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Abstract: Nitrogen technology has been developed as a complementary technology with fumigants, for
control of key pests in Australian grain storages. However, market feedback from industry was its cost which
remained as a barrier of uptake. Therefore, a commercial scale trial was set up using advanced membrane
technology to assist industry overcome operational and the cost barriers for the uptake of the technology. A
new generation membrane technology was sourced from Changshun Anda, a China-based company. The unit
was deployed at the CBH grain port of Kwinana, Western Australia to compare performance against an older
nitrogen generation technology (Pressure Swing Absorbance/PSA). To meet the strict Australian standards
operating conditions the port the unit was upgraded by Changshun Anda specialist team. The target
benchmark was set to $0.50 per tonne of grain (the high-end cost of a phosphine fumigation). Research
demonstrated an operational cost for the older PSA technology of $2.43 per tonne of grain. The technology
also displayed operational limitations in its ability to generate and maintain the required level of nitrogen
purity necessary to provide insect control (99%). In comparison, the generation of nitrogen using membrane
technology cost $0.99 per tonne of grain. Other performance gains were generation of required nitrogen
purity within 4.5 days of operation and ability to maintain purity for the required 14 days to provide full control of
pests.
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Fig.1 Mobile fumigation unit comprising compressor, membrane
separation nitrogen generator and diesel generator outside
grain storage at the Kwinana terminal.
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Fig.2 Nitrogen application underway to 75 tonne silos. This
Membrane Nitrogen generation unit (60 m’/hour, 99% pure
nitrogen) is completely mobile being powered by a diesel
generator.
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Fig.3 Nitrogen is produced via 60m’/hr, 99% purity Membrane
separation Nitrogen Generator. Hose of diameter %” connected
to outlet.
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Fig.4 Tap system installed in existing thermosiphon pipework.
Thermosiphon pipework consists of 90 mm stormwater PVC
pipe leading from headspace of silo to ground level phosphine
application chamber. Phosphine chamber has entry duct into
base of silo, to complete the recirculation loop.
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Fig.5 At the join of the cone and sidewall of the silo, the
thermosiphon pipe reduces in diameter to 40mm Drain and
Waste (DNW) pipe. This reduced diameter pipe connects with
the ground level phosphine application chamber. It is this pipe
where the Nitrogen application tap system was installed into.
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Fig.6 Nitrogen is applied to the silo via tap system
incorporating UV stable ball valves and camlock fittings for
ease of hose connection.

B7 ATETREFELRSE, RNVEFFBRT 550 mm —
BHEE (40mm) , ZEEIFIELRENIINES, RET—
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Fig.7 A length (550 mm) of the 40 mm pipe was cut and
removed to facilitate installation of the tap system. A brace was
installed to support the pipe given the additional weight of the
tap system. Two 40 mm rubber sleeves were used to connect
onto the 40 mm pipe. Four hose clamps were installed to the
rubber sleeves and fastened to complete the gas tight
installation.
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Fig.8 Once the Nitrogen application system had been installed,
a pressure test was conducted to ensure the silo was gas tight
enough to maintain adequate concentrations of N,. Silos sold as
gas tight and fitted with thermosiphon systems require pressure
relief valves for compensation of temperature fluctuations to
prevent silo damage. Pressure tests are conducted by applying a
volume of air (250 Pa) to the silo and with a handheld
manometer and stopwatch, timing the decay of that applied
pressure to half (125 Pa) giving its ‘half loss time’. A value in
minutes. The silos for these trials returned a ‘half loss time’ of
5 minutes indicating suitability for the application of Nitrogen.
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Fig.9 Once the Oxygen concentration in the Headspace and
cone of the silo return values of 1% or less, indicating the
presence of 99% Nitrogen, the Nitrogen production can be
reduced and the exhaust ball valve closed. Briefly continuing a
low flow (around 10 m*/hour) of Nitrogen will build a slight
positive pressure in the silo, which will aid in the silos ability to
maintain high concentrations of Nitrogen. The N, application
ball valve is then closed and hose withdrawn. The hose can be
unfastened whilst still flowing Nitrogen as the flow is minimal.
The inline ball valve is then opened allowing Nitrogen to
circulate around the silo via the thermosiphon system, as
dictated by the daily temperature fluctuations.
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11 A 25 H-10:15 30 20.2
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11:00 33 1.3 7.9
11:15 33 1.4 4.9
11:30 33 1.2 3.4
11:45 30 1.1 2.5
12:00 30 1.0 1.7
12:15 30 0.9 1.4
12:30 30 1.0 1.2
13:20 1.0 1.3
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10:15 33 0.8 1.1
11:00 0.9 1.0
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Fig.10 Oxygen concentration and N, generator flow rate data
from N, application to Silo 1, Mingenew field evaluation site
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from N, application to Silo 2, Mingenew field evaluation site
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Table 2 The relationship between capacity of nitrogen
generator and silo with cost

A4 ()7 A S M (m’/hour) JHAS(S per t)
2300 t/60 m*/hour = 38 (K43 &5 il & HL) $0.99
2 300 t/120 m*/hour = 19 (543 & A HL) $0.84
500 t/30 m*/hour = 17 (PSA) $2.43
500 t/60 m*/hour = 9 (PSA) $2.15
S0k
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Abstract: Nitrogen technology has been developed as a complementary technology with fumigants, for
control of key pests in Australian grain storages. However, market feedback from industry was its cost which
remained as a barrier of uptake. Therefore, a commercial scale trial was set up using advanced membrane
technology to assist industry overcome operational and the cost barriers for the uptake of the technology. A
new generation membrane technology was sourced from Changshun Anda, a China-based company. The unit
was deployed at the CBH grain port of Kwinana, Western Australia to compare performance against an older
nitrogen generation technology (Pressure Swing Absorbance / PSA). To meet the strict Australian standards
operating conditions the port the unit was upgraded by Changshun Anda specialist team. The target
benchmark was set to $0.50 per tonne of grain (the high-end cost of a phosphine fumigation). Research
demonstrated an operational cost for the older PSA technology of $2.43 per tonne of grain. The technology
also displayed operational limitations in its ability to generate and maintain the required level of nitrogen
purity necessary to provide insect control (99%). In comparison, the generation of nitrogen using membrane
technology cost $0.99 per tonne of grain. Other performance gains were generation of required nitrogen
purity within 4.5 days of operation and ability to maintain purity for the required 14 days to provide full
control of pests.
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1 INTRODUCTION

Although phosphine is still the most commonly-
used gas fumigant for controlling pests in stored
grain, other options are required to be explored.
One area of interest is the use of controlled
atmospheres in which oxygen, carbon dioxide and
nitrogen concentrations as well as temperature and
humidity are regulated. In grains, legumes and
oilseed the primary aim of the atmosphere is to
control insect pests as most insects cannot exist
indefinitely without oxygen. The technology has a
long history in the industry!'*! and has known to be
a fairly slow process, taking up to several weeks
especially at lower temperatures (less than 15 °C).

In 2016, Australian grain industry established
an investment project — Phosphine Alternatives to
develop nitrogen technology as a complementary
technology to the use of fumigants. The investment
developed efficacy data and optimal nitrogen
operating levels for control of key pests in
Australian grain storages. The investment used
pressure-swing absorption (PSA) technology to
generate the required purity of nitrogen which is
99%. The technology is based on separation of
some gas species from a mixture of gases using
specific adsorptive materials (e.g., zeolites,
activated carbon, and molecular sieves) as a trap,
preferentially adsorbing the target gas species at
high pressure. The process then swings to low
pressure to desorb the adsorbed material. Industrial
nitrogen generator units which employ the PSA
technique produce high purity nitrogen gas (up to
99.9%) from a supply of compressed air. To resolve
costs barriers and drive impact opportunities the
investment from a delivery and impact perspective,
the research included an on-farm trial (held in WA)
which resulted in a positive financial result for the
grower involved as he gained a market premium for
the treated grain (based on an “organic” classification).

However, market feedback from industry was
that cost remained a barrier to uptake; the need for
gas-tight storages was another barrier although this

is reducing as insect resistance to the fumigant

phosphine drives grain industry uptake of sealed
storages. As a next step research has taken
advantage of recent advances in the cost of nitrogen
generation (membrane technology) by the mining
industry to assist industry overcome operational
barriers to uptake of the technology. Nitrogen
membranes separate gases by the principle of
selective permeation across the nitrogen membranes
wall and have several operational advantages over
PSA technology.

2 METHOD AND MATERIALS

2.1 Commercial trial of generation technology —
PSA technology

Pressure Swing Absorbance technology was
used on-site at several port terminals operated by
CBH Australia. Trials were undertaken at the port
of Kwinana where the mobile PSA generator that is
on-site produces 99.5% pure nitrogen at 30 m*/hour.
The silos selected at Kwinana terminal, Western
Australia, were concrete vertical silos that have
been sealed with a membrane to make them gas
tight to achieve for general phosphine fumigation.
The trial with PSA nitrogen generator was
conducted in a 550 tonne ‘star’ cell approximately
20 tonne of barley. A ‘star’ cell is the void between
four ‘main’ cylindrical cells created during construction.
To boost storage capacity and provide additional
grain segregation options at the terminal, these
voids were sealed and used for the storage of grain.

The grain outlet chutes on the silos used for
the trials were fitted with ball valves and 3”
camlock fittings to facilitate nitrogen application.
The silos are also fitted with internal piping to
allow fumigant gas to be recirculated under normal
fumigation events. The headspace exit pipe would
be used as the purging location for the silos internal
atmosphere. The headspace oxygen concentration
would also be monitored at this location. The
oxygen concentration values were recorded with a
combination of Draeger XAM-7000’s and Toxipro
personal protection monitors. The silo headspace
and ambient temperature data was recorded via
Onset Hobo temp/RH monitors.
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2.2 Commercial trial of generation technology —
membrane technology

The membrane separation nitrogen generator
acquired by Murdoch University from Changshun
Anda, China produces 60 m’ of 99.5% pure
nitrogen. The system had undergone upgrades and
certification to Australian electrical standards prior
to the trials commencing. This has been done by
contracted 3" parties with the support and advice of
specialists from Changshun Anda. The unit was
also made fully portable / mobile to facilitate
transfer of the unit between sites and within large

commercial sites (such as the Kwinana port facility).

Both the compressor and membrane generator were
set on a truck. The truck then has an associated
trailer which can transport the required power (a
diesel generator) for when sites are unpowered or as
a back up to existing power supply (Figure 1).

Fig.1 Mobile fumigation wunit comprising compressor,
membrane separation nitrogen generator and diesel generator
outside grain storage at the Kwinana terminal.

The trial was conducted in a 2,300 tonne
‘main’ cylindrical cell, filled with approximately
2,200 tonne of barley. Larger capacity silo was used
due to the unit having a higher nitrogen production
capacity. The flow rates and nitrogen purity of the
membrane units can be adjusted, giving either
increased flow rates or increased nitrogen purity.

The system was capable of producing on
average, 85m’ per hour of 98.5% pure nitrogen,
after a brief warm up period. Initially increased
flow rate at a lower purity was opted to enable a
quick purge of the silo. Once a reasonable drop in
oxygen concentration was observed, the flow rate
was decreased to 40 m’ per hour to boost the
nitrogen purity to 99.5%. The same setup and
application procedure was undertaken for the
membrane trial as the PSA trial. From the top of the
silo internal atmosphere purging and monitoring
was conducted. The pipe shown in the photo is
connected to the headspace of the silo. This is the

location for the oxygen concentration monitoring.
The ‘gate’ valve at concrete level was closed prior
to the membrane generator being switched off to
build slight positive pressure in the silo.

A Toxipro oxygen monitor was used as shown
hanging at the top of the yellow safety cone. This
would demonstrate that the exhausted depleted
oxygen atmosphere posed no danger to staff
walking past the fumigation area. In fact, CBH staff
could only detect a drop from normal atmospheric
oxygen content within 30 cm of the end of the pipe.

2.3 Field trial of generation technology -
membrane technology

Field trials were conducted at Mingenew, WA
grain zone in partnership with the Mingenew Irwin
Group (MIG). The two silos chosen for the
demonstration were modern 75 tonne elevated cone
bottom silos fitted with factory installed ground
level phosphine application, thermosiphon systems
and pressure relief valves. The silos were first
pressure tested to ensure suitability for a Nitrogen
treatment. To conduct the pressure test, air pressure
was applied to the silo with the aid of an air blower
through the pressure relief valve. A digital handheld
manometer was attached to observe a pressure
increase of 250 Pa. With the air blower disconnected,
the increase was timed until the pressure decayed to
125 Pa, giving us the silo’s ‘half-life’. Both silos
returned a ‘half-life’ greater than 5 minutes, confirming
their suitability.

One of the silos (Silo 1) contained 2016 Wheat
and was 80% capacity. The other silo (Silo 2)
contained new seasons Wheat and was 100%
capacity. None of the grain had been treated
previously with phosphine. A high level of Carbon
Dioxide was observed in Silo 1, which could
indicate the presence of grain insects. A grain
sample was taken from both silos for its grain
quality attributes and compared with an after-
treatment grain sample at the completion of the trial.
A portion of the grain samples were also placed in
the controlled temperature culture facility at the
Post Harvest Biosecurity laboratory, Murdoch
University to assess further development of naturally
infested grain insects, over a 5-week period.

Monitoring lines were installed to measure the
silos Oxygen concentration at two locations,
headspace and in the cone at the base of the silo.
installed in the

Temperature loggers were

headspace of both silos and one was placed in the

49)



BFHOEE

@ InBsERE:

SCIENCE AND TECHNOLOGY OF CEREALS,OILS AND FOODS

325 2024 E£3H

environment to monitor ambient conditions. To
facilitate the application of Nitrogen to the silo, a
tap system was constructed to be installed into part
of the silos thermosiphon circulation system. Gas
tight UV stable ball valves were used to construct
the application setup. Nitrogen was applied to the
silo via a tap system installed in the pipe running
down the cone at the base of the silo leading from
the thermosiphon pipe to the phosphine fumigation
chamber. The system and key operational activities
are described in Figures 2~9.

Fig.2 Nitrogen application underway to 75 tonne silos.

This Membrane Nitrogen generation unit (60 m*/hour, 99%
pure nitrogen) is completely mobile being powered by a diesel
generator.

Fig.3  Nitrogen is produced via 60 m’/hr, 99% purity
Membrane separation Nitrogen Generator. Hose of diameter
¥4” connected to outlet.

Fig.4 Tap system installed in existing thermosiphon pipework.
Thermosiphon pipework consists of 90 mm stormwater PVC
pipe leading from headspace of silo to ground level phosphine
application chamber. Phosphine chamber has entry duct into
base of silo, to complete the recirculation loop.

Fig.5 At the join of the cone and sidewall of the silo, the
thermosiphon pipe reduces in diameter to 40 mm Drain and
Waste (DNW) pipe. This reduced diameter pipe connects with
the ground level phosphine application chamber. It is this pipe
where the Nitrogen application tap system was installed into.

Fig.6 Nitrogen is applied to the silo via tap system
incorporating UV stable ball valves and camlock fittings for
ease of hose connection.

Fig.7 A length (550 mm) of the 40 mm pipe was cut and
removed to facilitate installation of the tap system. A brace was
installed to support the pipe given the additional weight of the
tap system. Two 40 mm rubber sleeves were used to connect
onto the 40 mm pipe. Four hose clamps were installed to the
rubber sleeves and fastened to complete the gas tight
installation.

Nitrogen is applied to the silo with the
inloading lid locked in the closed position. The
silos internal atmosphere is displaced and purged
out of the silo via the thermosiphon pipe. It is
exhausted at ground level via the ball valve closest
to the wall of the silo.
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Fig.8 Once the Nitrogen application system had been
installed, a pressure test was conducted to ensure the silo was
gas tight enough to maintain adequate concentrations of N,.
Silos sold as gas tight and fitted with thermosiphon systems
require pressure relief valves for compensation of temperature
fluctuations to prevent silo damage. Pressure tests are
conducted by applying a volume of air (250 Pa) to the silo and
with a handheld manometer and stopwatch, timing the decay of
that applied pressure to half (125 Pa) giving its ‘half loss time’.
A value in minutes. The silos for these trials returned a ‘half
loss time’ of 5 minutes indicating suitability for the application
of Nitrogen.

Fig.9 Once the Oxygen concentration in the Headspace and
cone of the silo return values of 1% or less, indicating the
presence of 99% Nitrogen, the Nitrogen production can be
reduced and the exhaust ball valve closed. Briefly continuing a
low flow (around 10 m*/hour) of Nitrogen will build a slight
positive pressure in the silo, which will aid in the silos ability to
maintain high concentrations of Nitrogen. The N’ application
ball valve is then closed and hose withdrawn. The hose can be
unfastened whilst still flowing Nitrogen as the flow is minimal.
The inline ball valve is then opened allowing Nitrogen to
circulate around the silo via the thermosiphon system, as
dictated by the daily temperature fluctuations.

This system of application enables the Nitrogen
to be purged into the base of the silo. This is
achieved by closing the in-line tap and directing the
generated Nitrogen into the base of the silo, via the
fumigation chamber. The fumigation chamber has
an outlet connected to the base of the silo
completing the loop from the thermosiphon system.

Nitrogen then percolates through the grain bulk
displacing the internal atmosphere. Nitrogen is
applied with the silo lid locked down, this directs
the purged atmosphere out of the top of the silo via
the thermosiphon pipe. The atmosphere is then
exhausted at ground level via another ball valve tap
installed adjacent to the application port.

The Membrane separation generator was set to
deliver 33 m’ per hour of 99.4% pure Nitrogen. A
higher flow rate was initially set, as this particular
unit can deliver up to 60 m’ of 99% Nitrogen,
however in this case the higher flow caused the
pressure relief valves to bubble quite rapidly. At 33
m’ per hour the relief valve bubbled gently.
Nitrogen was delivered to the silo via a 20 mm
diameter braided hose, fitted with 34” camlock
fittings. The silos headspace and cone were
monitored throughout the Nitrogen application
period to determine when the application could
cease. Application continued until the Headspace
and cone returned oxygen values of 1% indicating
99% Nitrogen.

At the completion of the application period,
the atmosphere exhaust ball valve was closed first,
building a slight positive pressure in the silo. The
application port was then closed and the hose
withdrawn. To enable the thermosiphon system to
function correctly again, the central in-line tap was
then opened allowing Nitrogen to be circulated
around the silo dictated by the daily temperature
fluctuations.

3 RESULTS

3.1 Commercial trial of generation technology —
PSA technology

Key findings are:

The cell took approximately 84 hours for the
oxygen concentration to drop below 5%;

It took a further 84 hours to reduce to 3%
oxygen;

The cell was monitored for a further 3 days,
but the Oxygen concentration had stabilized at
3.3%. No further reduction had been observed;

Total application time was of approximately 168
hours.

The PSA nitrogen generator is mains powered
unit, which makes it quite difficult to obtain energy
consumption figures for calculation of a treatment
cost. However, based on Lake Grace grain grower
PSA nitrogen purging trials use of same model and
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capacity PSA nitrogen generator, diesel generator
consumed approximately 5 litres of diesel per hour
purging and an average price of $1.45 per litre of
diesel, approximate total running cost of the
treatment was $1,218 or $2.43 per tonne.

3.2 Commercial trial of generation technology —
membrane technology

As this was the first major run for the membrane
generator and associated power equipment, there
were some initial unforeseen issues that required
solving. Once these issues were rectified, the
membrane generator was running at the desired
flow rate continuously, 24 hours a day, until a
satisfactory level of oxygen was reached. Once the
desired level of oxygen had been reached in the
headspace, all application valves were closed and
the silo monitored for a further 11 days. The trial
was terminated after 11 days as the grain was
requested for shipping and out loaded on the 13" day.

Given that the treatment was conducted with
nitrogen, the silo could be opened and the grain out
loaded safely and without the withholding periods
normally associated with venting fumigants.

Key timing and price observations are:

Total application time of approximately 116
hours of purging to reduce the oxygen content to
1.6% in the headspace;

Cell maintained for a further 270 hours at >
97% nitrogen;

Diesel consumed approximately
1,500 litres of Diesel over the 116 hours of purging
($12.9/hour diesel consumption cost);

Approximate total running cost of the
treatment was $2,175 or 99 cents per tonne, based
on an average price of $1.45 per litre of diesel.

generator

3.3 Field trial of generation technology -
membrane technology

The silos were purged consecutively beginning
with Silo 1. The initial purge of Silo 1 took 2.25
hours to bring the Oxygen level down to 1%. The
N, generator was running at 98.8% over this period.
A leak in the outlet pipe of the Nitrogen generator
was detected late into this initial purge which would
account for the low output purity. After the leak
was fixed the unit would deliver 99.3% for the rest
of the trial. The following day, the silo was purged
for another 1% hrs. The secondary application purges
all the additional oxygen and carbon dioxide respired
from the grain overnight. This secondary purge is
the final ‘top-up’ required for a Nitrogen treatment.

If the silo is confirmed as gas tight, the oxygen
concentration can be maintained below 3% for the
duration of the exposure period (Figure 10 and 11).
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Date/Time Rate/(m?/hr) 0,/% 0,/%
25/11-10:15 30 20.2
10:45 33 1.2 14.1
11:00 33 1.3 7.9
11:15 33 1.4 4.9
11:30 33 1.2 34
11:45 30 1.1 2.5
12:00 30 1.0 1.7
12:15 30 0.9 1.4
12:30 30 1.0 1.2
13:20 1.0 1.3
26/11-08:30 9.6 1.3
09:00 27 0.7 2.2
09:15 30 0.7 4.7
09:30 30 0.8 4.2
09:45 33 0.8 2.4
10:00 33 0.8 1.4
10:15 33 0.8 1.1
11:00 0.9 1.0

Fig.10 Oxygen concentration and N, generator flow rate data
from N, application to Silo 1, Mingenew field evaluation site

Total application was 4.5 hours. The diesel
generator powering the Nitrogen generation system
used 11.7 L per hour, indicating a total cost for the
treatment of Silo 1 at $76, based on a diesel cost of
$1.45 per litre. If the silo held the maximum
capacity of 75 tonnes of grain, this equates to a
treatment cost of $1 per tonne.

The initial purge of Silo 2 took 1.5 hours. The
reduced time to low oxygen levels was due to an
increased flow rate of Nitrogen from the generator.
The generator was wound up to deliver 60m’ of
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16:15 30 0.6 1.5

16:30 30 0.7 1.5
26/11-08:30 3.5 1.5

10:15

10:30 33 0.8 1.4

10:45 33 0.7 1.4

11:00 33 0.7 1.6

11:15 29 0.6 1.2

11:30 0.6 1.1

Fig.11 Oxygen concentration and N, generator flow rate data
from N, application to Silo 2, Mingenew field evaluation site

99% Nitrogen to achieve a quick purge. Based on
observations from Silo 1, it was known that an
increase in flow rate would mean a rapid bubbling
of the pressure relief valve. To alleviate this, the
cap was removed from the pressure relief valve.
This would relieve the additional pressure on the
silo and create a secondary purging exhaust port.
Once a significant response was observed in the
oxygen decay, the cap was replaced, and the
generator wound down to deliver 30 m® per hour of
99.3% Nitrogen (Figure 10 and 11). The following
day Silo 2 was purged for an additional 1 hour to
purge the respired oxygen and carbon dioxide
overnight. Total application was 2.5 hours, indicating
an operation cost of $43. This equates to a
treatment cost of $0.60 per tonne. Given the clear
differences in fill capacity and grain age between
the silos, it is difficult to compare the application
efficiencies. Silo 1 contained last season’s grain
which retained more carbon dioxide and oxygen as
new season’s grain in Silo 2. This is evident by the
overnight respired levels, leading to an extended

application period. Silo 2, having a full silo of new
season’s grain would provide a more reliable
estimation of operation costs.

A portion of the grain samples from both silos
have been set aside for the culture of naturally
infested insects. An initial Week 1 count indicated 3
species of insects in Silo 1 and nil adults present in
Silo 2. This is to be expected given the age of grain
in Silo 1 and no fumigation history (Table 1).
detected were dominica
(Lesser Grain Borer), Cryptolestes ferrugineus
(Rusty Grain Beetle) and Tribolium castaneum
(Red Flour Beetle).

Insects Rhyzopertha

Table 1 Purging Observations and Potential to achieve
further operation efficiency

Week 1 species Silo 1-1 Silo 1-2 Silo 2-1 Silo 2-2
Rhyzgpertha 3 3 0 0
dominica

3.12.15  Croplolestes 1 1 0 0
ferrugineus
Tribolium 4 0 0 0
castaneum

The Silos made available for the trial were not
adjacent leading to the idea of purging exhausted
Nitrogen rich atmosphere into the next silo being
abandoned. It was trialled briefly but due to the
back pressure created over distance, the increased
N, flow rate put too much pressure on the purge
silo, causing the relief valve to bubble violently.
Increasing the flow rate of the Nitrogen generator
whilst purging Silo 2 with the relief valve cap off
proved to reduce the purging time significantly.
This observation indicates that it is possible to
purge multiple silos simultaneously, with attention
given to managing the increased pressure placed on
the first ‘charge’ silo. Silos to be linked should be
adjacent to one another to reduce the hose distance,
and larger diameter exhaust discharge hoses
between the silos should be installed to relieve the
pressure applied to the first ‘charge’ silo.

4 DISCUSSION AND CONCLUSION

The field trial of generation technology — PSA
technology represented a
with small capacity nitrogen generators for larger
silos eg, PSA generator (30 m’/hour) for almost
empty silo with 500 tonne capacity and 60 m*/hour

“worst case scenario”

membrane separation nitrogen generator for 2,300
tonne silo, which significantly result to take longer
purging period to overcome gas mixing. The
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membrane separation nitrogen generator has proven
to be very efficient in treating such a large storage
facility as the silo chosen for the trials. The ability
to adjust the flow rates and purity levels to suit the
application has significantly reduced the time taken
to purge the silo’s atmosphere, thereby reducing the
cost of the treatment. When compared with PSA
nitrogen generators, the membrane generators have
the following inherent advantages:

Larger capacity system on a smaller footprint;

Less moving parts, means longer service
intervals;

Membrane modules have a service life of 20
years under the correct operating conditions;

Membrane nitrogen generator being less noisy;

No pressure vessels which require ongoing
certification.

Comparison between PSA generator and
membrane nitrogen generator for generation and
application of nitrogen:

Membrane nitrogen generator got double the
efficiency over PSA;

The availability of larger capacity membrane
nitrogen generators improved the purging efficiency
when matched to large capacity grain storages;

Nitrogen technology can be applied to all
current CBH grain storages that are capable of
fumigation to achieve insects and quality control
with price cheaper than fumigation with
VaperPh3os;

To achieve higher efficient nitrogen purging
and cost (Table 2).

Table 2 The relationship between capacity of nitrogen
generator and silo with cost

Silo capacity (tonne) /

N, generator capacity (m*/hour) Cost (§ per tonne)

2 300 tonne / 60 m*/hour = 38 (Membrane $0.99

nitrogen generator)

2 300 tonne / 120 m*/hour = 19 (Membrane $0.84

nitrogen generator)

500 tonne / 30 m*/hour = 17 (PSA) $2.43

500 tonne / 60 m*/hour = 9 (PSA) $2.15
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