approved-methodologies/~/media/government/initiatives/cfi/methodology-development/methodologies-under-consideration/CFI-MethanePiggeriesMethodology-20111205-PDF.pdf
http://www.climatechange.gov.au/government/initiatives/carbon-farming-initiative/methodology-development/approved-methodologies/~/media/government/initiatives/cfi/methodology-development/methodologies-under-consideration/CFI-MethanePiggeriesMethodology-20111205-PDF.pdf
http://www.climatechange.gov.au/government/initiatives/carbon-farming-initiative/methodology-development/approved-methodologies/~/media/government/initiatives/cfi/methodology-development/methodologies-under-consideration/CFI-MethanePiggeriesMethodology-20111205-PDF.pdf
http://www.green-trust.org/Al%20Rutan/MS-Thesis-Steve-Zicari.pdf

Methane recovery and use at
Grantham piggery

By Alan Skerman

Pub. No. 13/107

This report is an addendum to the final report 12/064
‘Methane recovery and use at a piggery - Grantham' (Skerman
and Collman, 2012). It provides additional monitoring data
relating to the performance of the biogas-fired water heating
system and scrubber installed at the QNPH Grantham

piggery, for the period extending from June 2012 to May
2013.

The information provided in this report will assist producers,
industry bodies, researchers, industry service providers,
contractors, government policy makers and regulators who
have an interest in the planning, design, installation and
operation of biogas capture and reuse systems at Australian

intensive livestock production facilities.

RIRDC is a partnership between government and industry
to invest in R&D for more productive and sustainable rural
industries. We invest in new and emerging rural industries, a

suite of established rural industries and national rural issues.

Most of the information we produce can be downloaded for

free or purchased from our website <www.rirdc.gov.au>.

RIRDC books can also be purchased by phoning
1300 634 313 for a local call fee.

I

rere®ere. RURAL INDUSTRIES
‘e S : M *°"  Research & Development Corporation

(] [ ] L)

Phone: 02 6271 4100

Fax: 02 6271 4199

Bookshop: 1300 634 313

Email: rirdc@rirdc.gov.au

Postal Address: PO Box 4776,
Kingston ACT 2604

Street Address: Level 2,15 National Circuit,
Barton ACT 2600

www.rirdc.gov.au



	Foreword
	Acknowledgments
	Abbreviations
	Executive Summary
	What the report is about
	Who is the report targeted at?
	Where are the relevant industries located in Australia?
	Background
	Aims/objectives
	Methods used
	Results/key findings
	Implications for relevant stakeholders
	Recommendations

	Introduction
	Objectives
	Methodology
	Monitoring data
	Biogas water heating system
	Biogas composition
	Scrubber trial
	Flare maintenance

	Results
	Temperature data
	Biogas composition
	Water heating system gas consumption
	Initial scrubber trial
	Extension of biogas technology

	Implications
	Recommendations
	References


<<

  /ASCII85EncodePages false

  /AllowPSXObjects false

  /AllowTransparency false

  /AlwaysEmbed [

    true

  ]

  /AntiAliasColorImages false

  /AntiAliasGrayImages false

  /AntiAliasMonoImages false

  /AutoFilterColorImages true

  /AutoFilterGrayImages true

  /AutoPositionEPSFiles true

  /AutoRotatePages /None

  /Binding /Left

  /CalCMYKProfile (Coated FOGRA27 \050ISO 12647-2:2004\051)

  /CalGrayProfile (Dot Gain 20%)

  /CalRGBProfile (Adobe RGB \0501998\051)

  /CannotEmbedFontPolicy /Warning

  /CheckCompliance [

    /None

  ]

  /ColorACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorConversionStrategy /CMYK

  /ColorImageAutoFilterStrategy /JPEG

  /ColorImageDepth -1

  /ColorImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /ColorImageDownsampleThreshold 1.50000

  /ColorImageDownsampleType /Bicubic

  /ColorImageFilter /DCTEncode

  /ColorImageMinDownsampleDepth 1

  /ColorImageMinResolution 300

  /ColorImageMinResolutionPolicy /OK

  /ColorImageResolution 300

  /ColorSettingsFile ()

  /CompatibilityLevel 1.5

  /CompressObjects /Tags

  /CompressPages true

  /ConvertImagesToIndexed true

  /CreateJDFFile false

  /CreateJobTicket false

  /CropColorImages false

  /CropGrayImages false

  /CropMonoImages false

  /DSCReportingLevel 0

  /DefaultRenderingIntent /Default

  /Description <<

    /ENU ([Based on 'RIRDC high quality'] Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)

  >>

  /DetectBlends true

  /DetectCurves 0

  /DoThumbnails false

  /DownsampleColorImages true

  /DownsampleGrayImages true

  /DownsampleMonoImages true

  /EmbedAllFonts true

  /EmbedJobOptions true

  /EmbedOpenType false

  /EmitDSCWarnings false

  /EncodeColorImages true

  /EncodeGrayImages true

  /EncodeMonoImages true

  /EndPage -1

  /GrayACSImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageAutoFilterStrategy /JPEG

  /GrayImageDepth -1

  /GrayImageDict <<

    /HSamples [

      1

      1

      1

      1

    ]

    /QFactor 0.15000

    /VSamples [

      1

      1

      1

      1

    ]

  >>

  /GrayImageDownsampleThreshold 1.50000

  /GrayImageDownsampleType /Bicubic

  /GrayImageFilter /DCTEncode

  /GrayImageMinDownsampleDepth 2

  /GrayImageMinResolution 300

  /GrayImageMinResolutionPolicy /OK

  /GrayImageResolution 300

  /ImageMemory 1048576

  /JPEG2000ColorACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000ColorImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayACSImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /JPEG2000GrayImageDict <<

    /Quality 30

    /TileHeight 256

    /TileWidth 256

  >>

  /LockDistillerParams false

  /MaxSubsetPct 100

  /MonoImageDepth -1

  /MonoImageDict <<

    /K -1

  >>

  /MonoImageDownsampleThreshold 1.50000

  /MonoImageDownsampleType /Bicubic

  /MonoImageFilter /CCITTFaxEncode

  /MonoImageMinResolution 1200

  /MonoImageMinResolutionPolicy /OK

  /MonoImageResolution 300

  /Namespace [

    (Adobe)

    (Common)

    (1.0)

  ]

  /NeverEmbed [

    true

  ]

  /OPM 1

  /Optimize true

  /OtherNamespaces [

    <<

      /AsReaderSpreads false

      /CropImagesToFrames true

      /ErrorControl /WarnAndContinue

      /FlattenerIgnoreSpreadOverrides false

      /IncludeGuidesGrids false

      /IncludeNonPrinting false

      /IncludeSlug false

      /Namespace [

        (Adobe)

        (InDesign)

        (4.0)

      ]

      /OmitPlacedBitmaps false

      /OmitPlacedEPS false

      /OmitPlacedPDF false

      /SimulateOverprint /Legacy

    >>

    <<

      /AddBleedMarks true

      /AddColorBars true

      /AddCropMarks true

      /AddPageInfo true

      /AddRegMarks true

      /BleedOffset [

        28.34646

        28.34646

        28.34646

        28.34646

      ]

      /ConvertColors /ConvertToCMYK

      /DestinationProfileName (Coated FOGRA27 \050ISO 12647-2:2004\051)

      /DestinationProfileSelector /DocumentCMYK

      /Downsample16BitImages true

      /FlattenerPreset <<

        /PresetSelector /MediumResolution

      >>

      /FormElements false

      /GenerateStructure false

      /IncludeBookmarks false

      /IncludeHyperlinks false

      /IncludeInteractive false

      /IncludeLayers false

      /IncludeProfiles true

      /MarksOffset 6

      /MarksWeight 0.25000

      /MultimediaHandling /UseObjectSettings

      /Namespace [

        (Adobe)

        (CreativeSuite)

        (2.0)

      ]

      /PDFXOutputIntentProfileSelector /DocumentCMYK

      /PageMarksFile /RomanDefault

      /PreserveEditing true

      /UntaggedCMYKHandling /LeaveUntagged

      /UntaggedRGBHandling /UseDocumentProfile

      /UseDocumentBleed false

    >>

    <<

      /AllowImageBreaks true

      /AllowTableBreaks true

      /ExpandPage false

      /HonorBaseURL true

      /HonorRolloverEffect false

      /IgnoreHTMLPageBreaks false

      /IncludeHeaderFooter false

      /MarginOffset [

        0

        0

        0

        0

      ]

      /MetadataAuthor ()

      /MetadataKeywords ()

      /MetadataSubject ()

      /MetadataTitle ()

      /MetricPageSize [

        0

        0

      ]

      /MetricUnit /inch

      /MobileCompatible 0

      /Namespace [

        (Adobe)

        (GoLive)

        (8.0)

      ]

      /OpenZoomToHTMLFontSize false

      /PageOrientation /Portrait

      /RemoveBackground false

      /ShrinkContent true

      /TreatColorsAs /MainMonitorColors

      /UseEmbeddedProfiles false

      /UseHTMLTitleAsMetadata true

    >>

  ]

  /PDFX1aCheck false

  /PDFX3Check false

  /PDFXBleedBoxToTrimBoxOffset [

    0

    0

    0

    0

  ]

  /PDFXCompliantPDFOnly false

  /PDFXNoTrimBoxError true

  /PDFXOutputCondition ()

  /PDFXOutputConditionIdentifier ()

  /PDFXOutputIntentProfile ()

  /PDFXRegistryName ()

  /PDFXSetBleedBoxToMediaBox true

  /PDFXTrapped /False

  /PDFXTrimBoxToMediaBoxOffset [

    0

    0

    0

    0

  ]

  /ParseDSCComments true

  /ParseDSCCommentsForDocInfo true

  /ParseICCProfilesInComments true

  /PassThroughJPEGImages true

  /PreserveCopyPage true

  /PreserveDICMYKValues true

  /PreserveEPSInfo true

  /PreserveFlatness false

  /PreserveHalftoneInfo false

  /PreserveOPIComments true

  /PreserveOverprintSettings true

  /StartPage 1

  /SubsetFonts true

  /TransferFunctionInfo /Apply

  /UCRandBGInfo /Preserve

  /UsePrologue false

  /sRGBProfile (sRGB IEC61966-2.1)

>> setdistillerparams

<<

  /HWResolution [2400 2400]

  /PageSize [612.000 792.000]

>> setpagedevice



