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PREAMBLE
This document has been prepared by Envirostream Australia Pty Ltd (EVS) following the receipt of a
Section 22(1) Notice to Supply Further Information dated 23-Dec-20 issued by the Environment
Protection Authority of Victoria.
This document has been authorised for public release.

1

PROCESSING

1.1

FLOWSHEET AND PROCESS DESCRIPTION

Question/Query#.1
: Provide further details regarding how battery processing is performed
including the technology and/or process involved in the sorting, separation, shredding and breakdown
of batteries as well as the waste and product streams that come out of this process.
Response:
Batteries are manually sorted into battery types and stored separately. Sorted end of life (EOL)
lithium-ion and alkaline batteries are further processed on site to produce saleable or separated
products. All other battery types are stored in inventory until sufficient volume is available to
support shipment to an authorised and approved downstream processor.
Sorted EOL lithium-ion batteries (LIB’s) are shredded, resulting in the separation of cathode and
anode active materials or mixed metal dust (MMD) from the battery packaging, separator and
current collector components. Shredded LIB material is collected in bulk-a-bags for intermediate
storage and subsequent processing. Dust and fumes generated in this circuit are collected and
treated via off-gas treatment system and then vented to atmosphere.
Shredded LIB material is further processed to separate MMD from battery packaging, separator and
current collector material. Separated MMD is stored in bulk-a-bags, ready for dispatch to customers.
Remaining shredded LIB material is processed to recover copper and aluminium current collectors at
an alternate EVS factory.
Process water is treated in the process water treatment plant with alkali and oxidising agents on a
batch basis. Minor quantities of solid wastes are generated from the water treatment process with
all treated water recycled for re-use in the factory.
Sorted EOL alkaline batteries are temporarily stored after sorting as shredding LIB’s takes priority. As
an opportunity arises, these batteries are shredded and sold as a separate by-product.
A number of products are produced during battery recycling operations and these are listed as
follows:
•
•
•
•
•
•

Lithium-ion battery mixed metal dust (solid);
Scrap Steel (solid);
Copper/aluminium/plastic (solid);
Lead acid batteries (solid);
Nickel cadmium batteries (solid);
Nickel metal hydride batteries (solid); and
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•

Alkaline battery mixed metal dust (solid) .

Several waste streams are produced during operation, with summarises of these streams outlined as
follows:
•
•
•
•

Unrecyclable plastic;
Process water treatment fluoride residue (solid);
Process water treatment phosphate residue (solid); and
General factory waste.

Question/Query#.2
: Provide further details regarding the four processing areas defined as:
Alkaline shredding and processing, LIBS Processing, CAP Processing and processing as defined in
appendix D ‘EVS Battery Recycling Material Flow Diagram’ (see red circles in figure 1 attached).
Response:
•

•

•

•

Alkaline battery processing:
o Alkaline batteries are processed by shredding;
o The shredded product is bagged for sale; and
o Off-gas is collected into the common factory scrubber for processing before
discharge to atmosphere;
LIB’s Processing:
o LIB’s are shredded which results in granules;
o Granules are processed to separate MMD from other battery components;
o Once separated MMD is recovered for sale as a product;
o Coarse material containing copper, aluminium, plastic and steel is processed to
recover the ferrous material;
o Remaining copper, aluminium and plastic material (CAP) is bagged ready for further
processing off site; and
o Waste products are limited to low quantities of solid residue produced from the
process water treatment plant;
CAP Processing:
o CAP product is processed at EVS’s Merri Concourse factory;
o Three products are generated from CAP processing:
 Mixed plastic product;
 Copper/aluminium product; and
 LIB’s MMD which is sent back to the Berwick Rd facility.
EV/ESS and Power Tools Dismantling Process:
o Incoming units are inspected and weighed and these are recorded in the in-house
inventory software;
o Units are deconstructed;
o Metallic components are recovered; and
o The battery cells are separated into different battery streams (mostly LIBs) and then
processed.
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Figure 1-1 EPA Vic referenced process flow

1.2

MASS BALANCE

Question/Query#.3
: Clarify the discrepancy between the input streams defined on page 7 of the
application and table 5-2 “Annualised input/output summary”, clarifying incoming waste materials,
descriptions and input streams.
Response:
•

•
•

•

•

Table 5-2 provides a maximum inventory summary by a Fire Risk rating assessed by EVS.
This table does not provide nor was it intended to be an “Annualised input/output
summary”;
Table 5-1 is the input/output summary and states “Incoming Goods” being 3,500 t/y;
Page 7 refers to the five-principal end of life batteries streams receipted by EVS, which
includes:
o Alkaline;
o Lithium-ion batteries;
o Nickel metal hydride batteries;
o Nickel cadmium batteries; and
o Lead acid batteries;
These five principal battery streams combine to make up the 3,500 t/y of “Incoming Goods”
shown in Table 5-2. As stated on page 7, these can arrive as both sorted and mixed parcels;
and
There is no discrepancy between Table 5-1 and the documented text on page 7.
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1.2.1 PROCESS DESCRIPTION
Question/Query#.4
: Provide further descriptions and detail surrounding incoming goods and
mixed battery sorting areas demonstrating how this process meets best practice as defined under EPA
Publication 1517.1 Demonstrating Best Practice. When providing this information please answer the
following questions:
Response:
•

•

•

•

•

Incoming goods and mixed battery sorting additional detail:
o Incoming goods are checked, receipted and weighed. Incoming goods details are
recorded as per requirements of AS/NZS 5377:2013; and
o Clean or pre-sorted batteries are placed into inventory for processing or sale;
How separation of the incoming streams is performed?
o Mixed batteries are sorted on custom designed equipment; and
o Separated batteries are collected by type and separately stored;
What materials are likely to become airborne in those areas?
o As batteries are collected from various sites under various conditions, there is a
possibility that general dirt and dust, cathode/anode materials and some fumes may
be present. However, workplace air assessments demonstrated these are not
present at detectable levels;
What controls are in place to minimize exposure and fire risks?
o Fire detection systems are in place across the factory and are monitored 24 hours a
day, 7 days a week by an external monitoring company;
o Sorting equipment design is customised to the requirements for mixed battery
sorting to avoid short circuit and any potential pinch points that could damage a
battery; and
o All essential fire mitigation equipment including fire hydrant, fire blanket, Class D
fire extinguishers and standard ABC fire extinguishers are placed near to the sorting
staff.
Other best practice considerations include:
o Environmental Consideration:
 As part of its Environmental Management, EVS has conducted a noise audit
and found the results to be acceptable. As part of its continuous
improvement program, EVS will review available technology for
improvement opportunities on an annual basis;
o Occupational Health & Safety Consideration:
 As part of its OH & S Management, EVS has conducted air quality and noise
level tests. As part of its continuous improvement program, EVS will review
available technology for improvement opportunities on an annual basis;
o Social Consideration:
 As part of its Social Management & Employment best practice, EVS employs
a number of disadvantaged employees, donates and participates in charity
activities as well as having a diverse cultural workplace environment; and
 All activities are carried out locally.
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Question/Query#.5
: The application mentions “following receipt and sorting, battery chemistry
types are stored separately and in discrete areas”. Please provide further details on the workflow, the
layout of the triage and storage areas to demonstrate this.
Response:
•

Work flows for incoming goods and sorting activities are shown pictorially on the site layout
below (Figure 1-2) and include the following major numbered stages which correspond to
the numbered solid arrows in this figure:
1) Incoming goods are delivered by van or truck;
2) Incoming goods are receipted, inspected, weighed and logged into a reporting
system;
3) Mixed batteries are either stored in inventory or taken directly to the mixed
battery storage area. Any “clean” or pre-sorted LIB’s or other batteries receipted
from customers are inspected and if approved moved from the incoming goods area
directly to the allocated inventory area for that battery type as shown on the site
plan;
4) Mixed batteries are sorted by type manually;
5) LIB’s are moved as required from the sorting area to the LIB storage area, in
preparation for processing as required;
6) Lead acid batteries are moved as required from the sorting area to the lead acid
battery storage area. Once a sufficient quantity of lead acid batteries is
accumulated these are sold to an authorised lead acid battery recycler;
7) Alkaline batteries are moved as required from the sorting area to the alkaline
battery storage area, in preparation for processing as required;
8) Nickel cadmium batteries are moved as required from the sorting area to the
nickel cadmium battery storage area. Once a sufficient quantity of nickel cadmium
batteries is accumulated these are exported to an authorised off shore nickel
cadmium battery recycler;
9) Nickel metal hydride batteries are moved as required from the sorting area to the
nickel cadmium battery storage area. Once a sufficient quantity of nickel cadmium
batteries is accumulated these are exported to an authorised off shore nickel
cadmium battery recycler; and
10. Lithium primary batteries are moved as required from the sorting area to the
nickel cadmium battery storage area. Once a sufficient quantity of lithium primary
batteries is accumulated these are shredded as per LIB’s processing.
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Figure 1-2 Ground floor plan

Question/Query#.6
: Demonstrate how the shredding process is considered best practice, as
defined under EPA Publication 1517.1 Demonstrating Best Practice.
Response:
Best practise assessment for the shredding process as per EPA Publication 1517.1 is summarised in
the table below:
Step 1 – Scope
• Industry sector or activity:
o Recycling of end of life (EOL) lithium-ion batteries (LIB’s);
• Parameters of this best practise assessment:
o Environmental segments and statutory policies this analysis is responding to:
• Segments:
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• Lithosphere; and
• Atmosphere;
• Policies:
• State Environmental Protection Policy (SEPP) Air Quality Management (AQM); and
• SEPP Prevention of Land Contamination;
• Site boundary, location or layout:
o EVS processes or recycles EOL LIB’s at 20 -22 Berwick Rd in Campbellfield Victoria (the site);
o At the site shredding reduces the size of EOL LIB’s as a part of an overall recycling process for these
batteries. To mitigate against fugitive emissions an off-gas treatment system is used to collect and
treat fume and dust released to the atmosphere during shredding. The off-gas treatment system
has a single atmospheric discharge point as shown below.

Figure 1-3 Stack output location plan

• The shredding, off-gas treatment system and atmospheric discharge point associated with the process
is the focus of this best practise assessment;
• Environmental risk assessments are presented in the Works Approval Submission and in Ektimo’s Air
Quality Assessment Report R009763;
• Processes or recycling activities excluded from this best practise assessment, include:
o Mixed battery sorting;
o Shredded LIB’s processing;
o CAP separation;
o Alkaline battery processing; and
o Process water treatment.
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Step 2 – Options Overview
• Option 1A – Do Nothing / Do Not Process EOL LIB’S
o The do-nothing option would be to cease EOL LIB’s processing in Victoria (or Australia). This will
lead to either the continued illegal disposal of EOL LIB into landfill or alternatively collection and
transport of EOL LIB’s for overseas processing. This option has a number of significant/fatal flaws,
including:
• Long term collection and storage of large quantities of EOL mixed and/or LIB resulting
in a significant fire risk. This was highlighted recently by a fire at a Campbellfield
Battery Recycling Facility in August 2020 (https://www.abc.net.au/news/2020-0809/fire-at-battery-recycling-factory-in-campbellfield/12538948);
• Overseas processing requires transport of EOL LIB’s by ship which bring along
significant risk associated with fire during these extended transport durations.
Overseas processing is also potentially completed in uncontrolled and unsafe
conditions;
• Australia has obligations under the Basel Convention (EOL LIB’s hazardous waste) and
needs to develop recycling options on shore for EOL LIB’s, rather than continuing the
historical trend of off loading responsibilities for waste disposal to other countries;
• The growth of LIB use in Australia is expand significantly with the uptake of electric
vehicles and battery use for power storage. This will lead to a wave of EOL LIB’s
requiring recycling, with an estimate of EOL batteries in Australia by the BSC (BSC Australian Battery Market Analysis 2020), shown graphically below;

Figure 1-4 EOL battery estimate - source BSC 2020

•

Clearly the do nothing or no recycling of EOL LIB’s in Australia is not an acceptable
option and EVS is developing solutions to process EOL batteries in order to support
development of solutions and a market for EOL mixed batteries in Australia.

• Option 2 – Re-use
o EVS provides a recycling service for EOL batteries and receives LIB’s in a varying range of quality or
condition. The picture following provides an indication of the wide range of battery chemistry and
conditions EOL batteries are received by EVS;
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Figure 1-5 Photograph of varying battery type

o
o

o

The range of battery quality and chemistry makes developing practical and economic re-use
markets challenging;
The management of EOL LIB’s to mitigate potential short circuiting or power flow risks impacts the
potential for EVS to develop re-use options for EOL LIB’s recovered from mixed battery feedstock;
and
Re-use maybe a future possibility for some of the EOL LIB’s received by EVS however this will be
assessed as an improvement opportunity. At this stage due to the condition and quality of EOL
LIB’s and the relatively low volumes of EOL batteries (non lead acid) available in Australia (See BSC
forecast above), this is not seen an applicable option in the short to medium term.

• Option 3 – Physical Processing/Recycling of EOL LIB’s
o De-construction of EOL LIB’s is required to remove stored energy and render them in a safe
condition for longer term storage and/or further processing. Although a large number of devices
could be used to de-construct EOL LIB’s, EVS has selected shredding to allow the cathode and
anode active powder to be liberated from plastic, aluminium and copper particles formed during
the shredding process. The initial shredding process is critical to the success of the overall
recycling process. EVS through extensive research and development has selected its current
flowsheet as:
• Do nothing is not a practical option with the forecast volume of EOL LIB’s and the risks
associated with long term storage and transport of these batteries. This is also not in
line with Australia’s commitments under the Basel Convention;
• Re-use is not a practical option for the range of chemistry and quality of EOL batteries
received by EVS;
• Physical de-construction of EOL LIB’s is an essential step to removing the risk of short
circuiting and electrical flow when these battery types are stored for extended periods
unprocessed; and
• Fumes and dust from the process can be contained and treated in an off-gas treatment
system, with environmental discharge shown to meet requirements for schedule
premises at ground level.
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Step 3 – Best Practice Analysis
• Literature Review and Benchmarking
o Processing of EOL LIB’s is a developing industry which is in its very early stages in Australia and the
developed world, that said there is a large amount of literature available in this field. For
simplicity this best practise analysis will reference a recent summary paper by Larouche et al.
“Progress and Status of Hydrometallurgical and Direct Recycling of Li-Ion Batteries and Beyond”
(Materials 2020). This paper provides a good summary of current recycling facilities and research
and development activities for LIB recycling;
o Larouche et al. presents a graphical summary of current LIB recycling methods, simplifying this
into three main streams as shown below:

Figure 1-6 Extract from Larouche et al Figure 3

o
o

The recycling process developed by EVS is a pre-cursor or pre-treatment stage and can provide LIB
MMD for feed into all three of the current recycling streams as documented by Larouche et al;
Current global recycling facilities or processes as summarised by Larouche et al. are shown in the
table below. This not consider a complete list, however a good summary of some current
operations and the process technology used;

Table 1-1 Extract from Larouche et al Table 3
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o

o

o

o
o

Pyrometallurgical processing is the most common processing option used for EOL LIB’s as shown in
the table above. This option typically recovers only Ni and Co (some Mn and Fe) with other
elements lost during the process. Pyrometallurgical processes also volatilise any fluorine present
from the binder (PVDF) and electrolyte (LiFP 6 ), which create challenges from an off-gas treatment
perspective;
Hydrometallurgical and direct recycling processes are in the very early stage of development. To
date only a small number of hydrometallurgical processes have been scaled up to a commercial
level and there are currently no commercial scale direct recycling processes in operation to EVS’s
knowledge;
Larouche et al. also presented options for pre-treatment of EOL LIB’s and these include (extract
from page 11 of Larouche et al.):
• Battery pack dismantling;
• Sorting by chemistry;
• Discharging;
• Crushing and shredding;
• Material separation;
• Electrolyte recovery;
• Binder separation;
• Thermal treatment; and
• Washing;
EVS’s proposal encompasses the majority of these steps including sorting, discharging, shredding
and material separation; and
Given current volumes of EOL LIB’s available for processing in Australia in the near term, the
recycling process developed by EVS is considered to be at least in line and potentially more
advanced than the best or current industry practise as summarised by the detailed and recent
paper presented by Larouche et al.
Step 4 –Best Practise Assessment

• De-construction of EOL LIB’s is an essential step to remove risks which can lead to fires during storage
of these batteries;
• Re-use options may exist in the future, however based on the current range and quality of EOL mixed
batteries received by EVS, this is currently not considered practical;
• The shredding process developed by EVS is based on a number of years of research and development.
This process safely and practically de-constructs EOL LIB’s and also produces components which can be
further separated into value-add products, including:
o Mixed cathode and anode powder also known as LIB MMD;
o Copper and aluminium;
o Metallic components; and
o Recovered plastic;
• EVS has developed a safe and practical process to recycle EOL LIB’s and implemented an off-gas
treatment system designed for dust and fume expected to be generated from the process;
• As available volumes of EOL LIB’s increase in Australia and support the required economies of scale for
an economic development, EVS will assess options to further process physically separated products
into mixed compounds or battery grade chemical feed stocks, with early stages of research and
development already completed in this area; and
• Based on the analysis completed, the shredding process developed by EVS is considered best practise
for the de-construction of EOL LIB’s, with further development and processing expected as volumes of
EOL LIB’s continue to increase in the future.
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1.3

COMPLIANCE WITH STANDARDS

Question/Query#.7
: Demonstrate how collection and sorting is compliant with Australian AS/NZS
5377:2013 (Collection, Storage, Transport and Treatment of End-of-Life Electrical and Electronic
Equipment, 2013) and how it meets EU Directives (Consolidated Text: Directive 2012/19/EU of the
European Parliament and of the Council of 4 July 2012 on Waste Electrical and Electronic Equipment
(WEEE), 2012).
Response:
•

The table below summarises and demonstrates how EVS’s collection and sorting is in
compliance with relevant sections and requirements of AS/NZS 5377:2013.

Section
Title
Demonstrated Compliance
Section 1 - Organisational Requirements
1.6.1 General
EVS is ISO 9001:2015, AS/NZS 4801:2001, ISO 45001:2018 and ISO
14001:2015 compliant and regularly undergoes reviews and
updates of systems.
1.6.2 Licensing
EVS is progressing Local Council (Hume) and EPA approvals
required to support processing capacities of greater than 500 t/y
of prescribed e-waste. These approvals are expected to be in place
by early March 2021.
1.6.3 Risk assessment
EVS has in place an active risk register with assigned
and management
accountabilities and responsibilities. This register is updated and
reviewed at least annually to ensure this is in line with business
activities and any regulatory changes.
1.6.4 Emergency
EVS has in place an Emergency Management Plan. This specifies
Response
actions for emergency situations such as fires, pollution releases or
natural disasters, as per requirements of 1.6.4.
1.6.5 Training
EVS completes and tracks a record of personnel training and
documents records of the training conducted and competency
achieved.
1.7
Records
EVS tracks all incoming goods, sorting and processing outputs as
Management
per the requirements of 1.7 and 5.3 and requirements of the EPA
Act 1970, Waste Management Policy (e-waste).
1.9
Disposal to Landfill Only authorised landfill disposal service providers are used, and
records waste disposed to landfill. This is in compliance with
Section 1.9.
Section 2 – Requirements for Collection and Storage Facilities
2.2
Access
EVS does not receive deliveries from the general public.
2.3
2.4.1

Signage
Storage - General
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The factory displays appropriate signage to alert operational staff
and visitors of the risks and requirements for each area of the
factory. General public access is not permitted in the factory.
Incoming EOL batteries received at the factory are inspected and
weighed, prior to storage or processing. All storage is under cover
and inside the factory, which is locked with monitored security
after operating hours .
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2.4.2

Storage – Facilities

The factory is fully bunded concrete floor, with battery types
stored separately and undercover inside the factory. Recycling
related processing and sorting activities are all completed within
the factory boundary/secondary bunded area and not external to
the factory or on permeable surfaces.
This is in-line with requirements for storage facilities to have
impermeable surfaces, weatherproof coverings and have
measures to prevent potentially hazardous material entering
stormwater drainage.
2.4.3 Consolidation and EVS collects EOL batteries using specialised containers only. EVS
sorting facilities
works with customers to reduce the potential for contamination
from other waste types.
2.4.4 Requirements for
EVS actively manages the risk associated with storage of EOL
(a)
handling and
batteries at the factory by applying the following:
storing of end-of• Storing all batteries under cover only, within the extent of
life and electronic
the secured and fully bunded factory;
equipment
• Placing sorted LIB’s directly into water;
• Sorted batteries are stored by type away from sources of
heat and ignition;
• Minimising the inventory of sorted EOL LIB’s by
progressively shredding these batteries to remove the risk
associated with short circuiting or current flows;
• Providing appropriate fire detection, monitoring and
suppression;
• Nickel cadmium and nickel metal hydride batteries are
packed with vermiculite in storage drums to reduce the
chance for movement during storage or transport as per
ADG 7.7; and
• All electronic equipment that’s not processed by EVS is
placed into appropriate containers for road transport to
downstream processors.
Section 3 – Recovery and Re-Use from End-of-Life Electrical and Electronic Equipment – Not
Applicable
Section 4 – Requirements for Transport
4.2

Objectives of
Transporting Endof-Life Electrical
and Electronic
Equipment
General Transport
Requirements

4.3
4.4

Domestic
Transportation
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EVS uses only authorised transportation contractors. These
operators are familiar with the requirements of spent battery and
EOL electronic equipment.
The following is specified to external customers for packing and
safe storage of batteries being shipped to EVS:
1. Cells and batteries must be packed to prevent short
circuits. e.g. tape, wrap on terminals unless battery has
recessed terminals;
2. Cells and batteries must be secured within the outer
packaging to prevent excessive movement during
transport. Packing with fire retardant filler is best;
3. Batteries are to be stored and handled as per below list;
• Store batteries under cover only and out of adverse
weather conditions;
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•
•

Store batteries securely to prevent possible theft,
tampering or damage; and
Store batteries away from sources of heat and ignition.

EVS continually reviews national transport commission guidelines
https://www.ntc.gov.au/
EVS is also a member of multiple battery working groups and
associations which are the peak bodies for up-to-date information
and guidelines for best practice on battery handling.
https://batteryrecycling.org.au/resource-types/guidelines/
Transport is scheduled, in line with the stock levels both internally
and with customers, in order to minimise inventory levels and the
number of transport movements.
Records are kept for all incoming goods and internal movements
for reporting and tracing of material receipted. This aids EVS to
report back to suppliers of any poorly packed/ non-conforming
batteries.
Section 5 – Requirements for the Treatment of End-of-Life Electrical and Electronic Equipment
5.2

Processing and
Handling

•
•
•
•

5.3

Traceability

5.4

Recycling and
Recovery Record
Management
Table 1 Minimum
Acceptable
Processing, End of
Life Electrical and
Method for EndOf-Life Electronic
Equipment
•

See 1.7

The factory dust collection and fume scrubbing system, is
engineered for the expected duty;
Operating procedures are in place;
The factory is fitted with fire detection systems and
suppression equipment is provided as shown on the
factory plot plan; and
Facility secondary containment bunding has been provided
to mitigate environmental discharge risks identified in the
risk assessment.

As with Clause 1.7, EVS tracks all incoming goods, sorting and
processing outputs.
Physical collection, sorting and LIB and alkaline de-construction
process is in-line with Table 1 Minimum acceptable requirements
for batteries.

The EU directive referenced is an extensive document, which is not solely focussed on the
recycling of EOL mixed batteries. It would be useful if the reviewer could provide references
to the specific sections/articles of EU Directives (Consolidated Text: Directive 2012/19/EU of
the European Parliament and of the Council of 04-Jul-12 on Waste Electrical and Electronic
Equipment (WEEE), 2012). However, the table below summarises the company’s
compliance with relevant sections of the EU directive on Directive 2012/19/EU of the
European Parliament and of the Council of 4 July 2012 on Waste Electrical and Electronic
Equipment (WEEE), 2012.
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Article
(17)
Article 7

Title
Application of best
available recycling
techniques
Collection Rate
minimum target 45%
from 2016

•
•

•

Article 8

Proper Treatment

•

Article
11

Recovery Targets

•

Demonstrated Compliance
As demonstrated in the EPA Publication 1517.1 best
practise response, in the field of battery recycling.
EVS provides a battery recycling service to support
processing of EOL batteries from WEEE and direct
EOL battery collection. Currently EVS is one of a very
limited number of mixed battery recyclers in
Australia; and
Without this service EOL batteries from WEEE
collected in Australia will be shipped overseas
increasing the risk of environmental impacts or fire
during transportation.
EVS removes and treats all fluids from processed
LIB’s as per Article 8 clause 2 requirements.
EVS tracks, records and reports recovery of each
battery type processed as per the requirements of
Article 11. This supports reporting of recovery
targets as per the requirement of Article 11.

Question/Query#.8
: Provide details on how the proposal adopts recommendations as defined in
ANZRP white paper on Review of the product stewardship act and national TV and computer recycling
scheme.
Response:
•

The table below summarises how the company’s proposal adopts the key recommendations
from the ANZRP White Paper “Review of the Product Stewardship Act and National
Television and Computer Recycling Scheme” (17 August 2017).

ANZRP White Paper Key Recommendation
The e-waste reuse volume is to be reported
under the Scheme (captured by tariff code). The
Scheme Target is to be adjusted by this volume
and a reuse target is to be developed. An agreed
standard for preparing e-waste for re-use must
also be adopted.
Scaling factors are to be updated to reflect ABS eproduct export data.
Conversion factors are to be reviewed and
released annually and where applicable tariff
codes are to be converted to weight-based
codes.
The staged increase in the Scheme Target are to
be reviewed and updated (using accurate
estimates of future waste arising) by 1 July 2018.
Long Route Licence Application –
Supplementary Information
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ANZRP White Paper Key Recommendation
A Federally lead education and awareness
campaign on the Scheme and benefits of product
stewardship be implemented with participation
by Co-regulatory Arrangements and State and
Territory and Local Government.
Local councils who have not partnered with a Coregulatory Arrangement should be encouraged
and supported to offer and e-waste collection
point to their residents.
Retailers of e-products should be required to
offer drop-off points to small used e-products
and provide information about the Scheme at the
point of sale.

Auditing and enforcement by Regulation be
conducted to ensure compliant practises by all
Scheme stakeholders both in Australia and
downstream facilities that are offshore.

The Scheme to be expanded to include small
household items that are compatible with
current collection and recycling methods and do
not pose a safety hazard. Separate targets for
each new product category will also be required.
Recyclers, collection sites and transport
companies to be certified to/meet requirements
of AS/NZ 5377:2013 Collection, storage, transport
and treatment of end of life electrical and
electronic equipment (with certification
performed by accredited JAS-ANZ auditors).

EVS Proposal
Not applicable. However, EVS is an active
member of the BSC (Battery Stewardship
Council) and ABRI (Australia Battery Recycling
Initiative) to promote development of a EOL
mixed battery recycling industry in Australia.
Not applicable to EVS’s proposal.

A number of EVS’s customers (for example
Office Works and Bunnings) are retailers of eproducts and EVS supports the collection of
EOL mixed batteries. This proposal allows
EVS to support growth of collection networks
with our existing and potentially new
customers, to support Retailers in meeting
this White Paper recommendation.
As a part of ISO and AS/NZ5377 compliance
EVS completes regular audits for both
compliance and continuous improvement.
EVS has demonstrated its downstream
offshore processors capabilities in order to
gain export licences from the Federal
Government. Audits of preferred
downstream processors will commence once
quantities of products exported increases.
Not applicable to EVS’s proposal.

Shown above EVS has demonstrated
compliance with AS/NZ5377:2013 and
completes regular certification audits by
accredited JAS-ANZ auditors. EVS’s Merri
Concourse site is accredited for AS/NZ
5377:2013 and this will be extended to the
Berwick Rd site during the next audit cycle
scheduled in October 2021 with Compass
Assurance.
Co-regulatory Agreements to require recyclers to EVS records and tracks all incoming goods,
transparently report material recovery levels (and internal movements and product streams.
have supporting evidence) and perform
This allows the reporting of recovery rates for
downstream vendor audits.
internal and external purposes as required
and as per the response to Section 1.7 of
AS/NZ5377:2013 above.
Non-Scheme recyclers and landfill operators be
Not applicable to EVS’s proposal.
required to report under the Scheme the volume
of e-waste that they treat/receive.
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ANZRP White Paper Key Recommendation
An overarching product stewardship program to
be created with sub-categories as opposed to
separate programs, with each sub category being
accountable for achieving a recycling target.

2

RISK MANAGEMENT

2.1

DANGEROUS GOODS

EVS Proposal
Not applicable to EVS’s proposal.

Question/Query#.9
: Demonstrate how chemicals including lime, sodium phosphate, sodium
hydroxide and hydrogen peroxide will be separated, the emergency management controls in place and
the expected inventories.
Response:
•

•

•

•

Hydrated lime and sodium phosphate are not classified as dangerous goods according to
Australian Standards. They are stored on racks separate from all the other chemicals and
batteries;
Sodium hydroxide is classified as a Class 8 corrosive substance. Separate cabinets are in
place to hold the alkali and is kept out from the factory floor (Figure 2-2). The total
maximum inventory is expected to be approximately 100 kg;
Hydrogen peroxide is classified as a Class 5.1 strong oxidising substance. Separate cabinets
are put in place to hold the oxidising agent (Figure 2-1). The total maximum inventory is
expected to be approximately 100 L; and
Emergency management controls for these listed reagents include the following:
o Emergency preparedness, emergency response and spill control detailed in the
Emergency Management Plan;
o Emergency Management Control – Water Treatment Plant operating procedure that
outlines specific reagent handling requirements; and
o Training in the handling, storage and transport of dangerous goods.
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Figure 2-1 Hydrogen peroxide storage cabinet

Figure 2-2 Sodium hydroxide storage cabinet

Question/Query#.10
: Demonstrate how items particularly in “table 5-2 Maximum quantity of
goods stored (kg)” are classified as hazardous substances (or non-hazardous) and/or dangerous goods.
These terms should not be used indiscriminately. Please see the below links regarding differentiation
these two terms on the links below:
Response:
•

•

•

•

Table 5-2 records the maximum quantity of incoming goods, intermediate products and final
recycled products stored at the factory at any time. Using the Australian Code for the
Transport of Dangerous Goods by Road & Rail Edition 7.7, 2020:
o Incoming lithium ion batteries are classified as Class 9 - miscellaneous dangerous
substance and articles and includes UN codes 3090, 3091, 3480, 3481 and 3536. In
accordance with this classification, LIB’s, Li metal batteries and mixed batteries
(which are a combination of alkaline and LIB’s) are considered as dangerous goods
and treated as such;
o NiMH are classified as Class 9 - miscellaneous dangerous substance and articles and
includes UN codes 3496 and treated as such;
o Lead acid batteries, although not processed at the factory, are also Class 8
dangerous goods and also treated as such when handled at the premises; and
o NiCd batteries are classified as wet filled with alkali, a Class 8 dangerous good UN
code 2795 and treated as such when handled at the premises;
In accordance with the definitions in the dangerous goods regulations, alkaline batteries (dry
cell) are not considered a dangerous good, they are also classified as non-hazardous and do
not have an allocated UN code;
LIB MMD and LIB granules have been incorrectly listed on Table 5-2 as non-hazardous. They
are classified at EVS as hazardous but are not dangerous goods and are unregulated for
transport. A MSDS has been prepared for this stream; and
The products of recycling; copper, aluminium, plastic granules and steel granules are not
considered dangerous goods under the definition.
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Question/Query#.11
: Provide calculations of the bunding capacity in accordance with EPA
publication 1698 (Liquid Storage and Handling Guidelines, 2018).
Response:
•

2.2

The total primary containment inside the factory building has been calculated at 61.2 m3.
This is based on recently installed bunding 100 mm in height, entry drive over bund of 50
mm in height and the building perimeter dimensions.

FIREWATER RUN-OFF

Question/Query#.12
: Demonstrate that the capacity of your secondary containment system will be
sufficient for the anticipated quantity of runoff firewater from potential fires. If your current secondary
system will not be sufficient please indicate an appropriate secondary containment system you will
install and the date in which it will be installed.
Response:
•
•
•
•

•

Primary bunding on the perimeter of the factory building provides ~61 m3 inside the factory;
Firewater run-off will be collected in the primary containment with a secondary containment
area as a backup which allows a further volume of 61.2 m3 to be stored;
A shut off valve will be provided to block firewater within the secondary containment in the
case of a fire scenario (either “small” or “large”);
A specialised contactor will be utilised to provide support for a “large fire” event and
progressively reclaim firewater from the intercepting pit and/or use booms or other
methods as discussed in FRV Guideline 12 and Firewater Run-off Plan; and
Installation of the secondary containment system is predicated on approval of the concept
by EPA Victoria.

Question/Query#.13
Question/query: Demonstrate how the fire protection systems available at the
premises are in accordance with FRV Publication Management and Storage of Combustible Recyclable
and Waste Materials – Indoor Storage Guideline, Publication Version 1 April 2020 and Australian
Standard AS 2419.1 Fire hydrant installations System design, installation and commissioning.
Response:
•

FRV publication on fire protection guidelines note the following:
o Fire detection and alarm systems: “Due to the hazards associated with the storing
and processing of CRWM within buildings, a smoke and/or heat detection and alarm
system, that is fit for purpose, should be installed within any building that stores or
processes CRWM. An installed smoke detection system must be connected to the
relevant fire authority to enable early notification of an incident on site.” The factory
has heat and smoke detection that is linked to a monitoring station;
o Fire Protection: if combustibles area stored in an area greater than 500 m2, the
guideline recommends three hydrants. The factory has three hydrants positioned in
this floor space and is deemed to comply with this requirement; and
o Automatic Fire Sprinklers: combustible recycled materials are contained in a
sectioned floor area of 595 m2 separated by a floor to ceiling concrete wall. In this
instance, automatic sprinklers will not be required;
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•

•

An independent firefighting annual inspection report was conducted at the premise on 26Mar-20 with inspection and testing conducted in accordance with the relevant sections of
AS1851:2012 and AS2419.1:2005 and AS2419-17. Specifically, the pressure/flow tests on the
single fire hydrant recorded a pass; and
An independent fire protection system inspection was conducted on 25-Nov-20, with testing
conducted on all fire protection assets in accordance with AS1851:2012.

Question/Query#.14
Question/query: Clarify the discrepancy between appendix C ‘Site Layout
Plan” and the premises map within the Emergency Management plan particularly the inventory of fire
fighting equipment (hose and reels, and extinguishes (including their type eg- class D)) and their
associated locations.
Response:
•

The Emergency Management Plan site layout drawing (section 2.2 Site Layout) has been
revised from the earlier version that was included in the application.

Question/Query#.15
: Provide a drainage plan of the premises detailing any applicable
interconnections, runoff collection catchments, flow paths, treatment and retention ponds/tanks, and
discharge points from the premises via the premises stormwater system and overland to the
environment.
Response:
•

Stormwater is not contaminated with waste from battery recycling activities and is collected
and discharged into the stormwater collection system in accordance with the original
building approval as shown in Figure 2-3 following.
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Figure 2-3 Current factory plan showing original stormwater details
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•

All battery recycling activities are completed undercover inside the factory and the internals
of the factory will be fully bunded as shown in the original works approval application, see
Figure 2-3. This will provide ~61 m3 of storage inside the factory, which is significantly more
than 120% with the largest in process storage tank being ~2 m3.

Figure 2-4 Ground floor plan - proposed bunding

•

Floor to wall sealing is now complete and drive over bunding will be installed during January
2021
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3

NOISE

Question/Query#.16
: If the premises anticipates to operate outside of day time periods specified
in SEPP N-1 please supply an assessment for noise limits for evening and night periods demonstrating
compliance will be met with SEPP N-1.
Response: The factory will be operated during daytime periods only, finishing at 1600h. The long
route licence application should be changed to reflect this condition.

4

AIR

Question/Query#.17
: Provide details showing which stack outputs are in use and where they are
located on the premises. If other stacks are not in use, please identify them and describe how they are
blocked.
Response:
•

There is only one stack output or off-gas discharge point from the recycling process. This is
from the combined collector and packed tower scrubber. As shown on the site plot plan
below;

Stack Output
Location

Figure 4-1 Ground floor plan - stack location
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•

There are existing powered roof vents for the factory and were installed as a part of the
original building construction. These are not use to collect or process fumes or gases
generated in the battery recycling process, but used for factory ventilation only.

Question/Query#.18
: Provide details on the current scrubber exhaust stack height and whether it
has been extended to 10 metres above ground level as described in the application. If this has not yet
occurred, please specify a date by which this work will be completed.
Response:
•

The current stack exhaust stack is 10 m high (above ground level) to align with stack
dispersion modelling as shown in the GA below (Figure 4-2) and recent photograph (Figure
4-3) from the factory. No additional exhaust stacks are installed at the factory.

Figure 4-2 Scrubber general arrangement

Figure 4-3 Scrubber general photograph

Question/Query#.19
: Provide stack test on the scrubber exhaust demonstrating that scrubber is
now repaired and operating efficiently and that levels of sulfuric acid and VOCs , are now within limits
described in regulation 10 Air of the Environment Protection (Scheduled Premises) Regulations 2017.
Response:
•

The recycling process off-gas was re-tested for sulfuric acid by Ektimo on 07-Oct-20. Results
from this testing as attached in Appendix A. Table 4-1 below summarises results from both
testing activities. These results were used for air dispersion modelling.
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Date of Test

Pollutant

Units

Inlet to baghouse

Scrubber exhaust

5/08/20

Sulfuric acid

mg/m3

2.3

2.5

7/10/20

Sulfuric acid (not blank adjusted)

mg/m3

0.13

0.09

Table 4-1 Sulfuric acid test results

•

•
•

This test result shows a significant reduction in sulfuric acid concentration in the scrubber
inlet and exhaust streams to levels which will now meet Environment Protection (Scheduled
Premises) Regulations 2017 for sulfuric acid;
VOC’s were not re-tested during the re-testing of sulfuric acid, however the licence
discharge limits requested for VOC’s are very low; and
EVS proposes to progress with the licence limits proposed in the Works Approval
documentation with testing initially twice annually to generate data on the ranges of off-gas
composition formed and support continuous improvement opportunities for off-gas
scrubbing. This includes assessing improvements for VOC scrubbing or treatment based on
the range of compounds present.

Question/Query#.20
: Provide further information regarding the extraction system including how it
relates to the three processes (mechanical shredding, bagging and loading) and whether these systems
are enclosed.
Response:
•
•

•

The factory has a common off-gas/dust collection system which is ducted to a number of the
recycling process units;
Process stages which have potential to generate fume and off-gas are enclosed and these
include:
o LIB shredding; and
o Alkaline battery shredding;
Process stages that have an off-gas/dust collection system connection to mitigate dust or
fugitive emissions include:
o Battery sorting;
o Shredded LIB’s processing; and
o Process water treatment;

Question/Query#.21
: Provide information on how the business ensures roller doors are partially
kept closed in accordance with the application to reduce fugitive emissions as recent inspections and
street view imagery have demonstrated this is not the case.
Response:
•

Facility doors are kept closed to mitigate fugitive emissions during operation of the recycling
process. Facility doors are opened during planned maintenance periods/extended
shutdowns or to receive deliveries from larger trucks to facilitate these activities. The street
view imagery referenced may have been taken during one of these events. To prevent a
reoccurrence, this requirement has been reinforced, with the factory management team
and operating procedures updated to suit. Additionally, the requirement to keep roller doors
partially closed will continue to be tabled at toolbox meetings.
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Appendix A

Ektimo Emission Test Report
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1
1.1

EXECUTIVE SUMMARY
Background

Ektimo was engaged by Envirostream to perform emission testing at their Campbellfield facility.
The purpose of this testing is to compare the emission levels with limits in Victorian Government policy. Given
there are no licence limits specifically prescribed to this current plant operation, comparisons have been made
firstly to relevant limits in the Environment Protection (Scheduled Premises) Regulations 2017, and secondly, with
the dilution required from discharge point to ground level to comply with the design concentration criteria
scheduled in the State Environment Protection Policy for Air Quality Management of 2001 (SEPP-AQM).

1.2

Project Objectives

The objective of the project was to conduct a testing programme to quantify emissions of sulfuric acid from the
Scrubber Exhaust, to collate data for comparison against the limits prescribed in the above policies.
Monitoring was performed as follows:
Location

Test Date

Test Parameters*

7 October 2020

Sulfuric acid (H2SO4)

Baghouse Inlet
Scrubber Exhaust
* Flow rate, velocity, temperature, and moisture were also determined.

All results are reported on a dry basis at STP.
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1.3

Results Summary

Mass Emission Rates
Mass emission rates may be compared with the limits prescribed in the Environment Protection (Scheduled
Premises) Regulations 2017 document. These limits are relevant to all non-licenced discharge points other than
afterburners or incinerators. The following comparison table shows that sulfuric acid is within the prescribed limit
as per the regulation.

Pollutant
Units

Class 2 Indicators

Sulfuric acid

Schedule Premises Emission Limits

Scrubber exhaust Mass
emission rate

kg/day

g/min

g/min

-

0.1

<0.02

Ground Level Concentrations
An additional test for compliance is with the maximum ground level concentration that would occur because of
emissions to air of sulfuric acid from the stack source. Schedule A of the SEPP-AQM lists design criteria based on a
1-hour average for sulfuric acid.
Compliance with maximum ground level concentrations is normally assessed via dispersion modelling, however as
an initial screening assessment, the tested in-stack concentration for sulfuric acid has been compared against the
relevant scheduled ground level concentration limits. The typical dilution of a vent stack emission to air at a height
>10m to ground level would be more than 100 times, excluding the contribution of existing background
concentrations. Ektimo understand that Envirostream are to extend the scrubber exhaust stack to 10 metres
above ground level. The required number of dilutions to achieve the ground level concentration criteria limit is
also tabled. A dilution of only 2.1 is required to meet the scheduled ground level concentration criteria. Note this
is also based on a less than detect value of 0.07mg/m3.

Class 2 Indicators

Pollutant

SEPP Ground Level
Concentration Limits

Scrubber exhaust
concentration

Units

mg/m3

mg/m3

Dilutions*

0.033

<0.07

2.1

Sulfuric acid

* Number of dilutions required for emission concentration to drop below the SEPP Ground Level Concentration.
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2

RESULTS

2.1

Baghouse Inlet

Date
Report
Licence No.
Ektimo Staff
Process Conditions

7/10/2020
R009887
Ben Minchinton
Please refer to client records.

space
space
Sampling Plane Details

space

space

Envirostream
Baghouse Inlet
Campbellfield
VIC

space

space

space

space

space

space

space

space

space

200928

space

Sampling plane dimensions
Sampling plane area
Sampling port size, number & depth
Access & height of ports
Duct orientation & shape
Downstream disturbance
Upstream disturbance
No. traverses & points sampled
Sample plane compliance to AS4323.1 & EPA Pub. 440.1

Client
Stack ID
Location
State

space

675 mm
0.358 m²
4" BSP (x2), 50 mm
Elevated work platform 6 m
Vertical Circular
Bend 4 D
Bend 4 D
2 12
Compliant but non-ideal

space

space

space

The sampling plane is deemed to be non-ideal due to the following reasons:
The sampling plane is too near to the upstream disturbance but is greater than or equal to 2D

Stack Parameters
Moisture content, %v/v
Gas molecular weight, g/g mole
Gas density at STP, kg/m³

1.4
28.8 (wet)
1.29 (wet)

29.0 (dry)
1.29 (dry)

Gas Flow Parameters
Flow measurement time(s) (hhmm)
Temperature, °C
Velocity at sampling plane, m/s
Volumetric flow rate, actual, m³/min
Volumetric flow rate (wet STP), m³/min
Volumetric flow rate (dry STP), m³/min
Mass flow rate (wet basis), kg/hour
space
space

space

1035
16
15
310
290
280
22000
space

space

space

Isokinetic Results

Results
Sampling time

Sulfuric acid
Isokinetic Sampling Parameters
Sampling time, min
Isokinetic rate, %

1043-1145
Concentration

Mass Rate

mg/m³

g/mi n

<0.08

<0.02

60
102
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2.2

Scrubber Exhaust

Date
Report
Licence No.
Ektimo Staff
Process Conditions

7/10/2020
R009887
Ben Minchinton
Please refer to client records.

space
space
Sampling Plane Details

space
Comments

space

Envirostream
Scrubber Exhaust
Campbellfield
VIC

space

space

space

space

space

space

space

space

space

200928

space

Sampling plane dimensions
Sampling plane area
Sampling port size, number & depth
Access & height of ports
Duct orientation & shape
Downstream disturbance
Upstream disturbance
No. traverses & points sampled
Sample plane compliance to AS4323.1 & EPA Pub. 440.1

Client
Stack ID
Location
State

space

675 mm
0.358 m²
4" BSP (x2), 50 mm
Step ladder 3 m
Horizontal Circular
Exit 6 D
Change in diameter 4 D
2 12
Compliant but non-ideal

space

space

space

The discharge is assumed to be composed of dry air and moisture
The sampling plane is deemed to be non-ideal due to the following reasons:
The sampling plane is too near to the upstream disturbance but is greater than or equal to 2D

Stack Parameters
Moisture content, %v/v
Gas molecular weight, g/g mole
Gas density at STP, kg/m³

1.4
28.8 (wet)
1.29 (wet)

29.0 (dry)
1.29 (dry)

Gas Flow Parameters
Flow measurement time(s) (hhmm)
Temperature, °C
Velocity at sampling plane, m/s
Volumetric flow rate, actual, m³/min
Volumetric flow rate (wet STP), m³/min
Volumetric flow rate (dry STP), m³/min
Mass flow rate (wet basis), kg/hour
space
space

space

0955
15
15
320
300
300
23000
space

space

space

Isokinetic Results

Results
Sampling time

Sulfuric acid
Isokinetic Sampling Parameters
Sampling time, min
Isokinetic rate, %

1040-1142
Concentration

Mass Rate

mg/m³

g/mi n

<0.07

<0.02

60
110
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3

PLANT OPERATING CONDITIONS

See Envirostream records for complete process conditions.

4

TEST METHODS

All sampling and analysis performed by Ektimo unless otherwise specified. Specific details of the methods are
available upon request.
Parameter

Sample plane criteria

Sampling Method

Sulfuric acid

Uncertainty*

NATA Accredited
Sampling

Analysis
NA

AS 4323.1

NA

NA

✓

NA

ISO 10780

8%, 2%, 7%

NA

✓

Ektimo 050

Ektimo 050

not specified

✓

✓

Vic EPA 3142

Ektimo 235

25%



†

Flow rate, temperature and velocity
Moisture (stacks <60°C)

Analysis Method

200708

* Uncertainty values cited in this table are calculated at the 95% confidence level (coverage factor = 2)
†
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Analysis conducted at the Ektimo Mitcham, VIC laboratory, NATA accreditation number 14601.
Results were reported on 16 October 2020 in report number R009887-SOx.

DEVIATIONS FROM TEST METHODS

Sulfuric acid - Victorian EPA Method 3142
Victorian EPA Method 3142 is designed to capture hydrofluoric acid in stack emission gases. The sampling train
consists of glass impingers containing deionised water to collect the fluoride for analysis. For the purposes of this
sampling the method has been adopted to similarly capture the sulfuric acid fraction. The analysis method was
also adapted to include sulfuric acid.
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QUALITY ASSURANCE/QUALITY CONTROL INFORMATION

Ektimo is accredited by the National Association of Testing Authorities (NATA) for the sampling and analysis of air
pollutants from industrial sources. Unless otherwise stated test methods used are accredited with the National
Association of Testing Authorities. For full details, search for Ektimo at NATA’s website www.nata.com.au.
Ektimo is accredited by NATA (National Association of Testing Authorities) to ISO/IEC 17025 - Testing. ISO/IEC
17025 - Testing requires that a laboratory have adequate equipment to perform the testing, as well as laboratory
personnel with the competence to perform the testing. This quality assurance system is administered and
maintained by the Quality Director.
NATA is a member of APLAC (Asia Pacific Laboratory Accreditation Co-operation) and of ILAC (International
Laboratory Accreditation Co-operation). Through the mutual recognition arrangements with both of these
organisations, NATA accreditation is recognised worldwide.

Reference: R009887
Date: 6/01/2021
Prepared for: Envirostream
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DEFINITIONS

The following symbols and abbreviations may be used in this test report:
% v/v
~
<
>
≥
APHA
AS
BSP
CARB
CEM
CEMS
CTM
D
D50

DECC
Disturbance

DWER
DEHP
EPA
FTIR
ISC
ISO
Lower Bound
Medium Bound
NA
NATA
NIOSH
NT
OM
OU
PM10
PM2.5
PSA
RATA
Semi-quantified VOCs

STP
TM
TOC
USEPA
VDI
Velocity Difference
Vic EPA
VOC

XRD
Upper Bound
95% confidence interval

Volume to volume ratio, dry or wet basis
Approximately
Less than
Greater than
Greater than or equal to
American public health association, Standard Methods for the Examination of Water and Waste Water
Australian Standard
British standard pipe
Californian Air Resources Board
Continuous Emission Monitoring
Continuous Emission Monitoring System
Conditional test method
Duct diameter or equivalent duct diameter for rectangular ducts
‘Cut size’ of a cyclone defined as the particle diameter at which the cyclone achieves a 50% collection efficiency ie.
half of the particles are retained by the cyclone and half are not and pass through it to the next stage. The D 50
method simplifies the capture efficiency distribution by assuming that a given cyclone stage captures all of the
particles with a diameter equal to or greater than the D50 of that cyclone and less than the D50 of the preceding
cyclone.
Department of Environment & Climate Change (NSW)
A flow obstruction or instability in the direction of the flow which may impede accurate flow determination. This
includes centrifugal fans, axial fans, partially closed or closed dampers, louvres, bends, connections, junctions,
direction changes or changes in pipe diameter.
Department of Water and Environmental Regulation (WA)
Department of Environment and Heritage Protection (QLD)
Environment Protection Authority
Fourier Transform Infra-red
Intersociety committee, Methods of Air Sampling and Analysis
International Organisation for Standardisation
Defines values reported below detection as equal to zero.
Defines values reported below detection are equal to half the detection limit.
Not applicable
National Association of Testing Authorities
National Institute of Occupational Safety and Health
Not tested or results not required
Other approved method
The number of odour units per unit of volume. The numerical value of the odour concentration is equal to the
number of dilutions to arrive at the odour threshold (50% panel response).
Atmospheric suspended particulate matter having an equivalent aerodynamic diameter of less than approximately
10 microns (µm).
Atmospheric suspended particulate matter having an equivalent aerodynamic diameter of less than approximately
2.5 microns (µm).
Particle size analysis
Relative Accuracy Test Audit
Unknown VOCs (those not matching a standard compound), are identified by matching the mass spectrum of the
chromatographic peak to the NIST Standard Reference Database (version 14.0), with a match quality exceeding
70%. An estimated concentration will be determined by matching the integrated area of the peak with the nearest
suitable compound in the analytical calibration standard mixture.
Standard temperature and pressure. Gas volumes and concentrations are expressed on a dry basis at 0°C, at
discharge oxygen concentration and an absolute pressure of 101.325 kPa, unless otherwise specified.
Test Method
The sum of all compounds of carbon which contain at least one carbon to carbon bond, plus methane and its
derivatives.
United States Environmental Protection Agency
Verein Deutscher Ingenieure (Association of German Engineers)
The percentage difference between the average of initial flows and after flows.
Victorian Environment Protection Authority
Any chemical compound based on carbon with a vapour pressure of at least 0.010 kPa at 25°C or having a
corresponding volatility under the particular conditions of use. These compounds may contain oxygen, nitrogen,
and other elements, but specifically excluded are carbon monoxide, carbon dioxide, carbonic acid, metallic
carbides, and carbonate salts.
X-ray Diffractometry
Defines values reported below detection are equal to the detection limit.
Range of values that contains the true result with 95% certainty. This means there is a 5% risk that the true result
is outside this range.

