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ABBREVIATIONS
Term Meaning
AIT auto-ignition temperature
ALARP as low as reasonably practicable
AMPC Australian Meat Processor Corporation
AS Assets
AT methane analyser
AWL above water level
CAL covered anaerobic lagoon
CPU central processing unit
EN environment
ESV EnergySafe Victoria
F frequency (for risk calculation)
FCV flow control valve
FA flame arrestor
FMEA Failure Modesnd Effects Analysis
FT flow meter
HS hydrogen sulphide gas
HAZID hazard identification
HAZOP hazard and operability study
HDPE high density polyethylene
MAOP maximum allowable operating pressure
LEL lower explosive limit
LFL, 1/2LFL lower flammable limit, half the LFL.
LOC Loss of Containment
OTTER Office of the Tasmanian Economic Regulator
PE people
PES programmable electronic system
PL plant
PLC programmable logic controller
S severity (for risk calculation)
SCADA supervisory control and data acquisition
SMP Safety Management Plan
TOW top of (CAL) wall
WHS(NUL) Work Health and Safety (National Unifor

Legislation)
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1 INTRODUCTION
1.1 Background

Biogas is the product of anaerobic biological breakdown of organic substances. Anaerobic ponds or
lagoons (the terms are interchangeable) are a common treatment step of wastewater produced from
the meat industry. The technaly is simple and inexpensive to operate while significantly reducing
the wastewater organic loading. The by product, biogas, is both a valuable fuel and a greenhouse gas.
Captured biogas can be used to fuel a boiler or fegeoeration. The burning dhe biogas also
significantly reduces methane emissions. Hence, the covering of the anaerobic ponds has recently
become popular.

The collection and handling of biogas in a covered anaerobic lagoon (CAL) from the bacterial
degradation of meat processingastewater is accompanied by a number of hazards, the most
significant of which include:

w Toxicity due to the presence of hydrogen sulphide gaS)Mhich is a minor component
of biogas
W Flammability of biogas when mixed with air in the appropriate proposi
w Suffocation by biogas due to the exclusion of air, especially in confined spaces
1.2 Aims

The aims of this guide are to:

w Inform the meat processing industry and associated regulatory bodies of the hazards and
risks associated with the production, storagensport and use of biogas produced in
anaerobic systems treating industry wastewater

W Provide recommendations for the mitigation of these risks using ALARP principles

() Provide a consistent approach for the industry across Australia

W Provide technical mateal helpful for companies in preparing their risk management
documentation

1.3 Scope

Since 2007 there has been a rapid introduction of covered anaerobic lagoon technology (and its
associated variants) into the red meat processing industry in Australia to ecpéatitional anaerobic

ponds which were open to the atmosphecealbeit often through a relatively thick natural floating
crust. Consequently, a need has arisen to provide informative and careful advice on the hazards of
this new technology and how thésks associated with these hazards can be appropriately mitigated.

The guide is focused on the identification of hazards and mitigation of the risks associated with biogas
capture from CAL technology treating meat processing wastewater and downstream storage and
transport of the biogas for use in a range of gas appliances

The Guide is also relevant for other biogaeducing anaerobic treatment technologies such as in
vessel reactors and where anaerobic solid digestion may be used.

The terms applying to biogas and biodgaslled devices can be complex. Appendixohtains a
glossary of commonly used technical terms relevant to biogas and frequently used in regulatory
material.
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The Guide does not seek to cover the design, installation or operation of Hogiéesd gas devices
such as flares, boilers or cogeneratiequipment. These devices and their installation are regulated
in most Australian States by regulations which reference Australian Standards.

'Y FTRRAGAZ2YLFE NBaz2dz2NOS 2F AyidSNBad Aa GKS dzLRFGSR

Australian Rea S G t NP OS&daAy3d LYRddzZAGNRBQ YIlydzZadf OoHAMTOO®
management of anaerobic ponds which is complementary to this Guide.
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2 OVERVIEW OF ANAEROBECHNOLOGY

2.1 Anaerobic technology suitable for the meat processing industry

Anaerobt bacterial processes have been integral to the treatment of strong but biodegradable
industrial wastewater for many decades. The meat processing industry has utilised anaerobic systems
widely due to the excellent anaerobic biodegradability of its wastewand the highly robust and
costeffective nature of these processes. The main technology variants are briefly covered below.

2.1.1 Uncovered anaerobic ponds

Uncovered anaerobic ponds have |
long been used in the meat
industry for wastewater
treatment. These ponds treat
the wastewater using the same
biological activity as covered
anaerobic lagoons (CALSs), but are
covered by a naturally fornte
crust consisting of floating fats
and fine cellulosic particles,
which may eventually host grass
and reeds (refer tolmage 1).
These crusts can bquite thin
where primary treatment is of a
high standard, or may be over a
metre thick where prereatment

is cursory.

Imagel: A naturally crusted anaerobic pond processing wastewate
from a large meat plant.

The biogas produced by these ponds escapes through fractures or vents in the crust. Consequently, it
is emitted into the atmosphere fgely untreated, although the crust often deodorises it to a
substantial extent. The loss of this biogas deprives the facility of a substantial source ofmgtergy

fuel. Uncovered anaerobic ponds can contribute 50% or more of the Scope 1 greenhossieesni
(according to NGER) from Australian meat processing plants.

It is worth noting that these ponds generate similar quantities of biogas to CALs and that there have
been few instances of problems (such as fires, etc.) with the release of biogasendpeh despite
numerous anaerobiponds existing at many meat processing plantdustralia.

Anaerobic sludge slowly accumulates in the system over time, although at a far lower rate than in
aerobic systems with the same organic load. Uncovered anaepobigs may require periodic sludge
removal to maintain the available system volume and avoid high suspended solids in the effluent.
Sludge removal is a feature to all anaerobic treatment systems.

2.1.2 Covered anaerobic lagoons (CALS)

CALs are a variant of anaerobic pond technology in which the surface of the pond is covered with a
synthetic geomembrane which trapsetbiogas for collection and use (referltoage2). The first CALs
were installed in Australian red meat processing plants in the188Ds, for examlp at the Australia
Meat Holdings Aberdeen facility and a trial CAL at Southern Meats Goulburn. Significant difficulties
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usually associated with crusts building
up under the cover led to only a gradual
implementation of this technology.

The introductionof the carbon pricing
mechanism in 2012 provided an
economic driver for the adoption of
CALs since they provide a cost
effective means for emissions
abatement relative to other GHG
abatement technologies. They offer
other benefits including:

Negligible dfensive odour

Potential to use the energsich biogas
for boiler fuel and/or cogeneration to

offset purchases of external forms of | age2: Twin 20 ML CALs treating wastewater from a mixec

energy _ _ species Australian meat processing facility
Improved visual amenity compared to

natural ponds

As of late 2016 there were approximately 30 CAL installationsstradian red meat processing

plants and/or rendering facilities totalling 450 ML of treatment volume. Of this, eleven installations
comprising the majority of the volume (350 ML) were commissioned since 2010.

2.1.3 Vesselbased anaerobic reactors

High rate aaerobic reactors (digesters) have been popular for the treatment of highly soluble,
biodegradable industrial wastewater since the 1980s. However, the high suspended solids and oil and
grease content of meat processing wastewater and its particulate n&i@seneant that most of these

high rate anaerobic reactor systems have typically performed poorly where applied to meat processing
facilities.

A low rate type of irvessel anaerobic reactor that can be adapted to meat processing sites is based on
the Anaeobic Contact (AC) system. They are essentially an anaerobic form of an activated sludge
process in which the wastewater is fed into a mixed reaction tank where high concentrations of
microbial sludge are maintained by the recirculation of settled sldfdy®a the downstream clarifier.

This permits high levels of activity. The-#&ated wastewater flows out of the tank into a degassing
chamber, which is needed to remove the high levels of dissolved biogas in the water. From the
degassing chamber the mixeienters a typical clarifier where the bacterial sludge is settled out. Most

is returned to the upstream reaction tank to maintain high bacterial levels. Excess sludge is wasted in
a similar manner to activated sludge plants.

The organic loading rate rerims relatively low (< 2 kg CODYih) despite the high bacterial levels since
hydrolysis of particulate COD remains the rate limiting step. As a result, the tank size required is large
and generally not cost competitive with CALs for larger meat plariie. ativantage of this system is

the mixing of the reaction tank allows good contact between bacteria and COD and minimises
problems caused by accumulating scum, although this remained a challenge with this technology and
resulted in many installations abaoxing it in the UK. The design and operation of a large full scale AC
plant in the US is described by Stebor at al. (1990).
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Nevertheless, there are few examples of successful low rate vessel reactor systems in Australia. One
example is the 3 ML reactat BDC, Bunbury WA. Newer higher rate technologies are emerging such
as the anaerobic membrane bioreactor (AnNMBR) and Anaerobic Flotation Reactor, but remain
unproven at fulscale in the industry.

2.2 Description of typical CAL in the meat industry
2.2.1 Components of a covered anaerobic Lagoon

Figurel shows a typical CAL in the meat industry.

Inspection
4 el Cover wordh
iogas eighting
collection Spear 1
vent

r
Biogas zone

Sludge piping

Figurel: Schematic of typical covered anaerobic lagoon

Most Australian meat industry CALs have been constructed éoadg at low positive pressures under

the cover. This allows biogas accumulation under the cover during normal operation resulting in its
inflation above the water level. The widalgported CAL at Oakey Meat Processing Hiaatnegative
pressure CAL lch is designed to operate at slight negative pressure under the cover with little or no
inflation under normal operation. The benefits and challenges of each type need to be understood
and affects the design of some components.

The CAL typically consisif the following components:

w Impermeable liner
CALs typically have a higensity polyethylene (HDPE) membrane overlain on a geotextile
to prevent wastewater leakage into the subsoil. The liners are usually fixed into place with
an anchor trench usinthe weight of earth or concrete fill to prevent movement.

W Cover
Typically, HDPE is used for the construction of the CAL cover, although a variety of other
plastic materials have also been used (MLA, 2009). The cover is fixed in place by a variety
of methods depending on the fabricator. An anchor trench approacteisitst common
rather than attachment of the cover to a concrete ring beam.

W Wastewater inlet and outlet pipes
The pipework is designed to allow the wastewater to enter and leave below the pond
surface. The inlet pipework is designed to prevent shoduding through the pond
volume. The outlet pipework minimises floating solids canrgr.

() Biogas collection and discharge
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For CALs operating under positive pressure a ring main around the lagoon perimeter and
under the cover is often used to collect thegas, although alternate concepts are used.

A single discharge point in the ring main is common. This discharge exits the CAL either
through the cover or liner. For negative pressure CALs, the biogas collection may need
assistance by floats which qumrt parts of the cover off the water to provide channels by
which the biogas can access the biogas main.

Biogas release valves

It is imperative that the CAL has biogas safety release mechanisms for instances where
biogas is unable to exit through therogentional biogas takeff point. Examples include
blockages or prolonged flare shutdown. A variety of safety release designs have been
used. These range from simple pipe spears which lift out of the liquid as the cover expands,
to more sophisticated mehanisms using water seals, or weighted flaps. Safety valves
generally operate to allow biogas to escape to atmosphere when a preset pressure under
the cover is exceeded.

Inspection ports

Inspection ports allow access to the pond for visual inspectioniastlument access
during CAL operation.

Weighting and stormwater removal system

These two systems work together to minimize stress to the pond cover. The weighting
system performs two functions; it firstly minimizes wind forces on the cover by reducing
the height of cover elevation exposed to the wind and secondly provides low spots for
water accumulation. The stormwater removal system pumps the water away from where
it accumulates.  Excessive amounts of accumulated stormwater may displace large
amountsof CAL treatment volume and may block pipes or biogas flow under the cover.
Sludge removal

Sludge removal systems may be installed to periodically remove accumulated sludge.

10



2.2.2 Components of a biogas capture system

The role of the biogas capture systentvi®-fold:
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1. To capture and incinerate all biogas generated by the CAL to ensure the methane content of the
biogas is converted by burning into carbon dioxide. Methane has a global warming potential of 21
times carbon dioxide. Consequently, incineratihg biogas largely eliminates Scope 1 emissions
from the CAL (especially since the carbon dioxide produced counts as a zero emission).

2. To ensure that all gaseous compounds with an offensive odai8 édpecially) are oxidised to

odourless components.

Theincineration of biogas can be accomplished several ways, but the most common methods in the
Australian red meat processing industry are:

W Flaring

In which case the useful energy of the biogas is lost

w Burning in a boiler

This method recovers the thermatnergy of the biogas while simultaneously
accomplishing the roles above. Emission abatement is increased in this method by the
displacement of fossil fuels to equivalent energy content.

W Burning in a cogeneration engine
In this mode, biogas energy is coresl into electrical energy (at about 38& 40%
efficiency). Significant heat recovery is also possible by use of heat exchangers to recover
thermal energy either from the exhaust gases, or water jacket cooling or both. However,
many meat processing planare already hot water rich.

Figure2 illustrates a typical biogas train.

Biogas pipeline Knock
from CAL p— Out

Emergency
Vent

1,1,

Pot

} Blower

Legend:

AT — Methane analyser

FA - Flame arrester

FCV - blogas flow control valve

FT - Flowmeter

M — motor

FT Pressure transmitter

FTC — Pressure controller transmitter

LiaJ

auto shut-off FCV
valves

iquid @4|
Hz5 lauid Air Fan
Stripper

Chiller

cogen

Figure2: Schematic of typical biogas traand flare system
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A typical biogas train usually contains the following elements:

w

w

Biogas pipeline

This conveys biogas from the CAL cover to the flare.

Knockout pot

This is generally a stainlesteel vessel situated at the lowest point of the bioggsepne

to collect water condensing from the watsaturated biogas as it cools. The water can be
safely drained at this point. This protects the downstream blower and instruments from
damage.

Gas blower

The blower provides positive pressure to conveyghis to the flare for incineration.
Measuring devices

Typically, these include a biogas flowmeter (FT) and methane analyser (AT) with output
logged to the facility SCADA system.

Flow control valve (FCV)

A PLC system typically controls biogas flow tditre through the automated flow control
valve. In many cases, the valve is controlled according to the pressure under the CAL cover
permitting the flare to operate at a number of biogas flow settings. Alternately, the blower
operation can be modulated.

Slam shut valve

A fastacting safety valve system which shuts off the biogas supply in the event the flare is
not functioning or loses flame. The number of valves is set by Australian Standard based
on energy flow. Meat industry systems typically use talves for the larger installations.
Flame arrestor (FA)

This safety device prevents a flame front running back through the biogas supply line.
Flare

The flare is a device which incinerates the biogas safely. There are two main types of flare
available.Regulatory agencies may dictate the selection and should be consulted prior to
purchase.

o0 Fully enclosedThis flare type controls the air supply to the biogas burner to ensure a
hot flame for maximum odour and methane destruction. The flare is conlglete
enclosed in a refractory shield.

o Candlestick This flare is a simple Bunsbnrner type flare consisting of a vertical
biogas tube with burner on top. The air supply is unlimited. This type of flare may
have a metal shroud around the burner to peen wind extinguishing the flame (which
otherwise requires constant rpriming of the flare). This flare is less sensitive to
biogas supply, but usually generates a cooler flame associated with less complete
odour and methane destruction.

Priming system
The priming system which usually consists of a LPG cylinder to feed the flare priming
system in case of the need for flareignition.

Where the biogas is used for cogeneration in a biogas engine, or diverted for boiler fuel, the flare exists
as a contigency element of the system only.

12
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2.2.3 Biogas storage

Biogas storage is necessary to hold biogas generated over the weekend for use during production
times. This requirement is met in different ways depending on the type of CAL.

1. Storage under the CAL Cover ($eage3).
Positive pressure CALs can store significant
guantities of biogas under the cover due to
their large footprint and (usually) large
freeboard. A typical meat industry CAL may
hold 5,000 m of biogas between the CAL
water level and the top of the CAL wall,
GKAOK Aa 2F GKS 2NRSN
a mediumlarge meat processing plant. The [
downside of this is that the CAL cover is
mechanically worked harder than a negative .
pressure cwer due to the frequent changes 'Mage3: Inflated CALTeys, Beenleigh
in cover inflation and its exposure to wind

A2y F2NJ

impacts. There have been no reports of
problems in Australian CALs with cover
deterioration to date.

2. Separate gas storage (skeaged). Negative
pressure CALs must transfer biogas to a
separate storage vessel to mitigate the
mismatch between production and demand.
This imposes additional capital and operating
costs to the mstallation. The upside is that

cover life may be enhanced. A
ImagedY WD2f ¥ 0dz:0f SQ> b.

2.2.4 Biogas conditioning

Biogas sent to a purpodauilt biogas flare does not require conditioning for combustion. Prior to
consumption of the biogas for other uses such as boiler or cogenerat@nbiogas conditioning is
recommended. This typically includes:

W Stripping of Hydrogen Sulphide
Hydrogen Sulphide ¢8) is corrosive to motors and above a low threshold concentration,
reducing the level of this contaminant is commonly required. le¢hods vary, but at
the high biogas flows typical from meat industry CALsS, some sort of stripping tower is
used.

() Dehumidification
The biogas is saturated with water which is undesirable for boiler and cogeneration
engines. Itis common to chill the bicg® remove the excess moisture by condensation.

More detail is found in Sectiok4.

13



3 BIOGAS AND BIOGASIUFATION

3.1 Biogas properties

Biogas comprises largely of methane andablel: Typical biogas composition from meat

carbon dioxide, the products of anaerobicprocessing

digestion of organic material, and i :

saturated with water. Typical quantities o, compound o e iy pieal ol ARl A
. . Methane CH 55 to 75%

water in saturat i r m

biz eas SSri:IIaa?gogr?tiaifan?[rgg sr? go/x , Farbon dioxide €O 20 to 45%

gas. gen, OXyg&th. drogen sulphide| H:S 200 to 10,000 ppm

and hydrogen sulphide are also commonl
present in biogas produced at meat processing facilities. Siloxanes, dust and hydrocarbons may also
be present in biogas generated from landfill, but it is rare in biogas generated from meat processing
wastewater. Typicabiogas compositions are presentedliablel.

Biogas is generally a colourless, odorous and flammable gas that is lighter than air. Specific biogas
properties depend on its composition. The biogas heating value is proportional to the methane
percentage with heat values for methane and carbon dioxide being 37.8 Maha 0 MJ/nd
respectively. For example, the heating value of biogas consisting of 7@8amads 26.5 MJ/fm

The auto ignition temperature is high and ranges from 9% 750C depending on the methane
percentage and environmental conditions. This makes methane less easy to ignite than, for example,
common commercial gases which are propandutanerich.

Hydrogen sulphide @) presence causes odour and toxicity issues with the effects dependent on the
concentration. Table2 shows the symptoms caused by3Hexposure that increase in severity as the
concentration increases. Most measurements oSHat Australian beef processing plants suggest
relatively low HS camtamination (less than 2,000 ppm), but this is still sufficiently toxic to seriously
affect humans who come in contact with it. Levels as high as 8% v/v have been measured in biogas
from an Australian facility (MLA, 2011).

Table2: Symptoms for humans at increasingSHexposure (MSD#
2011)

H.S (ppm) Symptoms

10-20 Eye irritation \( .B'c"“"‘s

50-100 Eye damage : m______.__!__

100- 150 Paralysis of olfactory nerve (ie loss of sense of Nl
Sme”) e S o e o

320-530 Pulmonary oedema ?%‘”

- SRS

>800 Lethal dose to 50% ¢fumans after 5 minutes of S M‘E:-.ﬂ'& <;
exposure e ;

>1000 Immediate collapse with loss of breathing even \-- ?\gu |
after inhalation of a single breath /\ AN e\"_ e

Table3 lists the key biogas properties, the contributing componenitmages: Biogas Warning Sigr
and the relevant consequence. The hazardous biogas properties of

flammability and toxicity are highlighted on the warning sign rtfaistralian meat processing plant
(refer tolmageb).

14
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When biogas is burnt the carbon, emissions are reduced by approximately 97% and the odour is
destroyed. The negative aspects of burning biogas are light pollution from unshrouded candlestick
flares and the possibility of low levels of pollutants from incomplete combustion. However, a well
designed enclosed flare allows almost complete combustioh minimal light pollution.

Table3: Key biogas properties

Compound Components Typical % by dry volume

Flammable Methane Methane is flammable between 5% and 15% in air. Biogas
a useful fuel source however uncontrolled emissionthe
presence of ignition sources must be avoided.

Odorous Hydrogen sulphide prE: 2F KdzYlya OFy RSGSOG G
odour of hydrogen sulphide above 0.0047ppm. Biogas is
highly odorous as it generally contains >200pp48 h

additionto other unpleasant odour compounds.

Water- Humid CAL environment| Lowers thermal value of biogas (MJnBiogas pipelines
saturated prone to condense large quantities of water Increases
corrosion in biogas systems
Colourless Methane and carbon There is no visual warning of the presence of biogas.
dioxide
Lighter than Methane Methane has a specific density of 0.68 kdompared to
Air 1.18 kg/n# for dry air at standard temperature (26) and

pressure (101.325 kPa). The density difference causes m
biogas leaks to rapidly dissipate upwards into the

atmosphere.
Toxic Hydrogen sulphide, At hydrogen sulphide concentration > 1,000ppm (very
carbon monoxide & common in the meat industry) inhalation of a single breath
absence of oxygen pure biogas wold result in immediate collapse with loss of

breathing. Asphyxiation by biogas itself due to the absenc
oxygen is a further threat.

High global Methane Methane has 21 times more warming potential than the
warming equivalent mass afarbon dioxide.
potential

3.2 Uses and requirements for different biogas options

There are five main uses worldwide for biogas produced as a result of large scale anaerobic treatment
of wastewater or waste solids. This excludes the use of biogas to heat the anaeauttir contents,

which is generally not required for Australian red meat processing wastewater due to its already
optimal temperature. The uses of biogas in the Australian meat processing industry comprise:

1. Flaring
2. Boiler fuel
3. Cogeneration of electricitgnd hot water

15
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Table4 summarises the primary requirements in terms of biogas quality and key issues for each of the
options.

16
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Table4: Primary requirements of biogas quality and key issue

Use Minimu Maximu | Moistur | Scale Carbon CAPE | OPE | Dependenc

m CH m HS e dependan | abatemen | X X e on

content | ppm removal |t t ICQe/ external

vol% tCH; used) market
Flare 30% NA minimal | no 20.# low low | none
Boiler 30% 1,000 minimal | yes 23.6 medc¢ | low | none

high
Cogeneratio | 60% 200° required | yes 25. 246 high | high | high if
n export
Gas Grid 87% H0C required | yes 21.0+F high | med | high
high
Vehicle Fuel | 96% 5-25P required | yes 21.0+ high | med | high
high

A A limit on HS levels is advisable to reduce maintenance costs caused by corrosion.
B Most gas engine manufacturers void their warranty if greater than this limit.
C Europearuality limits as total sulphy{mg Snm?3) for feedin gas
D European ehicle fuel, 225 mg/nm3. Wellinger & Lindberg (2005)
E Based on global warming potential of methane of 2%.£8hd 97% carbon abatement achieved by burning.
F Minimum abatement achieved by burning plus the displacement of purchased gas.
G Minimum abatement achieved by burning plus the displacement of purchased electricity.

3.3 Biogas utilisation technologies

The Review of Biogas Cleaning (MLA 2012) recommended the following actions prior to purchasing
biogas equipment:

Biogas quality should be considered at the initial stages of concept development.

Potential equipment suppliers should be consulted to confithe biogas quality

requirements (e.g. technical reference information).

W Biogas sampling should be undertaken to identify the concentrations of constituents which
could potentially have an adverse process and mechanical impacts. This is not always
possibk ¢ for example for greenfield sites.

W If deemed required, technology options for contaminant removal (viz. water and hydrogen

sulphide) should be investigated and assessed considering the specific site preferences

and considerations (noting the advantagesl disadvantages present).

w
w

3.3.1 Flaring

Biogas flares are used to safely incinerate the biogas, reduce carbon emissions and destroy odour.
Water removal in a knockout pot is the only form of freatment required prior to flaring. Where the
biogas is usedor cogeneration in a biogas engine, or diverted for boiler fuel, the flare exists as a
contingency element of the system only. There are two main types of flare available:

3.3.1.1 Fully enclosed

This flare typelnage6) controls the air supply to the biogas burner to ensure a hot flame for maximum
odour and methane destructiorThe flare is completely enclosed in a refractory shield. It usually has
a limited turndown.
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3.3.1.2 Candlestick flare

This flare is a simple bunséuwrner type (mage 7)
consisting of a vertical biogas pipe with burner on top.
The air supply is unlimited. This type of flare may have .
metal shroud around the burner to prevent wind
extinguishing the flame (which otherwise requires FSESs -
constant repriming of the flare). Thisldre is less |
sensitive to e
biogas  supply,
but usually
generates a
cooler flame
associated with
less complete
odour and
flares are low
biogas and light
compliance

Image6: Fully enclosed flare treating CAL
biogas

methane destruction. While candlestick
cost, their lack of complete combustion of
pollution problems may ause noRn
issues where these are stringent.

Flares are the
to their minimal

cheapest option for biogas combustion due
need for biogas conditioning, low operating
costs and moderate capital costs while still achieving
excellent carbon abatement. However, a fully enclosed flare

for a large meat processing facility may cost upwards of
$250,000 in Image7: Candlestick flare at night  aAstralia.

Safety risks are managed through the purchase of approved (by Australian authorities) flares with
relevant safety mechanisms, installation bgpeopriately certified technicians and through their
typically remote, open air location.

3.3.2 Boiler fuel

Using the natural energy of the biogas in onsite boilers adds to the benefit gained by burning of the
biogas. The use of biogas for boiler fuel isaasingly widely used in the Australian red meat industry.

The total carbon abatement achieved by burning 1 tonne of methane in a boiler as opposed to
releasing it to atmosphere is of the order of 23.6 tonne 0s.£Burning the methane contributes to

the largest proportion of the carbon abatement with a further 3.2 tonnexg£€aved by displacing
purchased natural gas. Greater carbon abatement may be possible if the biogas displaces coal which
has 72% greater rate of carbon emissions than LPG for the saengy content.

Cost savings achieved by using the biogas to substitute natural gas as boiler fuel are significant, with
large Australian meat processing facilities reporting savings of the order of §A.Z% million per

year. In addition, where thellacation of natural gas pipeline capacity is restricted, the surplus NG
freed up through the use of biogas is available for facility expansion. The required conditioning of
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biogas for boiler feed is generally minimal. The main issue is to avoid corfasiothe elevated K5
levels in the biogas.

Boiler suppliers generally do not state stringepSHimits for the biogas feed to the boiler. The Review
of Biogas Cleaning report suggests that levels in the range of 4 5000 ppm kS generally does not
require HS removal. This is typically at the usual concentration in biogas from meat processing CALS.

Corrosion can occur in the flue exhaust of boilers, particularly if a boiler economiser is used, as
sulphurous acid can form from the reaction of sulphdioxide and water if the exhaust gas
temperature drops below the dew point. Therefore, boiler economisers should be operated to
YEAYGFEAY + FfdzS 3L a GSYLISNI GdzNBE ANBIF GSNI GKIy
boilers are available, thkiogas may be burnt in the boiler without an economiser.

3.3.3 Cogeneration

Biogas energy is transformed into electricity and heat by cogeneration at a small number of Australian
meat processing or independent rendering plants. Electricity can be either fmednsite
requirements or exported to the electricity grid. It is important to carefully and diligently lock in
contracts with electricity suppliers. There has been some difficulty achieving good commercial
outcomes and even when accepted the electrieitport price is often significantly less than the import
tariffs.

Carbon abatement by cogeneration includes that achieved by burning the biogas plus the reduction in
electricity demand from use or export of the electricity generated. The Scope 2 emiasiolisreduce

by 4.81 tonne C&£ per tonne Chliburnt assuming an electrical conversion efficiency of 35%. Further
carbon abatement may be possible if the waste heat from the gas engines can be utilized to generate
hot water for the facility and replace havater boiler fuel. In many Australian meat processing plants
where high temperature rendering is used, there is already generally sufficient hot water available and
no benefit in producing more.

A wide range of technologies exist to convert biogas into electricity and heat including gas engines,
microturbines and fuel cells. Currently, gas engines and microturbines are the technology of choice.

Fuel cells require extensive biogas conditioning.

The various characteristics and costs of these technologies are preseniedblieb.

Table5: Comparison of biogas power gentoa in stationary appliances

Parameter Biogas Engine Microturbine
Unit capacity (kWel) 110-3,000 30-300

Plant size Small to medium Small
Electrical efficiency (%) 30-42 25-30
Thermal efficiency (%) 40-50 30-35
Overall system efficiency (%) 70-80 55-65
Power/heat ratio production control Not possible Very good
Biogas purification requirement Medium Medium
Emissions N©O High 506700 mg/Nn%¥ Low
Alternative fuel source Liquid gas Natural gas, kerosene, fuel oil
InvestmentO2 &8 1 6 e k1 2 St 0 | 400¢ 1,100 600¢ 1,200
Operation and maintenance cog 0.01¢0.02 0.008¢ 0.015
6ekl2S8t0
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Source: Wellinger et al 2013

All of these technologies require more rigorous biogas conditioning to reduce moisture #hd H
content. Refrigeration suessfully removes moisture. Options fogSHremoval are the same as for
boiler but generally require a higher degree of control and removal efficiency. Manufacturers will often
void the warranty if bS5 concentration exceeds 200 ppm. However most of thensisgtcan be
operated without biogas purification if the level of sulphur is low enough (100 ppmv).

In general, as the 49 concentration in the biogas increases, so do the maintenance costs.

As the electrical efficiency in both cases is low it is important that there is a thermal demand in close
proximity to the facility where possible. For red meat processing plants operating high temperature
render plants, this is a difficult issue sincetrgenerally have sufficient hot water available. Effective

use of recovered heat generated by the engine jacket and exhaust gas (for example by recovering hot
water for process heat, preheating of boiler feed etc) can enhance the economics of CHP (Wadllinge

al 2013).

Biogas cegeneration is generally only suitable in medium to large scale meat processing facilities. A
certain minimum limit of biogas production would be required to justify the capital and operating
expense. However, there is the possipilof third party lease/operate options associated with
cogeneration. There are significant safety issues associated with biogas cogeneration, especially where
the engines are located in enclosed buildings. These risks can be suitable mitigated bgkraado
suitable alarming devices and suitable building construction. These are discussed in the Biogas
Guideline for red meat processing plants.

3.3.4 Export gas options

Biogas conditioning and export for vehicle fuel or to the gas grid is currently not atleythin
Australia. Larger European biogas producers have entered this market. In this scenario, the biogas is
cleaned extensively and scrubbed to remove carbon dioxide (see
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Tabled) to achieve methane contents above 85% v/v.

The main advantages of export gas options occur where onsite uses afexisoent (which is rare
since for most meat processing plants the biogas derived from wastewater treatiauety makes up

more than a small fraction of total demand). The main disadvantage is the extensive biogas
conditioning required to meet the stringent quality requirements and the challenge of negotiating
commercial supply contracts with large gas indugtiayers.

For most meat processing facilities, this option is unlikely to be worthwhile

3.4 Biogas cleaning
3.4.1 Contaminants in biogas

Recent excellent reviews of technologies for biogas cleaning and conditioning are provided by MLA
(2012) and Wellinger et a{2013). Specifically, the Review of Biogas Cleaning (MLA 2012) covers
potential biogas contaminants in meat processidegived biogas, their likely impact and optimal
conditioning regimes in detail.

Supplier information and literature values have beammsnarised inTable 6, which provides a
summary of the major adverse effects attributed to various components and impurities found in biogas
generatedfrom a wide variety of processes.

Table6: Adverse effect of various biogas components and impurities for different end use options

Biogas Flare Boiler Reciprocating gag Microturbine
component engine
Methane (Ch) >50% >50% >60% >55%
Hydrogen Not specified Not specified <250 ppm <5,000 ppm
sulphide (HS)
Water (HO) Free water removal| Free water removal| <80% relative| <55% relative
humidity humidity
Ammonia (NB) | Not specified Not specified <25 ppm <200 ppm
Chlorine (Q) Not specified Not specified <40 ppm 250 ppm
Fluorine (k) Not specified Not specified <40 ppm 1,500 ppm
Siloxanes Not specified Not specified <2 ppm <0.005 ppm
Dust Not specified Not specified 50mg/10kWh 20 ppm
Particle size Not specified Not specified Fo>Y FMn >Y

Fortunately, the main contaminants of concern for biogas generated from meat processing anaerobic
systems are only:

Water

Hydrogen sulphide

The other contaminants listed ifable6 are usually not an issue since they are either not
detected in meat processing biogas (e.g. siloxanes), or are found at levels below the
threshold of concern. Nevertheless, if the biogas is intended for gas engines or
microturbines it is wise to assay the biogas initially to ensure impurities are at satisfactorily
low levels since there may be site specific issues in play

€ e€eE
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The presence of relatig high levels of water and hydrogen sulphide are of most concern and some
degree of biogas conditioning is needed when utilising it for higher grade uses. This depends on the
process used, as highlightedTable?.

Table7: Typical biogas treatment requirements

Process Equipment Hydrogen sulphide| Water (H0)
(HeS)
Flare No Yesg free water removal (e.g. knoedut pot)
Boiler No Yesg drying via chiller
Reciprocating gal Yes Yesg drying (e.qg. refrigeration)
engine
Microturbine No Yesc drying (e.g. refrigeration)

3.4.2 Impact & removal of water in biogas

Biogas is saturated with,8 when produced from the anaerobic wastewategatment process and

large amounts of water may condense from the biogas when cooled (for example in the biogas pipeline
on cool nights). The presence of water promotes the corrodibility of the biogas components; including
H.S, carbon dioxide (Gxand oxgen (Q).

Biogas flares are generally unaffected. For other equipment, wet biogas is troublesome. For
reciprocating gas engines, water condensation in combustion chambers can wash the lubricating oil
off cylinder walls, resulting in higher wear and tear. Water can also accumulate at any low sections of
pipe causing biogas flow restrictions, if the piping system is not designed with correct falls and
condensate removal.

Free water and condensateindh 6 A2 31 & FNBY (GKS | yFISNRoAO aegadsSy A
2dzi LJ2 (G Q Bigu®d) ditk & cogdensaye drain. Additional watemoval can be achieved

through refrigeration of the biogas using chillers, which cools the biogas to below the dew point
temperature, forcing the water to condense. This is typically sufficient for most biogas uses.

o B - - e
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Figure3: Schematic diagram & picture of a typical knack pot (Varec)

3.4.3 H.S removal technologies

A biogas sampling program uerdaken at a number of meat processing plantentified BS
concentrations between 1,000,500 ppm, which is known to cause corrosidrpmcess equipment.
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Measurements at a number of sites by Johns Environmental has found similar concentrations, although
there have been exceptions with one meat processing CAL reported to produce biogasSvidh H
levels up to 8%vi/v.

Sulphur dioxiddSQ), formed from HS during the combustion of biogas, can lead to the production

of Sulphurous ()$3) and Sulphuric ¢$Q) acid from the reaction with 40 when combustion exhaust
gases are cooled below the dew point. There have been several occurafrexamomisers in boilers
being rapidly and severely corroded when the boiler was fed biogas. The lubricating oil of gas
reciprocating engines can also become contaminated with Sulphur and require more frequent
changing. This can severely increase ofegacosts for these devices and decrease their service life.

In practice, it appears that:

W No biogas conditioning other than a knock out pot is needed for biogas flares

W Drying of biogas by refrigeration is recommended for use of biogas in boilers. ®gnera
no biogas conditioning to remove$lis required

w For biogas gas engines, both conditioning to reduce water a8ddtequired

w For microturbines, there is little or no Australian experience with this equipment using

meat processing biogas

Capital anaperating costs for the most common methods used to redu&déncentrations in biogas

at various flow rates commonly observed for meat processing plants are presenkéglire4, with
accuracy of estimates around £30%. These costs are taken from the Review of Biogas cleaning report
(MLA, 2012). More detail on the conditioning technologies is found in that report.

600,000

S00m*/hr
500,000 -
S00m*/hr
400,000
S00m*/h
@
=~ N =&~ \Water scrubbing
5 300,000 150
3 « ron absorptive media

Semr.. ¥ 150u1 /By el Biological scrubbing
200,000 i
o 150m*/hr -~ Blological trickling filter

S0m* /fhr
100,000 —+

0 20,000 40,000 60,000 80,000 100,000 120,000 140,000
OPEX ($/yr)

Figured: Costs for b5 reduction processes

From an economic perspective, it is important to assess the cost of repair and replacement of corroded
equipment with the cost benefit of conditioning the biogas through removal of dryein sulphide. In

some instances, with appropriate selection of use, technology and materials of construction, it may be
better to accept the higher maintenance bill.
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4 BIOGAS REGULATION
4.1 Regulatory approvals for CALs

In addition to the usual requirementer planning approvals often associated with general wastewater
plant installations (such as development approvals and environmental licence amendments) which
typically vary from State to State, there are specific regulations which apply to biogas and its
production, storage, transport and use on a meat processing site.

In Australia, biogas and the certification of biogas equipment (including associated LPG gas bottles)
falls under a regulatory framework which varies significantly from State to State asBiegulation
tends to be viewed through Staidiosyncratic lenses including:

w Dangerous goods regulations, or

w Fuel gas regulations, especially in States with a history of coal mining incidents, or

w WHS regulations with their emphasis on duty of care AhdRP (As low as reasonably
practicable) approach to risk management

For people, new to managing biogas risks, this variance in approach and knowing which State authority
regulates biogas can be very confusing and makes it challenging to find the apirepiiéce. Table

8 summarises the relevant legislation, enforcing authority and relevant direct contact details for each
Australian state or territory It is important to contact these departments directly prior to commencing
work to ensure regulations information is current.

It must be noted also that State environmental authorities may impose specific conditions regarding
biogas combustion equipmén Ay (G KS LI I yiQa Sy@ANRYyYSyilf tA0SyO

There are various aspects of regulation involved with industrial biogas facilities. These can be sub
divided into three groups:

1. Regulations governing the manufacture and installation of gas equipmentingldlares, LPG
flare pilot ignition systems, boilers and gf&®d cogeneration equipment. These are collectively
termed Type B appliances. Typically, the vendor of such equipment will have obtained the
necessary approvals and require appropriate§iried personnel to install the equipment.

2. Workplace health and safety or more specific, non WHS regulations concerning hazards associated
with biogas production, storage, transport and use at a specific site. Typically, these will be the
responsibility othe site and will apply during construction and normal operation.

3. Environmental regulations concerning emissions from gas fuel (e.g. biogas) burning. These will be
site-specific and may involve exhaust emission quality parameters being applied tosthiersiigh
the environmental licence.

4.2 Disclaimer

The guideline is provided as an advisory document for meat processing personnel and their supporting
services who are considering the design, construction, operation or decommissioning of-biogas
producing anarobic wastewater treatment technologies. The content is not intended to replace the
need to adopt good engineering practice principles or to be aware of the changes in regulations
subsequent to the date of the Guideline, which may require additional oreago be taken.
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Table8: Relevant regulatory authority for each State

Appliances) Reguliain
2012

State | Current Regulation Relevant Authority
Qld Petroleum and Gas Petroleum & Gas Ali Jarrahi
(Production and Safety) | Inspectorate, Safety & Petroleum Gas Senior Inspector
Regulations 2004 HealthDivision, (specialising in biogas)
Department of Natural (07) 3330 4241
Resources and Mines ali.jarrahi@dnrm.qgld.gov.au
NSW | Gas Supply (Gas Department of Fair Trading Energy and Utilities Unit

(02) 9895 0722
gassafety@finance.nsw.gov.au

Regulations (Gas and
Explosives)

Work Health and Safety
(Natonal Uniform

Legislation) Act

Vic Gas safety (gas Energy Safe Victoria Iganzio Cannizzo
installation) regulations Senior Gas Engineer
2008 (03) 9271 5429
lganzio.cannizzo@energysave.vic.goV
Tas | Gas Act 2000 and Gas | Consumer, Building and | Andrew Ayton
Safety Regulations 2014 Occupational Services, Manager of Gas Safety
Department of Justice, (03) 6477 7150
Tasmania andrew.ayton@justice.tas.gov.au
SA Gas Act 1997 Office of the Technical Tom Sika
Regulator, Department Manager Gas Installation and Appliang
State Development, South| Safety
Australia (08) 8226 5790
tom.sika@sa.gov.au
WA GasStandards Energy Safety, Departmen Anthony Smith
(GasSupply and System| of Commerce, PrincipalEngineeffor Gas Utilisation
Safety)Regulations (08) 6251 1955
2000 anthony.smith@admirs.wa.gov.au
Gas
StandardgGasfitting
and Consumer Gas
Installation3 Regulations
1999
WA Dangerous Goods Safet| Resource Safety Division, | lain Dainty
(storage and handling of, Department of Mines and | Principal Dangerous Good Officer
non-explosivée Petroleum 08 9358 8001
regulations 2007 dgsb@dmp.wa.gosu
NT Dangerous Goods NT Worksafe Anthony Waite

Manager for Major Hazard
Facilities/Competent Authority
(08) 8999 5037
anthony.waite@nt.gov.au

AMPC

Care needs to be taken to ensure that the regulatory situation has not changed since the publication
of this Guideline.
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5 BIOGAS SAFETY GUINEB

These safety guidelines offer general advice regarding the siting, design and operating practices
associated specifically with CALs. In many cases, individual meat processing facilities have developed

site specific safety practices that improve on and nbaydifferent or more stringent than those
outlined in this Section.

5.1 General siting and exclusion zones

For many facilities, the large size of the CAL and its association with wastewater treatment requires
the CAL and associated equipment to be locatkstant from food processing operations and
residents. This section outlines recommendations concerning the positioning of CALs and related
equipment on the industrial site.

w

Where practicable CALs should be located on the site well away from other igajaon
sources (boilers and byproducts facilities with hot surfaces), traffic and/or areas where
people are working to safeguard infrastructure and personnel against the potential
hazards arising from the nature of biogas. A minimum distance of 50 sétre
recommended subject to site limitations.

As much as practicable, ignition sources should be minimised near the CAL and biogas
train. These include:

0o Vehicles

o Electrical equipment

0 Hot work (grinding and cutting operations)
0 Open flames (cigarettes, rtcnes, etc.)

Where electrical equipment is required (for example stormwater removal, sludge or
effluent pumps, motors and controls), it should be sited outside the hazardous areas
associated with the CAL. Hazardous areas associated with the CAL must be classified
accading to the relevant Australian Standard 60079.10.1:2009 (at the time of writing).
Electrical equipment situated within the hazardous areas must meet the requirements for
the zone identified, or be relocated outside the extent of the zone. In praaticest

release sources associated with CALs under normal operation fall into hazardous area Zone
2 category with small zone dimensions relative to the dimensions of the CAL. Control panel
enclosures should be rated IP55 minimum.

An exclusion zone of at Ish3 metres is recommended around the CAL and associated
inlet and outlet pits so as to prevent public and animal access. Animals, especially
kangaroos and dingos have been known to severely damage CAL covers. The exclusion
zone should be secured usiagsecurity fence. Security mesh is recommended and the
fence should be at least 1800 mm in height. Exclusion of children is critical even though
most CAL sites are usually remote from residences. All access points should be locked.
Safety signs should lerected near the main entry point to inform of the hazards and
required safety measures within fenced area (refer to

Image8). Recommended signagecindes:

No entryg Authorised personnel only

Exclusion of ignition sources (naked flames, smoking, etc)
Biogas properties and hazards

Deep tanks

O O O O
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W The biogas pipeline must be clearly identified with signage to prevent damage by third
parties.
W Tall objects sth as light stands, power poles and trees should be positioned at a suitable

distance to eliminate the possibility of their falling on the cover during storms or due to
the failure of the supporting structure.

W Vegetation should be controlled in the surrading areas to reduce the fire risk to the
cover in the case of bushfire or where a fire event occurs nearby. Where ember attack is
a realistic possibility, consideration might be given to fire suppression systems to protect
the CAL cover (e.g. sprinklgrsgems).

"

ko

Image8: Suitable safety signs on exclusion zone
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5.2 Design for cover protection

The cover is the integral part of the CAL that captures the biogas. It is imperative that the cover is not
compromised. Holes in the cover will not only allow loss of biogas to the atmosphere but also create
a potentially hazardous environment. The cowesign should include features that reduce the
likelihood of damage.

w

The biogas collection system under the cover is employed to capture the biogas and
transfer it to the biogas train. Meat processing CALs have a propensity to accumulate
scum underhe cover despite best practice pteeatment. Biogas collection piping should

be at least 500 mm above the maximum operating water level so that the risk of scum,
foam or mousse entering the collection system is minimised. Gassy mousse resulting from
incomplete breakdown of incoming organic load is particularly mobile and troublesome
and can frequently occur during startup of CAL systems.

Overpressure release systems prevent cover @niiation in the event that biogas cannot

be withdrawn via the biogatrain for any reason. Cover ovieflation may lead to it
tearing from its fixings, or become subject to excessive wind forces. It is recommended to
provide an overpressure release mechanism. Several options have been used in Australia
including:

o Safety speardiiage9). While ———
these are simple, they are =
vulnerable to blockage by scumi
under the cover which may = = =
nullify their effectiveness and R

the cover. They are best placed
well within the cover perimeter
to avoid biogas release at
angles near horizontal to the
ground.

0 Hydrostatic release valvesirage :
Image9: Safety spears.

10) use a depth of liquid, typically
water, to prevent biogas release
below a set presse. For most

applications, 100 mm water head is
sufficient to maintain less than 100
Pa.g pressure under the cover. The
advantages of this device are
simplicity, it is unlikely to be
compromised by scums and
release occurs remote from the |

CAL. The igadvantage is the
requirement for constant topping
up of the liquid and thesmall
margin of error (especially on g
hot summer days), which can

lead to excessive biogas releaselmagel0: Hydrostatic release valves
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0 Weighted or mechanically operated flapsége
11) release can be used instead of spears t
avoid penetration below the cover. Theye
best placed well within the cover perimeter to
avoid biogas release at angles near horizontal t
the ground.

Cover seam welds should use split head wedg®
and/or extrusion welding techniques to join HDPF
sheets to permit nordestructive weld testing to B=SS
ensure gas tightness during construction.

Penetrations through either the CAL liner or cove
should be reinforced to minimise the risk of tearing
This is particularly true of penetrations such a
inlets, outlets and safety spears where the
protruding element under the cover may becomelmage11: Weighted operated flap
bound into undercover scum and crust leading tdilcoy PastoraCompany, Kilcoy
excessive stress on the supporting welds due to differential movement of the cover and
crust.

Stormwater removal systems
(Imagel2) should be designed to
remove large volumes of
accumulated stormwater on the
cover surface, which can
potentially strain cover fixings and
stretch the cover. In some
instances excess stormwater ca
depress the cover to block inlets

77

outlets or access of biogas to thew”f,f,ff:”’%ﬁ}é{,'/
undercover biogas collection &
system.

It is recommended to avoid

installing electrical items on Imagel2: Typical stormwater removal system.
cowers such as stormwater pumps

unless fitted with temperature cubuts.

Partitions fixed to the underside of the cover (such as hanging curtains or baffles) are not
advised. These have a tendency over time to fold and lift up under the cover where they
mayblock access by biogas to overpressure devices or the collection system.

A hazardous area analysis consistent with AS/NZ 60079.10.1:2009 Explosive atmospheres
¢ Classification of areas is recommended to assess the extent of suitable zones of
separationof potential biogas release points from identified hazards. Where possible and
appropriate, larger exclusion distances should be provided for potential ignition sources
to minimise the possibility of flash fires in the event of major releases from covers.
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5.3 Biogas train design

The biogas train includes biogas piping, blower, instrumentation, gas conditioning equipment and all
biogas combustion units as shownHigure2.

Biogas pressures are typically low for meat processing industry CALs. Biogas pressure upstream of the
blower and under the CAL cover is usually less than 0.1 kPa. In some cases, iundsr pegative
pressure for some covers. Upstream of the blower, a typical biogas delivery pressure to the flare using
centrifugal blowers is still low at less than 5 kPa. Higher pressures may be used for delivery to gas
boilers and cogeneration gensets

A hazardous area analysis is recommended for the biogas pipeline to the point of connection with the
biogas flare and skid as per item 8 of Section 5.2. Where the biogas train and flare is a Type B device
with a certificate of compliance, the flare vemrdwill have generally conducted their own assessment.

5.3.1 Biogas system: CAL to blower

1. A manual isolation valve is recommended in the biogas pipeline adjacent to the CAL to permit
isolation of the biogas train from the CAL.

2. In laying out pipe runs and equipment, due recognition should be given to potential gas releases
and ignition that could lead to damage by flame on nearby objects. Typical lateral impact distances
due to thermal radiation from a small jet fire (ignitioh lmogas leak from pipeline) are small (of
the order of 3 metres or less).

3. Consideration should be given in design to isolation strategies, particularly where long biogas pipe
runs are planned.

4. Consideration should be given to fire escalation if flamssse grass fires and these propagate.
Open areas should have hazards minimized to reduce escalation.

5. Stainless steel pipeline Injage 13)
construction is recommended for above
ground biogas piping as it has good
corrosion resistance and fire protection
properties. Australian Standard AS
4645.2:2008 Steel pipe systems provides
guidance for design and construction of
gas piping systems, hbtugh in the
context of higher gas pressures (up to
1,050 MAOP).

6. PVC and HDPE may be considered for
biogas piping, but generally it is required
to be underground as protection against
fire risk (from external fires). Australian Imagel3: Above ground stainless steel biogas p
Standard AS 4645.3:200&$Distribution
Network: Plastics pipe systems provides guidance for design and construction of gas piping
systems, although in the context of higher gas pressures (up to 700 kPa).

7. With plastic piping care is needed regarding the impact of high biogapdeatures. Under
Australian conditions, biogas temperatures may be higher than the permitted temperature
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