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1.

Introduction

Recovered Energy Australia Pty Ltd (REA) has applied to Environmental Protection Authority (EPA)
Victoria for a Works Approval to construct a waste to energy (WTE) facility (the project) at Laverton,
Victoria, to process residual municipal solid waste (MSW) and generate electricity.1 A gasification
technology is proposed for the project, provided by Zhejiang Eco-Waste Technology Co. Ltd (EcoWaste).
A key element of the proposed project is the use of best practice technologies for management and
control of emissions to air, water and land, to provide acceptable environmental performance in
accordance with statutory requirements and relevant EPA Victoria guidelines. The supporting
documentation for the works approval application (WAA) provides details of the technologies
proposed including those dedicated to management and control of emissions to the environment.
Strategen-JBS&G (S-JBSG) was engaged by EPA Victoria to conduct an independent technical review
of the WAA and supporting documentation to determine the extent of compliance with EPA’s
objectives in respect of best practice. This report presents the findings from the technical review to
assist EPA in its assessment of the WAA.

1

Works approval application no. 1003297. The application was compiled by Hatlar Group Ltd on behalf of the Applicant (Recovered
Energy Australia Pty Ltd).
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2.

Scope of technical review

The scope of this technical review is detailed by the EPA in Request for Quotation RFQ-EPA-REA
11/2019, with details reproduced below:
Purpose and Objective
The overall purpose and objective of the services sought is to obtain an independent and technically
rigorous appraisal of the gasification technology proposed under the REA works approval application to
inform EPA’s assessment, that can robustly support EPA’s future decision and satisfy the
recommendations of the 20B Chair report.
The independent technical review will include consideration of the proposed gasification technology, its
operational performance, proposed residual solids disposal/reuse options, and its air emission
performance against the requirements/standards of:
•
•
•
•
•

State Environment Protection Policy (Air Quality Management) (specifically clause 18, 19, and 20);
European Union Industrial Emissions Directive 2010/75/EU;
European Union Industrial Emissions Directive (IED) (2018). FINAL DRAFT Best Available
Techniques (BAT) Reference Document for Waste Incineration. European Commission
EPA publication no. 1517.1 Demonstrating best practice
EPA publication no. 1559.1 Energy from waste

The key output of the consulting services to be provided by the Supplier is an independent report capable
of being included as an Appendix to EPA Victoria’s Works Approval Application Assessment Report.

EPA specified the following specific tasks and deliverables for the technical review:
Task List and deliverables
The Supplier will provide consultation services:
•
•
•
•
•

Undertake a technical review of the proposed gasification technology as detailed above under
‘Purpose/Objective’.
Provide EPA with preliminary technical assessment advice on the outcome of the above technical
review.
Provide EPA with a draft report of the technical review specified above.
Provide EPA with a final independent report, capable of being included as an appendix to EPA’s works
approval application assessment report.
Provide the final report within 10 business days of receiving the documentation for review.

Subsequent to issue of RFQ-EPA-REA 11/2019, the EPA requested review and provision of specific
advice be provided on the following additional matters:

2
3

•

the findings from the Thyssenkrupp Industrial Solutions (Australia) Pty Ltd review of the
proposed technology (Appendix 23 of WAA supporting document)

•

new documents prepared in mid-December 2019 by REA’s consultants on revised air
dispersion modelling2 and revised health risk assessment3, submitted by the Applicant to
address a proposed change (increase) in stack height since the initial modelling and
assessments were carried out

Document provided by H. Evans (EPA Victoria), 18 December 2019
Document provided by H. Evans (EPA Victoria), 16 December 2019
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3.

•

documentation provided by the Applicant in response to a submission from
Woolworths/Charter Hall4 on the WAA

•

documentation provided by EPA from a stakeholder commissioned review of dispersion
modelling conducted for the WAA5

•

the suitability of the selective non-catalytic reduction (SNCR) system for NOx control in
respect of the gas temperatures anticipated at the urea injection point within the syngas
combustion chamber.6

Documents reviewed

The following documents were examined by S-JBSG for the purpose of this technical review (Table
3.1).
Table 3.1: Documents examined for technical review
Documents
Supporting documents - works
approval application (excluding
commercial in confidence
appendices)
20B Conference report

Author
Recovered Energy Australia
(compiled by Hatlar Group Pty
Ltd)

Origin
https://engage.vic.gov.au/epa-worksapprovals/recovered-energy-australia

RM Consulting Group

Section 22 notice – request by
EPA for further information
REA response to submissions
and Section 22 notice
REA response to GHD
observations
State Environment Protection
Policy (Air Quality Management)
(SEPP)

EPA Victoria

European Union Industrial
Emissions Directive 2010/75/EU

European Commission

European Union Industrial
Emissions Directive (IED) (2018).
FINAL DRAFT Best Available
Techniques (BAT) Reference
Document for Waste
Incineration
EPA publication no. 1517.1
Demonstrating best practice
EPA publication no. 1559.1
Energy from waste
World Health Organisation
(WHO) Air Quality and Health
guidelines
Appendices 5,8,9,10,11,13,18

European Commission

https://engage.vic.gov.au/epa-worksapprovals/recovered-energy-australia
https://engage.vic.gov.au/epa-worksapprovals/recovered-energy-australia
https://engage.vic.gov.au/epa-worksapprovals/recovered-energy-australia
https://engage.vic.gov.au/epa-worksapprovals/recovered-energy-australia
https://s3.ap-southeast2.amazonaws.com/hdp.au.prod.app.vicengage.files/9815/0448/6563/167._SEPP_Air_Quality
_Extract_2.pdf
https://eur-lex.europa.eu/legalcontent/EN/TXT/PDF/?uri=CELEX:32010L0075&from=
EN
https://eippcb.jrc.ec.europa.eu/reference/BREF/WI/
WI_BREF_FD_Black_Watermark.pdf

Recovered Energy Australia
Recovered Energy Australia
Victoria Government

EPA Victoria
EPA Victoria
World Health Organisation

Commercial in confidence
material Recovered Energy Australia
Explanation Relating to Effective Commercial in confidence
Operation of Flue Gas Treatment material Technology
Hatlar Group Pty Ltd

4
5
6

https://ref.epa.vic.gov.au/~/media/Publications/1517
%201.pdf
https://www.epa.vic.gov.au/aboutepa/publications/1559-1
http://www.euro.who.int/__data/assets/pdf_file/000
5/78638/E90038.pdf?ua=1
EPA Victoria via email

EPA Victoria via email

Undated document from REA provided by H. Evans (EPA Victoria), 13 December 2019
Information and documentation provided by H. Evans (EPA Victoria), 13 January 2020
Request via email from H. Evans (EPA Victoria), 2 January 2020

©JBS&G

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

3

Documents
Temperature Data from
EcoWaste via TK.xlsx

Author
Commercial in confidence
material Thyssenkrupp
Ecowaste check H&MB – Balance Commercial in confidence
1.xlsx
material - Thyssenkrupp
Ecowaste check H&MB – Balance Commercial in confidence
2.xlsx
material - Thyssenkrupp
Ecowaste check H&MB – Balance Commercial in confidence
3.xlsx
material - Thyssenkrupp
Addendum Report: Air Quality
Edge Group Pty Ltd, December
Impact Assessment
2019
Residual Waste to Energy
Environmental Risk Sciences,
Facility, Laverton North: Health 13 December 2019
Impact Assessment
Recovered Energy Australia –
Recovered Energy Australia
Laverton North Residual Waste
Gasification to Energy
Summary of Performance Design
Parameters
Recovered Energy Australia
Recovered Energy Australia
Supplementary clarification of
REA Works Approval Application
issues and procedure raised by
Woolworths/Charter Hall
Due diligence Environment and Commercial in confidence
Technology Review – Zhejiang
report from Hatlar Group Pty
Eco-Waste Technology Co. Ltd.
Ltd for Recovered Energy
Gasifier Technology for the
Australia, October 2019
Treatment of Waste for
Recovered Energy Pty Ltd
Laverton North REA WAA
Commercial in confidence
Review.
report from GHD Pty Ltd, 9
Review of updated REA air
January 2020
dispersion model
New Energy Corporation P/L.
The Odour Unit Pty Ltd, April
‘Desktop’ Dispersion Modelling 2012
Assessment of Proposed
(Appendix 16 of Public
Waste-to-Energy Facility
Environmental Review
document)
Residual waste to energy facility, Environmental Risk Sciences,
Laverton North: Health Impact
revision C, 13 December 2019
Assessment

©JBS&G

Origin
EPA Victoria via email

EPA Victoria via email
EPA Victoria via email
EPA Victoria via email
EPA Victoria via email
EPA Victoria via email

EPA Victoria via email

EPA Victoria via email

EPA Victoria via email

EPA Victoria via email

http://www.epa.wa.gov.au/sites/default/files/PER_d
ocumentation/A1911_R1469_Port%20Hedland%20W
aste%20to%20Energy%20PER.pdf

EPA Victoria via email
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4.

Recommendations from 20B conference

The following recommendations were made following the 20B conference (reproduced from 20B
conference report).
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The following recommendations from the 20B Conference are of direct relevance to this technical
review (Table 4.1).
Table 4.1: Relevant 20B conference recommendations
Recommendation
Table E-2 – Topic 1
Air quality ad emissions and
human health

Details
EPA to indicate a health
impact assessment was
required and conduct
rigorous assessment of
findings

Table E-2 – Topic 4
Waste management

EPA obtain further
information from REA on
waste management options

Table E-2 – Topic 5
Best practice technology

EPA commission
independent assessment of
technology

©JBS&G

Applicant Response
A comprehensive Health Risk
Assessment (HRA) was
carried out.
A revised HRA carried out
after revision of emissions
properties
REA conducted a thorough
assessment of waste
feedstock options

EPA has commissioned
reviews
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Comment
HRAs were carried out using
appropriate methodology

The project will only process
kerbside residual MSW.
Kerbside co-mingled or
green waste is specifically
excluded as feedstock for
the project.
This review is conducted in
part to address the
recommendation

6

Recommendation
Table E-2 – Topic 5
Best practice waste
feedstock

Details
EPA commission
independent assessment of
proposed pre-treatment
options

Applicant Response
Not known

Comment
S-JBSG is not aware if this
has been carried out

Relevant issues raised from at the 20B conference included:
•

cumulative impacts – to date modelling with background only done for class 1 substances used annual average for NO2
o

Extent of baseline data

•

reliability and verification of source emissions data

•

comparison of emissions and modelled ground level concentrations (GLCs) against State
Environmental Protection Policy (SEPP) and European Union (EU) directives

•

quality of Chinese technology, data and air quality standards

•

waste feedstock origin

•

is proposed technology best practice?

This technical review has considered the above issues and how REA has addressed them in the WAA
and supporting documents.

©JBS&G
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5.

Review of Works Approval Application – best practice

5.1

Methodology

The technical review has considered the application of best practice to the following aspects of the
project:
•

technology selected for gasification and raising of electricity

•

waste feedstock (types, feed rate, composition and variability)

•

residual solid waste (bottom ash and fly-ash) after gasification

•

emissions to air

•

emissions control technologies

•

impacts from emissions

•

environmental risks.

Key elements of the WAA that inform or demonstrate application of best practice technology and
management practices in relation to the above considerations have been identified in this review
and examined in detail. Where relevant, reference is made to best practice guidelines from Victoria
and other jurisdictions, as well as primary literature and other public domain information in respect
of environmental impacts from gasification based WtE projects. Findings have been made in respect
of potential environmental significance or impact, and whether best practice has been proposed to
mitigate environmental risks.
5.2

Limitations and exclusions of the review

5.2.1

Engineering design

Engineering design has not been carried out by the Applicant at this time and included in the WAA
which precludes a detailed review and assessment of design aspects that may impact on
environmental outcomes. These must be addressed in the engineering design process and as
appropriate, specified as a condition in the Works Approval.
An example is the design and sizing of the baghouses to be installed on each of the three gasification
trains. Factors such as gas flow rates, velocities, pressure drops, residence time of solids on filter
elements, number of filter elements, number of filter chambers, etc, must be determined at design
phase to deliver a best practice outcome for particulate removal. In this case, a best practice
environmental outcome can be defined as provision of scrubbing efficiency that minimises
particulate and associated metals, polyaromatic hydrocarbons (PAHs) and dioxins emissions and
ensures SEPP design ground level criteria are satisfied at all times during normal operation. The
review has focussed on the Applicant’s claims in respect of baghouse performance and has not
considered how that performance is achieved from a design basis.
5.2.2

Health risk assessment

The risk assessment methodology and risk calculations have not been examined as part of this
review to confirm a best practice approach has been employed by the HRA consultant
(Environmental Risk Sciences - EnRiskS). EnRiskS have utilised 24-hour and annual average
background and predicted GLCs for assessment of risks for PM10 and PM2.5, and 1-hour averages for
other pollutants.
The data utilised for the HRA assessment (i.e. the results from dispersion modelling) has been
reviewed to confirm consistency of information used in the assessment. Discrepancies in the HRA
data were noted from data in spreadsheets provided by Edge. For example, for NOx, the 1-hour

©JBS&G
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average concentrations used for the HRA were two to three times greater than those in the Edge
spreadsheets for IED based emissions, and SO2 concentrations approximately four times greater in
the HRA than the spreadsheets. The reasons for the differences in data are not explained but the
higher values used for the HRA provide for a highly conservative assessment, in addition to the
highly conservative modelling assessment when using IED based emission rates.
The HRA concluded there are no acute or chronic inhalation health risks of concern and no chronic
risks from secondary exposures from soil or home-grown produce as a consequence of operation of
the REA project. These outcomes suggest that the best practice emissions controls proposed for the
project are highly likely to deliver an acceptable low risk to human health.
5.3

Results from review of WAA best practice

A summary of findings and outcomes from the review and assessment against the aspects identified
in Section 5.1 is presented in Table 5.1.

©JBS&G
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Table 5.1: Best practice review findings and outcomes
Review aspect

Detail

Technology
selection and
design

Overview

Waste rate
Fuel Types

©JBS&G

Source of
information
WAA Executive
Summary
WAA Sections 1.3.5,
5.4.3, 7.5 and 15.3

WAA executive
summary
WAA executive
summary

Electricity
generation

WAA executive
summary

Secondary
combustion
chamber
conditions

WAA executive
summary

Provided information

Review findings

Comment and conclusion

Modular design with redundancy from
three processing lines (trains), each with
two Eco-Waste vertical rotating gasifiers
reporting to a single combustion chamber
and boiler, with two steam turbine
electricity generators. Dedicated
emission controls on each train reporting
to multi-flue stack (individual flues for
each train in single stack).

Proposed technology is proven
commercially, with performance
information from reference plants used
to demonstrate suitability for processing
residual MSW in Victoria.
Direct coupled syngas generation
(gasifier) and combustion chamber
alleviates issues with condensables (tars)
from incomplete gasification reactions,
that impact on spark ignition engines or
gas turbines.
Modular design provides flexibility to
manage variability in waste feed
composition as well as outages of key
process elements.
Noted.

Proposed technology is considered
suitable for application.
Design is considered suitable and
appropriate for the intended purpose and
is expected to provide good reliability and
uptime.
Key issue likely in relation to acid gas
corrosion risk which can be addressed
from selection of appropriate metallurgy
and operating conditions.

Nominal 200,000 t/y residual MSW.

Significant reduction in MSW reporting to
landfill is key benefit of the project.
Residual MSW (normal operations).
PIDs and text do not describe where hot Emissions from start-up are not discussed
Clean waste wood used for start-up feed. gas is generated for start-up but
in any detail but are likely to be
Diesel for syngas oxidation chamber
presumably from combustion of waste
insignificant due to the relatively short
start-up.
wood in combustion chamber. Start-up
period of time involved, the use of waste
Emergency diesel generator.
hot gas flow to gasifier not shown in PIDs. wood as fuel and the relatively small
number of plant start-ups required over
project lifetime.
17.2 MWe generated
Noted.
No comment.
2.1 MWe parasitic
15.1 MWe export to grid and/or nearby
users.
Temperature of nominal 1150 °C and
Flue gas recirculation is proposed for
Temperature and residence time
residence time of 2 second proposed for temperature control purposes but not
represent best practice combustion
the secondary chamber.
shown in PIDs provided and H&MB.
conditions for secondary combustion
Proposed temperature and residence
chambers.
time are appropriate for destruction of
organics in syngas.

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551
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Review aspect

Detail
Stack

Source of
information
WAA executive
summary

Provided information

Review findings

Comment and conclusion

38 m stack, 47 m/s (flow), 15 m/s
velocity.

Error in flow units should be m3/s.
38 m stack will be heavily wake affected
and is not considered as best practice.

Correct flow value and units have been
used for modelling, so the error is in the
WAA documentation.
Taller stack is required to provide best
practice dispersion (refer below).
48 m stack is considered fit for purpose
and represents best practice emissions
dispersion.

Edge Group Dec 2019 Stack height revised to 48 m, flow and
modelling report
velocity unchanged.

©JBS&G

Revised stack height modelled to
demonstrate benefit of improved
dispersion. Further details provided in
Section 5.3.1 below.
Calculations are provided and appear to
be in order.

Energy efficiency WAA Executive
summary and
Appendix 6
Emissions control
technology

R1 > 0.73 for electricity only, higher R1 if
steam/hot water exported.
Key aspects of air emissions control:
• optimal hydrocarbon destruction via
maintenance of temperatures of
gasifier and syngas combustion
chamber
• minimisation of NOx formation via
control of air flow through gasifier
• NOx spike control via SNCR system
which doses urea based on
continuous NOx measurement
• acid gas removal via semi dry alkali
scrubbers
• removal of volatile metals e.g. Hg, As
and Cd and reformed hydrocarbons
(PAHs and dioxins) via activated
carbon dosing
• particulate capture via filtering in
baghouse.

Proposed emissions control technologies
are demonstrated and proven.

Optimisation of carbon and alkali dosing
is required during commissioning. The
initial dose rates should be informed by
reference sites and a full emissions mass
balance (which has not been developed
in the WAA).
Proposed emissions controls are
expected to satisfy best practice
requirements (following optimisation of
operation during commissioning).

Odour control

The receival hall is maintained under
negative pressure from gasifier and
combustion chamber air flow, with fast
closing door installed for waste receivals.
The waste pit (adjacent to the receivals
hall within the building) is also enclosed
with roller doors installed and a negative

The proposed design provides a “double
airlock” configuration to minimise egress
of odorous air from the building.
No calculations are provided to
demonstrate how negative pressure
control will be maintained.

Use of negative pressure enclosed
building and fast closing doors is standard
practice for waste handling facilities.
Nonetheless, odour impacts have been
observed (by the reviewer) from such
facilities.

WAA executive
summary

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

Efficiency is considered best practice.
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Review aspect

©JBS&G

Detail

Source of
information

NOx abatement

Exec summary

Technology
supplier
precedent

WAA Section 3
summarised in table
3-2

Third party
engineering
review of
technology

Summarised in WAA
Section 3.1
Confidential
Appendix 23 to WAA

Provided information

Review findings

pressure maintained to minimise the
egress of odorous air from that area of
the facility to the receivals hall.

This will be necessary prior to
commencement of construction to
demonstrate design will minimise odour
emissions.

Comment and conclusion

The inclusion of a secondary containment
for the waste pit provides an additional
layer of control for odour emissions.
This is expected to significantly reduce
the risk of odour emissions, and in
principle, represents best practice for
odour control for the project.
However, the information provided in the
WAA in respect of pressure control and
also from odour modelling is insufficient
to demonstrate the efficacy of the odour
controls.
See Section 5.3.3 for discussion on odour
control and recommendations.
SNCR urea injection
DeNOx is not included in process diagram Predicted NOx emissions for normal
in the Executive Summary but is noted in operations are compliant with IED limits
other documentation as being installed
and impacts at ground level are
onto the facility. The SNCR will only be
compliant with SEPP design criteria. If
operated if NOx levels are significantly
those outcomes are realised from actual
higher than predicted for normal
operations, then it is unlikely that SNCR
operations.
deNOx will be required. Subject to
optimisation of the efficiency of SNCR at
the secondary combustion chamber
temperatures, the availability of SNCR
provides a best practice NOx emissions
control for the project.
17 MSW gasification facilities constructed Indicates good capability provided by
Suggests relatively low technical risk can
(15 medical or hazardous waste plants
technology design and demonstrated
be achieved from the technology.
and 2 general industrial waste plants),
performance of the technology provider.
the first of which was commissioned in
2005 (two due for commissioning Dec
2019).
Reviewed by Thyssenkrupp Industrial
Comment from tkIS-AUS that incineration tkIS-AUS has correctly identified that the
Solutions (Australia) Pty Ltd (tkIS-AUS)
is not as controllable and leads to higher information provided in the WAA is
and concluded to be fit for purpose if
risk of undesirable emissions is not
commensurate with early conceptual
designed to relevant Australian Standards supported by references. Confidential
design and will require detailed design
and implemented by suitable
data previously provided to this reviewer information for design intent to be
from a company that has installed over
examined.

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551
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Review aspect

©JBS&G

Detail

Source of
information

Provided information

Review findings

Comment and conclusion

experienced engineering and
construction contractors.

200 WTE plants using incineration
technology shows acceptable emissions
performance with good process control.
This issue is of no material significance
since the gasification technology
proposed by the Applicant is the subject
of the WAA and this review has assessed
that technology on its merits.
Scale required comprise the use of
modules which have been demonstrated
at three other plants both using two
modules.
Throughput volume range is based on
average waste CV of 11 MJ/kg.
Redundancy is provided by the modular
system, but diversion protocol does not
seem to be described – what would
happen if failure of combustion chamber?
Is there capacity to accommodate all
syngas destined for that unit in another
process train?

This reviewer is not qualified to comment
on proposed materials of construction.
tkIS-AUS notes the potential use of flue
gas recirculation from the ID fan
discharge to combustion chamber to also
reduce superheater temperature and
reduce corrosion potential from chloride
gases.
The proposed scale of the project is
considered low operational risk from use
of six gasifiers in three processing lines.

Scalability

WAA Executive
summary

Proposal is to install six gasifier modules
in three processing lines to process
nominal 200,000 (+/- 20%) t/annum
residual MSW.

Emergency shut
down/outage

WAA Section 6
WAA Section 5
WAA Appendix 4

Brief reference to diversion to alternate
process lines in Section 1.3.5.
Section 6 comments “ability to isolate
and shut down any of the three
processing trains each with chemical
oxidation chamber, heat recovery boiler
and flue gas treatment system, from the
production process during routine
maintenance, upset conditions or during Risk assessment is scant in respect of
an emergency whilst keeping the
detail around emergency shutdowns and
remainder of the plant operating.”
outages.
A backup generator is installed to provide
power to 1 of the draft fans and maintain
partial operations.
Risk assessment refers to design controls
in HAZOP study

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

The risk assessment has concluded
moderate residual risk after
implementation of controls. However, a
detailed analysis of risks in respect of
predicted GLCs from emergency
shutdowns and outages, and associated
exposures has not been carried out.
Modelling of emissions based on IED
concentration limits provides an
understanding of worst-case normal
operating emissions impacts but does not
necessarily inform risks from emergency
shutdowns and outages
A full plant and process risk assessment
including a HAZOP is recommended at
completion of detailed design and prior
to commencement of construction. An
operability risk assessment and HAZOP
are recommended prior to
commencement of commissioning.
These assessments should consider the
likely extent of emissions (higher or
lower) compared with normal operations
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Review aspect

Detail

Secondary
chamber venting
and pressure
safety valves

Heat and mass
balance

Source of
information

Provided information

Exec summary
diagram
Email advice from
REA to EPA 9
November 2019

REA advised via email that:
“REA have contacted the technology
supplier EcoWaste and they have advised
that the safety valve on the secondary
chamber has never lifted on any of the
plants under any operating
conditions. EcoWaste has also advised
that the safety valve is now considered
superfluous and is generally not
incorporated into their current design
specifications unless specifically
requested. It has not been installed in any
of the more recently constructed facilities.
The ID fan is used to manage the
movement of syngas through the
oxidation chamber. Even if the ID fan was
inoperable the natural draft created by
the stack and the air input into the
gasifier and oxidation chamber together
with stopping waste feed will control the
movement of syngas.
Commercial in
Ecowaste check H&MB – Balance 1.xlsx
confidence material - (uses LHV for MSW of 11.2 MJ/kg).
Thyssenkrupp
Ecowaste check H&MB – Balance 2.xlsx
(uses LHV for MSW of 8.86 MJ/kg).
Ecowaste check H&MB – Balance 3.xlsx
(uses LHV for MSW of 12.2 MJ/kg).
Appendix 5 (PIDs and mass flows).

©JBS&G
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Review findings

Comment and conclusion
and predicted impacts at sensitive
receptors.
s-JBSG suggest that the diesel generator
be sized to operate all three ID fans and
control systems to ensure adequate
syngas flow to the combustion chamber
to maintain combustion conditions until
the rate of syngas production declines to
a negligible level.

More information is required at design
stage to demonstrate that natural draft
from the stack will be sufficient to draw
syngas from the gasifier and adequate
controls can be maintained for complete
combustion in all three secondary
chambers.
REA has advised that a diesel generator is
included in the design to ensure failsafe
As a back-up in the event of failure of the
power to the ID fans.
generator, S-JBSG suggest flow modelling
be carried out to confirm natural draft
will be sufficient to manage residual
syngas in the event of plant outage.

The origin of mass inputs (from MSW) is
not is described in spreadsheets. Entropy
values are provided without any
information on the composition of
gasifier product gas.
H&MB covers flow of materials through
gasification, combustion and heat
recovery stages but it does not describe
flow through emissions controls to stack
exhaust.
More specifically, it does not describe
flow of elements (e.g. S, N, Cl, heavy
metals) in flue gases to emissions
controls and those elements in bottom
ash.

A full mass balance would be helpful to
determine optimal carbon and lime dose
rates, for confirmation that emissions
values derived from reference plants are
suitable for modelling of solid and
gaseous wastes.
Nonetheless, the reference plant
emissions data suggests that reagent and
adsorbent dose rates can be successfully
optimised, which is expected to be
included in commissioning performance
testing prior to issue of a licence.
See Section 5.3.2 for discussion of tkISAUS technology review which includes
H&MB.
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Review aspect

Waste
feedstock

Detail

Source of waste

Predicted
composition
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Source of
information

WAA executive
summary

Provided information

Review findings

Flue gas recycling is not included.
Appendix 5 shows mass flows of process
gases and solids, but no data on mass
flow rates of pollutants (only
concentrations in exhaust streams).
General kerbside waste stream plus
Processing of residual waste from MRF is
residual from Materials Recovery Facility. considered appropriate.
Works approval states (section 1) that it
is not intended to process hazardous or
Aside from wastes with high levels of
prescribed wastes.
Arsenic and Cadmium, emissions from
inadvertent processing of hazardous or
prescribed wastes are anticipated to be
readily managed by the emissions control
system. Risks from those metals will be
managed by strict adherence to waste
acceptance criteria.

WAA Section 6.2 and Expected average composition was
Appendix 9
determined from investigation by MRA
during 12 kerbside audits of more than
2325 household bin samples. The audit
was conducted across five councils
encompassing different seasons to
include variation due to population
demographic and seasonality. HRL
provided a literature review and a
chemical composition evaluation of the
audit to inform emissions profile
predictions. Predicted changes in
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Evaluate change in feed composition as
recycling habits change.
Environmental risk from variability in
waste composition can be managed by
appropriate design of the emissions
control system. In particular, the design
must include sufficient redundancy to
facilitate higher lime/caustic/PAC dose
rates if wastes with higher levels of
chloride, sulfur and heavy metals are to
be processed in future. Furthermore, the

Comment and conclusion

Management and selection of waste
feedstock is key to maximising benefits of
the project. All reasonable measures
should be implemented to ensure only
residual MSW is processed.
In relation to hazardous or prescribed
waste contamination of feedstock, the
emissions controls are highly likely to be
capable of dealing with higher levels of
emissions such as HF, Hg, dioxins, other
metals, that may arise if the waste feed
stream is contaminated with hazardous
or prescribed wastes. This conclusion is
made on the basis that the predicted
emissions and GLCs at sensitive receptors
are generally very low in relation to SEPP
criteria, with the proposed emission
controls expected to have significant
capacity to deal with higher levels of
emissions.
Overall, the Applicant appears to have
conducted a thorough examination of
waste streams proposed for the project.
S-JBSG conclude that environmental risks
from processing of the wastes proposed
in the WAA can be adequately managed
by air emissions controls and appropriate
monitoring of solid residues.
S-JBSG conclude that the primary risk
from variability in waste composition
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Review aspect

Detail

Source of
information

Provided information

Review findings

composition over time due to changes in baghouse design must be sufficient to
recycling habits (less FOGO in waste) and deal with higher than expected levels of
materials employed were also evaluated. adsorbents from higher dose rates.
A range of options are proposed for
management of slag, boiler particulates
and baghouse residues. The selection of
the most appropriate options will be
dependent on composition, which must
be regularly monitored throughout the
operating life of the project.
Calorific value
WAA Section 6.2
Plant is designed to handle wastes as low Presumably the consequence of waste >
(CV)
as 6.6 MJ/kg and up to 13.2 MJ/kg.
13.2 MJ/kg being introduced is a
reduction in rate of waste processed.
Ongoing management of composition
and CV of feed waste is more an
operability issue since the proposed
emission controls and solid residue
management practices can be designed
to deal with variability in waste
composition.
Emissions to air Emissions source WAA Section 10 and Central multi-flue stack located towards Stack originally specified as 38 m height
and air quality identification
Appendix 15
south-east corner of proposed building to and 2m diameter in “final” dispersion
assessment
take emissions from all three process
modelling scenario.
trains.
Emails from EPA,
Revised modelling considered 48 m multiThree separate flues are ducted within
Edge Group
flue stack, each with three flues of
stack, each flue of 1.2 m diameter.
effective diameter of 2 m (for an
Addendum to
Original stack height of 38 m, revised to
equivalent single flue). Three flues of 1.2
modelling report,
48 m
m present an effective diameter for single
flue of 2.08 m, consistent with 2 m
diameter used for modelling.
Emissions input
WAA Appendix 15
Data taken from six reference facilities,
One of continuous data sets from plant
data
Section 2.3 and Table including one in Iran and five in China,
using 2 x 100 t/day modules was
1
using similar gasifiers and flue gas
averaged to 24-hour samples therefore
Appendix 20 and 21 treatment systems and 2 continuous
smoothing out spikes of worst-case
(Edge Group
datasets from reference site using
emissions.
dispersion modelling identical gasifier technology to proposed Nonetheless, a reasonable set of data
report)
facility.
have been used to identify likely
emissions rates from the REA facility.

©JBS&G
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Comment and conclusion
resides in the energy content and the
subsequent control of syngas generation
rates. That is an operability risk which
impacts on the commercial viability of the
project. An assessment of those risks is
outside the scope of this review.

Variability in CV of waste feed material is
not expected to impact on emissions
performance.

A 38 m stack is not best practice based on
surrounding building heights.
A 48 m stack is predicted to deliver
acceptable air quality outcomes and
therefore can be considered best
practice.
See analysis of data at Section 5.3.1.

The use of actual data from reference
sites to develop emissions inventory for
the proposed REA facility is good practice
and preferred to the development of an
emissions inventory using a mass
balance, which by necessity includes a
significant number of assumptions in
respect of partitioning and reactions of
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Review aspect

©JBS&G

Detail

Source of
information
WAA Section 3
summarised in table
3-2

Provided information
Range from 32,000 to 120,000 tonnes of
waste per annum operating with up to
two lines of vertical rotary gasifiers. The
100 t/day module proposed for the REA
project is operated in Iran where two
modules are employed to process 72,000
tonnes MSW per annum.
Key emissions to air identified in 6.3.1.4
are acid gases (SO2, HCl, NOx),
particulates (PM10, PM2.5), carbon
monoxide (CO), ammonia, volatile metals
(e.g. mercury, arsenic), other metals, and
post combustion synthesis products of
hydrocarbons such as poly-aromatic
hydrocarbons (PAHs), dioxins and furans.
Edge also included another IED
parameters (HF) and modelled vast
majority of SEPP substances.
Emission concentrations provided for
normal operation (as averages) and IED
limits as worst-case scenario.

Predicted
emissions

WAA Section 6.3.1.4
and
Appendix 15 (Edge
Group dispersion
modelling report)

Predicted
emissions for
modelling

Edge Group,
Addendum to
modelling report,
Table 1

GHG

WAA Executive
summary
Section 8

Emissions input
data reliability

WAA Appendix 15
Two online stack emissions data sets
Section 2.3 and Table provided from reference plants 1 (200
1 (Edge Group
t/day) and 2 (25 t/day) to compile the
emissions input data for continuous

Net annual reduction of 237,007 t
CO2e/year over business as usual.
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Review findings

Comment and conclusion
parameters across the processes.
Modelling of worst-case emission rates
based on IED concentrations provides a
conservative approach where significant
variability in actual emissions data is
observed from the reference facilities.

The EU IED details other emissions
including HF and total VOCs for
consideration.
The primary emissions listed are most
commonly considered in assessments of
WtE projects.

An appropriate suite of emissions has
been assessed for the WAA.

Normal operating emissions based on
averages from reference facilities.

A range of emissions concentrations and
mass emission rates are reported from
the reference facilities. The use of the
IED limits provides a conservative
assessment that captures the upper limits
of measured ranges, and as such is an
appropriate strategy for the emissions
assessment.
Project GHG emissions compared with
GHG calculations have not been
business as usual which is GHG emissions examined in this review since there is no
from landfill and typical Victorian
guidance on best practice GHG controls.
intensity for power generation. The
It is noted that the estimated energy
project is calculated to provide a
recovery efficiency factor R1 is 0.746
significant positive (favourable) GHG
which is above the IED 0.65 factor
outcome compared with business as
indicative of an energy recovery facility.
usual
Reference plant 1 data more relevant
12 months of data is sufficient to inform
likely emissions for the REA project.
since same module size as proposal.
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Review aspect

Detail

Source of
information
dispersion modelling
report)

Meteorological
data selection

Appendix 15 (Edge
Group dispersion
modelling report)

Model selection

Appendix 15 (Edge
Group dispersion
modelling report)

Cumulative
impacts

Appendix 15 Table 5
and Figure 21 (Edge
Group dispersion
modelling report)

Edge Group,
Addendum to
modelling report,
Table 1

©JBS&G

Provided information

Review findings

parameters NOx, SO2, CO, PM presented
in mg/Nm3. 12 months of 24-hour
average from 1-minute average samples.
Compiled using AERMET – used Laverton Met data files obtained from commercial
surface data (2012-2016) and Melbourne provider (pDS) but were not provided for
Upper air observations.
review.
2015 was found to provide “worst-case”
meteorology and such was selected for
modelling of emissions from 48 m stack
to provide a conservative outcome.
AERMOD with building wake
Modelling report does not include model
Predicted 1-hour ground level
input and output files for review.
concentrations re-averaged (using factor Adjustment of 1-hour averages uses EPA
of 1.82) to yield 3-minute predicted
methodology.
concentration for comparison to SEPP
Sector based assessment of surface
schedule A.
roughness, albedo and Bowen index is
good practice
Background data presented as average
Appears from Appendix 15 figure 21 that
yearly concentration from 1-hour average average yearly concentrations have been
concentrations from Altona North area
used as the background. A detailed
for NO2, SO2, CO and PM10 and PM2.5
analysis of ambient data has not been
(Appendix 15 Table 5)
presented to justify selection of the
average yearly concentrations for
cumulative assessment
Revised modelling included TVB
Details of the TVB methodology were not
assessment for cumulative impacts of
clearly described in the Edge Addendum
NO2, SO2, CO and PM10 and PM2.5.
report.
Ambient monitoring data from Footscray S-JBSG has examined the ambient data in
station for 2014 and 2015 were used for detail to fully understand the significance
the assessment.
of contributions from the REA project
emissions (see Section 5.3.4 below).
Cumulative impacts for PM10, CO, PM2.5
and SO2 largely driven by background
concentrations. Cumulative impacts for
NOx more related to plant emissions, in
particular using IED derived emission
rates.
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Comment and conclusion

Not possible to comment on quality of
met data.
Five years data are sufficient for
modelling.

Modelling appeared (on face value) to
have been carried out correctly, however
a review of model source files would be
required to confirm.

More information is required on the
ambient data used for the Total Variable
Background (TVB). (This is dealt with in
next item)

The TVB has used 99.9th percentile
ambient concentrations to calculate
cumulative GLCs. S-JBSG has examined
the ambient data in some detail and the
use of 99.9th percentile concentrations
for NOx, SO2, PM2.5 and CO appears
appropriate. A lower percentile is
recommended for cumulative assessment
of PM10 impacts due to a relatively large
number of higher concentration events
(approximately 0.6% of the year) from
dust storms, bushfires, etc.
See discussion in Section 5.3.4 below.
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Review aspect

Detail

Ambient data

Upset conditions

©JBS&G

Source of
information

Provided information

Review findings

Email advice from
https://discover.data.vic.gov.au/dataset/ Data downloaded and descriptive
REA regarding source epa-air-watch-all-sites-air-quality-hourly- statistics calculated to identify
averages-yearly/historical
of ambient data
appropriate concentrations for
cumulative assessment.
Section 10 and
Used maximum recorded at any plant for It is not clear if actual worst-case scenario
Appendix 15
‘upset’ conditions.
has been covered – WAA needs to detail
what upset conditions are expected and
how they will be handled.
Edge modelling
Modelling of worst-case (upset)
This assumes that the IED limits represent
report Addendum
conditions used IED concentration limits worst-case emissions during plant upsets.
to calculate emission rates
There is no information in the WAA to
indicate the IED limits are representative
of worst-case emissions during upset
conditions.

Odour emission
sources

WAA Appendix 15,
Section 6

The only source of odour identified is
from the opening the fast-acting door
during waste deliveries.

Waste handling
procedures for
odour control

Due-diligence
Environment and
Technology Review
report (Hatlar Group)

Receival area and refuse pit to be
maintained under negative pressure to
reduce fugitive odour emissions.
MSW handling to be in enclosed building
with automated (fast-acting) door

Odour modelling

WAA Appendix 15,
Section 6

Frequency of odour emissions for
modelling based on assumption that one
roller door will be open during delivery
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Comment and conclusion
See also discussion in Section 6 related to
issues with model under-reporting and
the resulting impact on the cumulative
assessment.
See findings in Section 5.3.4 below.

See previous comments in respect of
plant outages and the lack of detail in the
risk assessments.

As previously discussed, modelling of
emissions based on IED concentration
limits provides a good understanding of
worst-case normal operating emissions
impacts but does not necessarily inform
risks from emergency shutdowns and
outages.
This issue can be dealt with in a HAZOP
which considers operational risks around
plant upset conditions and impacts on
emissions.
This is a reasonable assumption in
It is appropriate that odour emissions
respect of the design, whereby the entire from this source are investigated.
operating facility will be located in an
enclosed building.
The enclosure of waste handling facilities These controls are appropriate for
in a negative pressure building is
mitigating the risk of fugitive odour
common practice at waste management emissions.
facilities across Australia. The Applicant
has also proposed to enclose the waste
pit and operate that under negative
pressure, further reducing the likelihood
of odour emissions from the facility.
Significant assumptions underpin the
Given the uncertainties in the modelling,
odour modelling analysis, which provide it is recommended that Computational
uncertainty in the findings sufficient to
Fluid Dynamic (CFD) modelling of air
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Review aspect

Detail

Source of
information

Provided information

Review findings

Comment and conclusion

for 30 minutes of each hour per day.
indicate additional measures should be
Odour emission rate (1920 OU/s) derived considered to verify the assumptions.
from TOU desktop dispersion modelling
See discussion in Section 5.3.3.
study for the NEC Boodarie WTE project.

Emissions to
water

Surface water
(storm water)

WAA Section 12.1.1

WAA Section 12.1.2

©JBS&G

Storm water management during
construction will be implemented as part
of the Construction Environmental
Management Plan. Storm water will be
managed by various means including
erosion control, sediment fences and
sedimentation basins
Storm water management during
operation will involve:
• isolation of the processing area from
rainfall within the enclosed building
• capture of rooftop rainwater
• external hardstand runoff directed to
reed bed prior to discharge to the
street storm water system
• process water will not be mixed with
stormwater
• fire water will be contained by bunds
within the building and removed by
tankers
• fire water from a catastrophic fire
may be directed to the reed bed
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flows from the building during waste
deliveries be carried out using the door
opening dimensions, gasification and
combustion air flow rates across the
waste pit with the isolating roller doors
opened, and for a range of wind
conditions across the doorways to inform
optimal air flows required to maintain
negative pressure at all times across the
external doorway during waste deliveries.
Also, the selection of the odour emission
rate used for modelling is based on
professional judgement. That requires
greater analysis of the emissions data
used for the project and discussion to
justify the selection.
The proposed measures are appropriate Storm water management during
for management of storm water. The risk construction is considered best practice
to surface water contamination from
storm water during construction is
assessed as low.

The proposed measures are appropriate
for management of storm water during
operations. The risk to surface water
contamination from storm water during
operations is assessed as low. A
moderate risk is assessed for
containment of fire water.

Storm water management during
operation is considered best practice
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Review aspect

Detail

Risk to ground
water from
process
wastewater

Emissions to
land

Gasifier Slag

Fly-ash

Boiler ash

Noise
emissions

©JBS&G

Source of
information

Provided information

basin for containment and removal
off-site
WAA Section 13
The following practices are proposed for
management of ground water risks:
• by-product process water is reused
• processing area is bunded and
additional bunding installed around
chemical and fuel storage areas
• waste leachate retained in leachate
tank, with leachate pumped to the
gasifier feed waste
• concrete and epoxy lined waste
bunker and leachate pool for
containment of leachate
WAA Section 6.3, 14 - Gasifier Slag is inert, non-odorous and
Table 14-2
expected to be recyclable as clean fill,
road base etc.
Due-diligence
Expected to be 12% of feed material
Environment and
which may increase to 19% if up to 50%
Technology Review
of food waste becomes diverted by the
report (Hatlar Group) FOGO initiative.
Likely to be classified as industrial waste
comprising 17% proportion of the feed
MSW.
WAA Table 14-2
Fly-ash likely to be Category B PIW
Appendix 5
comprising 1.8% proportion of the feed
MSW. Fly ash disposal to licenced
landfill.
WAA Table 14-2
Boiler ash likely to be Category C PIW
comprising 0.59% proportion of the feed
MSW.
Appendix 16

Background noise monitoring conducted
at site and nearby sensitive receptors.
Noise predictions were then modelled to
assess impacts.
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Review findings

Comment and conclusion

The measures are appropriate for
containment of process water and as
such a low risk to groundwater is
assessed for the project.

Process water management is considered
best practice

Actual category and end-use to be
confirmed from testing during
commissioning, and subject to market
considerations.
Worst-case endpoint is placement in
licenced landfill.

Appropriate approach to management of
this waste.
Worst-case placement in landfill still
provides significant volume reduction to
direct landfill of MSW.

Actual category and landfill type to be
determined from testing during
commissioning.

This is an appropriate approach for
management of this solid waste.

Conservative approach proposed to keep
separate waste stream until sampling can
be conducted to characterise this waste
stream and divert accordingly.
Acceptable noise performance was
indicated from modelling.

This is considered an acceptable
approach for management of this solid
waste.
Noise measurements should be carried
out during commissioning and if
necessary, addition acoustic controls
implemented to the building to achieve
required outcomes.
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5.3.1

Impact of revised stack height

As indicated in Table 5.1, the original WAA described a plant with a multi-flue stack of 38 m height
above ground level, projecting through the roof of the building. The building heights at that point
and above the nearby waste receival hall were such that considerable downwash could be expected
from wake effects. This does not represent best practice in respect of dispersion efficiency.
Notwithstanding the conservatism in the assessment, the predicted arsenic GLCs for the 38 m stack
exceeded the SEPP design criterion at the project boundary, which is inconsistent with best practice
requirements.
The Applicant has subsequently proposed a 48 m multi-flue stack to improve the extent of
dispersion of air emissions from the project. The modelling consultant (Edge Group) has modelled
the emissions for the 48 m stack using identical emission rates, stack gas temperatures, velocities
and volumetric flow rates, for both normal and maximum emission rate scenarios, thereby affording
the opportunity to directly compare the benefits of the taller stack.
A comparison of the predicted GLCs for modelling of the respective stack heights for normal
operational emissions has been carried out to confirm the improvement in dispersion is predicted at
the boundary and nearest sensitive receptors. The average differences in GLCs for all parameters at
all receptors are shown in Table 5.2, which demonstrate the extent of improvement in dispersion
with the taller stack.
Table 5.2: Difference in GLCs for modelling of a 38 m vs 48 m multi-flue stack
Receptor
SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
CDR1
CDR2
CDR3

Average % decrease in GLC for 48 m stack vs
38 m stack
1-hour average GLCs
3-minute average GLCs
72%
73%
58%
58%
49%
47%
65%
63%
76%
70%
71%
69%
76%
65%
79%
70%
53%
41%
63%
6%
76%
48%

Significantly lower GLCs were predicted at all receptors from a 48 m stack compared with a 38 m
stack. Some anomalous results were noted, the most significant being the small reduction (average
6%) observed for parameters with 3-minute average GLCs at receptor CDR2 compared with
parameters with 1-hour averages (63% reduction). The reduction in GLCs for 3-minute averages
should be the same as for 1-hour averages, since the 3-minute average GLCs are calculated from the
modelled 1-hour average using the EPA methodology. This finding suggests some errors may have
occurred in the modelling post processing or in transcription of results to tables in the modelling
reports.
Notwithstanding those anomalies, the results demonstrate the benefit of the taller stack in providing
lower GLCs at receptors. Of significance is that the predicted Arsenic GLCs for normal operation for
a 48 m stack are now compliant with the SEPP criterion at all receptors.
S-JBSG conclude based on modelling predictions that the proposed 48 m stack is likely to provide
adequate dispersion of emissions from the project, and as such is consistent with best practice
principles.

©JBS&G
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5.3.2

Review of Thyssenkrupp Due Diligence Report

Thyssenkrupp Industrial Solutions (Australia) Pty Ltd (tkIS-AU) has carried out a technical due
diligence study of the Eco-Waste gasification technology, with a report included at Appendix 23 of
the WAA. EPA has requested S-JBSG review the tkIS-AU report and provide comment in respect of
application of best practice to the project.
Relevant findings7 from the tkIS-AU study and S-JBSG commentary are summarised in Table 5.3.
Table 5.3: Findings from review of tkIS-AU technical due diligence study
Item in tkIS-AU
report
4. Project
technical risks
5. Gasification
Facility
Description

Details

tkIS-AU finding

S-JBSG comment

Table 1 in tkIS-AU
report describes the
risks
Description of
process as proposed
in WAA

Table 1 in tkIS-AU report is reproduced
below (Table 5.3) with S-JBSG comments
included
The following elements were discussed:
• Waste feedstock and composition
• Waste unloading facility
• Gasifiers and secondary combustion
chambers
• Steam boilers
• Flue gas treatment systems
• Baghouses
• Steam turbines

See Table 5.3 below

Simulations included reasonable
assumptions around waste CV (LHV),
turbine isentropic efficiency and generator
efficiency.
Combustion gas temperature of 1170 °C
used for simulation.
Very good agreement in power outputs
from SEDIN H&MB and tkIS-AU
simulations
An operating and trouble-shooting manual
from the Teheran MSW gasification power
station was reviewed and found to be
more focussed on boiler operation than
gasification.
No findings were made in respect of the
process controls

Good confidence provided by tkISAU simulations.

7. Heat and mass tkIS-AU carried out
(H&M) balance
its own simulations
of power generation
outputs to confirm
SEDIN H&M balances

9. Process control Normal operation
review

Abnormal operation

10. Materials of
construction

7

Materials described
for gasifier,

No findings provided – the review simply
described the outcomes anticipated by
Eco-Waste for various process outages
such as gasifier primary air fan failure,
boiler feed water supply, etc.

tkIS-AU did not consider (in this
section):
• Flue gas recirculation
• SNCR design and operating
considerations
• Stack design (height,
diameter, location)
• Building dimensions and plant
layout

It appears that the information
provided from the Teheran
reference facility is not sufficiently
comprehensive and uncertainties
remain with the reliability of
engineering proposed.
tkIS did not specifically make any
comments or provide findings on
the adequacy of process controls
in this section of their report
The use of flue gas recirculation
was discussed in this section for
control of corrosion risk in the
superheater.
REA has advised that a review of
risks arising from abnormal
operating conditions and a review
of operation and maintenance
records from the operating
facilities was outside the scope of
the tkIS-AU review.

tkIS-AU indicated that “Eco-Waste has
advised that the operation and
maintenance records of the currently
operating Eco-Waste gasifiers will
demonstrate the suitability of the gasifier
for the proposed facility at Laverton”
Materials considered suitable for required No comments provided on
service
materials for remainder of the

Relevant findings as deemed by S-JBSG in respect of environmental risk

©JBS&G
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Item in tkIS-AU
report

Details

tkIS-AU finding

secondary
combustion chamber
and boiler

11. Conclusions

Conclusions drawn
1. Quality of information provided was
from review of
commensurate with early conceptual
information provided design phase and will require further
definition to progress the project further

2. Conventional boiler, turbine and flue
gas treatment systems are proposed.
These have low operational risk but must
be designed to Australia codes and
standards

S-JBSG comment
process, i.e. downstream from the
boiler. Risk of corrosion were not
discussed. REA has advised that
these matters were outside the
scope of the tkIS-AU review.
S-JBSG concurs with this
conclusion.
S-JBSG recommend that the works
approval should include
condition(s) that the Applicant
provide comprehensive design
information sufficient to
demonstrate feasibility of
engineering and operability the
project prior to commencement
of construction
S-JBSG concurs with this
conclusion.

tkIS-AUS provided a project technical risk assessment (Table 1 of their report), which has been also
reviewed by S-JBSG. Comments are provided for the respective process issues in Table 5.4.
Table 5.4: S-JBSG review of tkIS-AU project technical risk assessment findings (Table 1 of tkIS-AU report)
Item
1

Issue
Inadequate
environmental data
provided

Mitigation in Eco-Waste Design
In some cases, the project has failed before it has
started because the data provided to the
environmental regulator has been inadequate.
The EPA Works Approval prepared for the
Laverton facility is comprehensive.

2

Project Location

3

Compliance with
environmental
regulations

Projects located in residential areas have been
subject to protests, challenges and disruption by
the residents and supporters. The Laverton plant
is proposed to be in an industrial area close to
other similar facilities.
Failures have occurred because the gasifier and
the treatment plant have not been able to meet
the environmental control limits; particularly with
mixed wastes containing PVC which can
potentially form toxic furans and dioxins.
In the Eco-Waste design, the syngas is completely
burnt in the secondary oxidation chamber
immediately after leaving the gasifier. The high
temperatures generated by this process would
ensure the complete destruction of potential
pollutants that may exist in the flue gas after
gasification.
Clean-up of the flue gas after the boiler using
SNCR, desulphurisation, PAC injection and baghouse ash collection are conventional

©JBS&G

S-JBSG comment
Agree that the WAA is
comprehensive, and a large amount
of data has been provided which
have assisted the approvals process
greatly.
Issues with the assumptions in the
odour assessment require
addressing (recommendation made
for CFD modelling of air flows
during vehicle entry).
This matter is beyond the scope of
S-JBSG review.

S-JBSG concur that the secondary
chamber combustion conditions
and flue gas abatement system are
conventional technologies.
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Item

4

5

6

7

8
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Issue

Mitigation in Eco-Waste Design
technologies in common use in power generation
steam plants.
Syngas quality
In the Eco-Waste design combustion of the syngas
takes place in the secondary oxidisation chamber
close-coupled to the gasifier. This immediate
combustion avoids problems associated with
inconsistent syngas characteristics.
Combustion to produce steam is also inherently
less prone to issues with entrained solids, unlike
the use of syngas in gas engines or gas turbines.
Complexity of system The Eco-Waste design is relatively simple in
comparison with some other mixed waste
processes. The gasifier operates at a small
negative pressure rather than at elevated
pressure, and conversion heat is self-sustaining
rather than using applied heat, burners or plasmaarcs.
The main feature of the Eco-Waste design is the
continual rotation of the gasifier shell, which
agitates the waste to improve homogeneity of fuel
and gasification, assist in air-flow and improve the
air-contact with the flammable material in the
waste.
The vapour lock of the gasifier is achieved by
choke feeding, using the double roller feeder.
Scalability
Failures have occurred when a demonstration
gasifier has been scaled-up, using correlations, to
a larger throughput. The Laverton plant will use
multiples of standard-size gasifiers that have
operated for long periods of time and have been
used in several plants.
The proposed gasifiers are also not the largest
demonstrated offering of Eco-Waste, and
therefore are not pushing the limits of their
capacity.
Operating Pressure
Gasifiers often operate at elevated pressure,
primarily to suit downstream processing
requirements of syngas. Operation at pressure
introduces a range of additional risks regarding
loss of containment, mechanical strength and
complex solids feeding and extraction systems.
Due to the straightforward syngas combustion and
gas treatments, the Eco-Waste gasifier operates at
a slight vacuum, which avoids the risk of escape of
syngas and the complexity of pressurised feeding
and ash withdrawal systems. Near atmospheric
gasification is an established technology.
Waste feed system
Inappropriate feed systems, causing imbalance in
the feed or unacceptable materials entering the
gasifier have been the cause of many failures.
These failures are due to issues such as:
• The flow of particles and powders (blocking
surging etc.) in piping systems and lock
hoppers, especially when pressurised.
Pneumatic feeding of wastes or pressurised
feeding is not used in the proposed facility.
The feed is not pulverised.
• Irregular/stringy wastes becoming entangled
in rotating feeding systems. This kind of
feeding system is not proposed for Laverton.
The proposed grab cranes are used for feeding

S-JBSG comment

S-JBSG concurs with this finding. SJBSG has been involved in a WtE
project where syngas from pyrolysis
kiln is scrubbed prior to combustion
in gas engines and can attest to the
issues inherent in that process.

Moving-grate waste combustion
designs are of similar complexity
and are well proven at commercial
scale, with considerably more plants
operation using combustion
technology than gasification.
Of relevance is the performance of
the gasification technology as
selected by the Applicant in respect
of energy efficiency and
environmental performance

S-JBSG agrees with this strategy.

S-JBSG concurs with this finding, in
that a lower risk is provided from
operation at a slight negative
pressure which minimises likelihood
of syngas escape, as well as
alleviating the need for pressurised
feed and ash withdrawal systems.

The demonstrated satisfactory
performance of grab cranes
provides confidence in the reliability
of the gasification process.
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Item

Issue

Mitigation in Eco-Waste Design
and these are common for this purpose and
demonstrated at their existing facilities.
• Blockages in feeding. The waste is loaded into
the gasifier feed chute which includes a step
and double-roll feeder to partially shred and
choke-feed the gasifier at a controlled rate.

S-JBSG comment

9

Variability of waste
material

S-JBSG concurs with this finding in
respect of mixing of waste in the pit
and from recovery by the grab
cranes. This has significant positive
implications for management of
variability in waste feedstock
composition in operation of the
gasifier.

10

High and variable
moisture content of
waste

In the Laverton design the incoming waste is
dumped into a pit where it is mixed by the grab
cranes that also feed the waste to the gasifier inlet
chute. This mixing improves the homogeneity of
the waste supply, allows partial composting of the
waste and drainage of excess water. It also allows
the operator to spot and remove oversized objects
with the grab crane.
The Eco-Waste gasifier is specifically designed to
handle mixed waste. The gasifier shell is
continually rotated to ensure that the waste is
properly mixed and exposed to the full heat range
of the gasifier for the appropriate time
necessary to maximise its thermal decomposition
into syngas.
The speed of rotation of the gasifier can be
increased or decreased to improve the agitation.
The controlled feed adjusts the flow of waste into
the gasifier to ensure the temperature and
retention time in the gasifier are appropriate to
the waste composition and characteristic.
The vertical design of the Eco-Waste gasifier
accommodates high moisture waste because the
waste material falls through the different heat
zones driving the moisture out of the waste, some
of which reacts with the carbon monoxide
generating hydrogen.
The remaining water released from the waste
passes through the system with the syngas and
exits the boiler with the flue gas as steam.

11

12
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The ability of the gasifier design to
deal with variability (and extremes)
of moisture in waste is a process
risk that may have implications for
deNOx efficiency at the higher
temperatures (up to 1200 °C) in the
combustion chamber. Detailed
design should ensure the project
water balance is well understood
and control system is able to
manage variability and extreme
moisture levels
Maintaining reaction The chemical reaction in the gasifier is exothermic S-JBSG suggests that 14 days of
temperatures
and it is essential to maintain the correct reaction operating data is insufficient to
temperatures in the various zones of the gasifier. demonstrate operational stability,
In the Eco-Waste design this is achieved by
in particular for an entire operating
controlling the primary air flow and the waste
period between planned
feed-in to suit the gasifier outlet temperature set- shutdowns.
point.
Further information should be
Data provided by Eco-Waste for a gasifier
provided as part of detailed design
operating over a 14-day period showed the
to demonstrate air flow and waste
gasifier outlet temperature to be reasonably
feed rate controls are adequate to
steady and at the optimum gasification
provide stable operating conditions
temperature advised by Eco-Waste.
for processing of residual MSW.
Removal of Inert
The Eco-Waste gasifier is fed from the top and the This design is appropriate for
waste from gasifier
solid inert residue from the gasifier drops into a
management of solid residues in the
and blockages
quench chamber where it is cooled by water and gasifier.
then conveyed for disposal. The operating
temperature of the gasifier is not high enough to
produce the molten slag that can be an issue in
higher temperature gasifiers.
There is a rotating macerator grate at the base of
the gasifier shell. The grate rotates in the same or
opposite direction to the gasifier shell and

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

27

Item

Issue

13

Slag formation on
heat-exchange
surfaces of boiler

14

Materials of
construction and
corrosion

15

Reliability

Mitigation in Eco-Waste Design
facilitates the continuous discharge of the inerts
and ash. The contra-rotation of the grate to the
gasifier breaks-up the ash and inerts to prevent
blockage at the discharge points. The grate
rotation can be reversed to clear blockages caused
by wire-like materials.
Slag can be formed on the boiler surfaces because
molten components of the fly ash cool on these
surfaces. In the Eco-Waste design, the
temperature of the gas leaving the secondary
oxidisation chamber is controlled below the
melting point of these components.
Even so, some cases of slag formation have been
found and Eco-Waste have redesigned the
arrangement of the water tubes at the entry to
the boiler to limit the effect of slag formation.
Materials of construction for the gasifier and the
boiler have been reviewed and found to be
suitable to the duty.
The main cause of corrosion is the formation of
acid gases in the flue gas ducts. This is typically
avoided by maintaining the flue gas temperature
above dew point (temperature at which water
condenses). This is included in the Eco-Waste
design and demonstrated in the operating data
provided.

S-JBSG comment

Details of the water tube redesign
have not been discussed by tkIS-AU
in its report.
Nonetheless, slag formation on
boiler surfaces is an operational and
maintenance matter and is unlikely
to adversely impact on
environmental performance.

See comment for item 11 in relation
to the significance of 14 days of
operating temperature information.

Chloride induced corrosion can
occur above dew point on
superheater tubes from
condensation of alkaline metal,
halide and sulfate substances. It is
essential that the appropriate
metallurgy is selected for duct work
in the boilers and flue gas treatment
system.
Eco-Waste’s reference list includes 37 plants
Concur that the multiple train
operating on mixed wastes, medical and
design (three trains each with two
hazardous wastes and industrial wastes. Reports
gasifiers, single combustion
from Eco-Waste and from plant visits by REA
chamber boiler and turbine)
personnel are that the plants operate reliably.
provides redundancy for planned or
The modular nature of the proposed Laverton
unplanned maintenance. The
plant using parallel standard gasifiers and boilers impact on waste throughput is a
will mean that units can be taken out of service for commercial matter for the
planned or unplanned maintenance with limited
operator. However, the design is
effect on total waste throughput.
favourable in respect of
environmental risks in that a failure
of the emission system on one train
can be responded to with an
immediate shut-down without
massive impact on generating
capacity.

Notwithstanding that the tkIS-AUS technical review did not consider the engineering aspects of the
emissions control system, overall, S-JBSG concurs with the majority of findings in the tkIS-AUS
technology review, in particular in relation to the expected performance and reliability of the
selected technologies.

5.3.3

Odour assessment

Odour emissions from the project are to be controlled by maintaining a negative pressure within the
building from draw of air to the gasifier and combustion chamber. Emissions are assumed to only
occur from escape of air during opening of the fast-acting door on the waste receival hall (see
Appendix 15 of the WAA, report from Edge Group). This is a reasonable assumption in that egress of
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odorous air via fixed (smaller) openings in the building is unlikely to occur due to the negative
pressure maintained within the building.
The assessment described by Edge (Section 6.1 of its report) relies on information presented in a
desktop study conducted by The Odour Unit (TOU) for the New Energy Corporation (NEC) Boodarie
WtE project. That study was carried out in support of an environmental approvals application but
has not been constructed, hence the TOU study relied on odour data from other sources.
A considerable number of assumptions have been made by TOU which were not examined in the
Edge assessment. A discussion of these assumptions and implications in respect of the predicted
odour impacts from the REA project is summarised in Table 5.5.
Table 5.5: Review of odour emissions assessment
Item
Odour escape
velocity

Details
TOU assumed 1 m/s

Theoretical
volumetric flow
rate
Air flow rate
from open
doorway

TOU calculated 30 m3/s from 6 Flow rate dependent on
m x 5 m doorway (30 m2).
assumed velocity.

Odour
concentration in
waste receival
hall

Odour emission
rate
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TOU assumed air flow only
occurred from 20% of the
opening, to give 6 m3/s flow
rate.
Edge selected 320 OU on the
basis of waste capacity (data
from Table 4.1.2 of TOU report
for a 400,000 tpa facility in
NSW).

Edge calculated an OER of
1,920 OU.m3/s based on 6
m3/s flow rate and 320 OU
concentration.

Comment
Basis for assumption not
discussed by TOU or Edge.

Conclusion and recommendation
This assumption underpins the odour
assessment outcomes – it is essential
that the basis is understood, or
modelling is conducted to determine
air flows based on building design and
gasifier/combustion chamber air
demand.
See conclusion above.

Basis for this assumption is
not discussed by TOU or
Edge.

See conclusion above.

TOU reported a wide range
of odour concentrations
from the 13 measurements
from the NSW facility:
• Minimum 320 OU
• Average 825 OU
• PC95 1,770 OU
• Maximum 2,400 OU
The basis for selection of 320
OU was described by Edge in
Table 10 of their report as:
“320 OU was selected
judging it professionally
considering waste capacity”.
Details of the professional
judgement process are not
described by Edge.
OERs could range from 1,920
to 14,400 OU.m3/s based on
the assumed flow rate
(6 m3/s and the measured
concentrations from the
NSW facility.

The odour concentrations within the
building will be based on amount and
type of waste within the receival area
at any time, the volume of the
building and respective air flow rates.
An assumption that the 200,000 tpa
REA project would have a lower odour
concentration is simplistic and not
supported by data from existing
facilities or from analysis of the
above-mentioned parameters.

Considerable uncertainty resides in
the OER value(s) that are modelled to
identify impacts at receptors.
TOU selected four OERs for modelling
of the Boodarie facility (1,800, 3,000,
6,000 and 12,000 OU.m3/s).
A similar approach is recommended
for assessment of the REA project to
explore the extent of potential
impacts at sensitive receptors.
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Item
Predicted odour
GLCs

Details
Edge modelling using 1,920
OU.m3/s OER showed no
exceedances of the SEPP
criterion (1 OU, PC99.9, 3minute average) at SB1-5 and
sensitive receptors, with minor
exceedance (1.2 OU) at SB6
location that extended
approximately 20 m south of
the boundary.

Comment
Scaling of model GLCs for the
TOU OERs shows
exceedances of the criterion
at SB6 for 1,800 and 3,000
OU.m3/s OERs and
compliance at all other
boundary locations and the
three sensitive receptors.
Scaling using 6,000 OU.m3/s
OER shows exceedances at
SB2, 4, 5 and 6 but
compliance at sensitive
receptors. Scaling using
12,000 OU.m3/s shows
exceedances at all boundary
locations but compliance at
sensitive locations (highest
GLC 0.06 OU).

Conclusion and recommendation
The predicted odour GLCs at the three
sensitive receptors are well below the
SEPP criterion for the highest OER
recommended by TOU in its study.
As such, this suggests a low risk of
odour impacts at those locations from
the REA project.
The predicted spatial extent of odour
impacts cannot be determined from
the scaling of OERs, hence it is not
possible to comment on the potential
risk of odour impacts at the proposed
Woolworths facility. It would helpful
if the Applicant can provide revised
odour isopleths from modelling at the
TOU OERs.

As recommended in Table 5.5, CFD modelling of air flows within the building and through the open
doorway during waste deliveries would assist to address the uncertainty in assumptions made on
egress velocity and flow rate. Such modelling should be conducted once detailed design of the
building and infrastructure is finalised, using the gasifier and combustion chamber air flow rates
from the process heat and mass balance. A range of prevailing wind conditions should be
considered in the modelling in respect of air flows across the doorway from those winds which may
impact on turbulence at the opening and air flow through the opening. The modelling will provide a
more reliable understanding of the air velocity and extent of flow across the entire opening, as the
door opens, the truck enters/exits and the door closes. This will remove those elements of
uncertainty in calculating odour emission rates for the volume source modelling.
The results from CFD modelling also may assist in design of the building and waste pit enclosure in
respect of air flows across the waste that generate odorous air which may escape during door
opening.
5.3.4

Background air quality assessment

The TVP assessment conducted by Edge in the Addendum report describes the addition of predicted
GLCs for modelling of IED limit concentrations for PM10, PM2.5, NOx, CO and SO2 with ambient
concentrations to identify worst-case cumulative impacts. Ambient data were obtained from the
EPA Footscray monitoring station for 2014 and 2015, with average hourly concentrations reported in
Table 5 of the Addendum report.
Although average concentrations were reported in Table 5 of the Addendum report, the TVB
assessment used the 99.9th percentile (PC99.9)8 ambient concentrations of the respective
parameters. A statistical analysis of the ambient data was not reported by Edge in support of its use
of these concentrations for the cumulative assessment.
Ambient data were downloaded from the EPA website for this review. Descriptive statistics are
shown in Table 5.6 for 2014 data and Table 5.7 for 2015 data. Units have been converted to mg/m3
at 25 °C for direct comparison with modelled GLCs and SEPP guideline values. Shaded cells
represent the averages listed in Table 5 of the Edge Addendum report.

8

For consistency with Edge Group spreadsheet annotations, percentiles are referred to in this review as “PC” values, e.g. 99.9 th percentile
is shown as “PC99.9”
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Table 5.6: Descriptive statistics for ambient concentration data (mg/m3, 1-hour averages) from
EPA Footscray station for 2014
Parameter Observations
NO2
SO2
CO
PM10
PM2.5

Minimum Average PC95

PC99

PC99.5

PC99.9

Maximum

8174 (93% of total) 0.002
0.020
0.049
7814 (89% of total) -0.003
0.00255 0.010
8196 (94% of total) -0.34
0.27
0.57
8672 (99% of total) -0.47
0.019
0.043
Only 24-hour average data posted on website

0.062
0.024
0.92
0.077

0.070
0.029
1.26
0.098

0.094
0.045
1.83
0.141

0.120
0.113
2.52
0.478

SEPP
criteria
0.19
0.45
29
0.08

Table 5.7: Descriptive statistics for ambient concentration data (mg/m3, 1-hour averages) from
EPA Footscray station for 2015
Parameter Observations

Minimum Average PC95

NO2
SO2
CO
PM10
PM2.5

0.002
0.02007 0.049
0.060
0.066
Insufficient data to generate meaningful statistics
-0.12
0.45
0.80
1.14
1.26
-0.049
0.0168 0.040
0.068
0.087
-0.005
0.00754 0.016
0.024
0.027

8296 (95% of total)
1557 (18% of total)
6128 (70% of total)
8581 (98% of total)
6517 (74% of total)

PC99

PC99.5

PC99.9

Maximum

0.073

0.087

SEPP
criteria
0.19

1.60
0.145
0.035

2.06
0.241
0.055

29
0.08
0.05

Edge has discussed issues with the PM10 data, in respect of the exceedances of the SEPP design
criterion and negative values. Concentrations greater than the criterion (0.08 mg/m3, 1-hour
average) were observed on 62 occasions in 2015 (which equates to 0.6% of the observations, i.e.
PC99.4). These have been attributed (by EPA) to dust storms; bushfire, planned agricultural and
wood heater smoke; and motor vehicles. Edge also suggests these could reflect event emissions
from industry and erroneous data.
The negative values (60 observations, 0.7% of total) are not necessarily erroneous but more likely
reflect typical behaviour of the TEOM instrument when volatile matter associated with dust on the
filter is volatilised between measurements.
As indicated above, the TVB assessment involved addition of the predicted PC99.9 GLCs from
modelling of normal emissions and IED limit emission rates, to the PC99.9 ambient concentrations.
Co-occurrence of high percentile concentrations represents a low probability (worst-case) event and
is therefore an appropriate conservative assessment for the gaseous pollutants and PM2.5, which
show significantly less variability than PM10. Presumably, there are less gaseous emissions events
compared with those which impact on ambient particulate concentrations. S-JBSG suggest that
lower percentile ambient PM10 concentrations may be more informative in respect of the
significance of PM10 emissions from the project, more specifically the PC99.4 concentration (i.e. the
SEPP criteria concentration).
S-JBSG has reviewed the modelled GLC spreadsheets9 and calculated cumulative concentrations
using the PC99.9 statistics for ambient data from the EPA website (for NOx, SO2, CO and PM2.5) and
PC99.4 statistic for PM10. Results are shown in the following tables:
Table 5.8 for modelling of normal and IED NOx emissions rates

9

•

Table 5.9 for modelling of normal and IED SO2 emission rates

•

Table 5.10 for modelling of normal and IED CO emission rates

•

Table 5.11 for modelling of normal and IED PM10 emission rates, using SEPP criteria as a
background to assess the significance of project PM10 emissions

Normal emission rates file “20170540 ConcnsALL_AllAvgV11_SteadyStateV3MassRs_Complnce.xlsx”
IED emission rates file “20170540 Results_ConcnsALL_AllAvgV13_Upset_IEDChineseV2.xlsx”
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•

Table 5.12 for modelling of normal and IED PM2.5 emission rates.

Some differences are observed from the Edge results, but these are considered to be immaterial in
respect of conclusions made from this analysis.
Table 5.8: Cumulative NOx emissions assessment for normal and IED emission rates
(concentrations as mg/m3, 1-hour)
Ambient
Receptor concentration
PC99.9

SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
CDR1
CDR2
CDR3

0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094
0.094

Modelled GLC Cumulative
PC99.9 –

% of SEPP

concentration criterion –

Modelled GLC
PC99.9 – IED

normal

– normal

normal

emissions

emissions

emissions

emissions

(note 1)

0.0051
0.0169
0.0169
0.0098
0.0039
0.0170
0.0026
0.0035
0.0011
0.0038
0.0027

0.099
0.111
0.111
0.104
0.098
0.111
0.097
0.098
0.095
0.098
0.097

52.2%
58.4%
58.4%
54.6%
51.5%
58.5%
50.9%
51.4%
50.1%
51.5%
50.9%

0.020
0.065
0.066
0.038
0.015
0.066
0.010
0.014
0.004
0.015
0.010

Cumulative
concentration
– IED
emissions
(note 1)

0.114
0.159
0.160
0.132
0.109
0.160
0.104
0.108
0.098
0.109
0.105

% of SEPP

Modelled GLC

criterion – IED PC99.9 – IED
emissions

emissions

(note 1)

(note 2)

60.0%
83.9%
84.0%
69.5%
57.4%
84.3%
54.8%
56.7%
51.7%
57.2%
55.0%

0.040
0.131
0.131
0.076
0.030
0.132
0.020
0.027
0.008
0.029
0.021

Cumulative
concentration
– IED
emissions
(note 2)

0.134
0.225
0.225
0.170
0.124
0.226
0.114
0.122
0.102
0.123
0.115

% of SEPP
criterion – IED
emissions
(note 2)

70.4%
118.3%
118.6%
89.4%
65.3%
119.1%
60.0%
64.0%
53.9%
64.9%
60.5%

Note 1: IED NOx emission concentration of 200 mg/Nm3 (24-hour average) used for modelling
Note 2: IED NOx emission concentration of 400 mg/Nm3 (100% of 30-minute concentrations) used for modelling

Table 5.9: Cumulative SO2 emissions assessment for normal and IED emission rates
(concentrations as mg/m3, 1-hour)
Ambient
Receptor concentration
PC99.9

SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
CDR1
CDR2
CDR3

0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045
0.045

Modelled GLC Cumulative
PC99.9 –

% of SEPP

concentration criterion –

Modelled GLC
PC99.9 – IED

normal

– normal

normal

emissions

emissions

emissions

emissions

(note 1)

0.003
0.009
0.009
0.005
0.002
0.009
0.001
0.002
0.001
0.002
0.001

0.047
0.053
0.053
0.050
0.047
0.053
0.046
0.046
0.045
0.047
0.046

10.5%
11.9%
11.9%
11.0%
10.3%
11.9%
10.2%
10.3%
10.0%
10.3%
10.2%

0.005
0.016
0.016
0.009
0.004
0.017
0.002
0.003
0.001
0.004
0.003

Cumulative
concentration
– IED
emissions
(note 1)

0.050
0.061
0.061
0.054
0.048
0.061
0.047
0.048
0.046
0.048
0.047

% of SEPP

Modelled GLC

criterion – IED PC99.9 – IED
emissions

emissions

(note 1)

(note 2)

11.0%
13.5%
13.5%
12.0%
10.7%
13.6%
10.5%
10.7%
10.1%
10.7%
10.5%

0.020
0.065
0.066
0.038
0.015
0.066
0.010
0.014
0.004
0.015
0.010

Cumulative
concentration
– IED
emissions
(note 2)

0.064
0.110
0.110
0.082
0.060
0.111
0.055
0.058
0.049
0.059
0.055

% of SEPP
criterion – IED
emissions
(note 2)

14.3%
24.4%
24.5%
18.3%
13.2%
24.6%
12.1%
12.9%
10.8%
13.2%
12.2%

Note 1: IED SO2 emission concentration of 50 mg/Nm3 (24-hour average or 97% of 30-minute concentrations) used for modelling
Note 2: IED SO2 emission concentration of 200 mg/Nm3 (100% of 30-minute concentrations) used for modelling
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Table 5.10: Cumulative CO emissions assessment for normal and IED emission rates
(concentrations as mg/m3, 1-hour)
Ambient
Receptor concentration
PC99.9

SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
CDR1
CDR2
CDR3

1.832
1.832
1.832
1.832
1.832
1.832
1.832
1.832
1.832
1.832
1.832

Modelled GLC Cumulative
PC99.9 –

% of SEPP

concentration criterion –

Modelled GLC
PC99.9 – IED

normal

– normal

normal

emissions

emissions

emissions

emissions

(note 1)

0.002
0.007
0.007
0.004
0.002
0.007
0.001
0.002
0.000
0.002
0.001

1.834
1.839
1.840
1.836
1.834
1.840
1.833
1.834
1.833
1.834
1.833

6.3%
6.3%
6.3%
6.3%
6.3%
6.3%
6.3%
6.3%
6.3%
6.3%
6.3%

0.005
0.016
0.016
0.009
0.004
0.017
0.002
0.003
0.001
0.004
0.003

Cumulative
concentration
– IED
emissions
(note 1)

1.837
1.848
1.849
1.842
1.836
1.849
1.835
1.836
1.833
1.836
1.835

% of SEPP

Modelled GLC

criterion – IED PC99.9 – IED
emissions

emissions

(note 1)

(note 2)

6.3%
6.4%
6.4%
6.4%
6.3%
6.4%
6.3%
6.3%
6.3%
6.3%
6.3%

0.010
0.033
0.033
0.019
0.008
0.033
0.005
0.007
0.002
0.007
0.005

Cumulative
concentration
– IED
emissions

% of SEPP
criterion – IED
emissions
(note 2)

(note 2)

1.842
1.865
1.865
1.851
1.840
1.865
1.837
1.839
1.834
1.839
1.837

6.4%
6.4%
6.4%
6.4%
6.3%
6.4%
6.3%
6.3%
6.3%
6.3%
6.3%

Note 1: IED CO emission concentration of 50 mg/Nm3 (24-hour average) used for modelling
Note 2: IED CO emission concentration of 100 mg/Nm3 (30-minute concentrations) used for modelling

Table 5.11: Cumulative PM10 emissions assessment for normal and IED emission rates
(concentrations as mg/m3, 1-hour) – SEPP design criterion as background
Cumulative
Ambient
Modelled GLC
concentration
Receptor concentration PC99.9 – normal
– normal
PC99.4
emissions
emissions
SB1
0.080
0.001
0.081
SB2
0.080
0.003
0.083
SB3
0.080
0.003
0.083
SB4
0.080
0.002
0.082
SB5
0.080
0.001
0.081
SB6
0.080
0.003
0.083
SB7
0.080
0.000
0.080
SB8
0.080
0.001
0.081
CDR1
0.080
0.000
0.080
CDR2
0.080
0.001
0.081
CDR3
0.080
0.000
0.080

% of SEPP
criterion –
normal
emissions
101.1%
103.7%
103.8%
102.2%
100.9%
103.8%
100.6%
100.8%
100.2%
100.8%
100.6%

Cumulative
Modelled GLC
% of SEPP
concentration
PC99.9 – IED
criterion – IED
– IED
emissions
emissions
emissions
0.003
0.083
103.7%
0.010
0.090
112.3%
0.010
0.090
112.3%
0.006
0.086
107.1%
0.002
0.082
102.8%
0.010
0.090
112.4%
0.001
0.081
101.9%
0.002
0.082
102.6%
0.001
0.081
100.8%
0.002
0.082
102.7%
0.002
0.082
102.0%

Table 5.12: Cumulative PM2.5 emissions assessment for normal and IED emission rates
(concentrations as mg/m3, 1-hour)
Receptor

Ambient
concentration
PC99.9

SB1
SB2
SB3
SB4
SB5
SB6
SB7
SB8
CDR1
CDR2
CDR3

0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
0.035
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Modelled GLC
PC99.9 –
normal
emissions
0.001
0.003
0.003
0.002
0.001
0.003
0.000
0.001
0.000
0.001
0.000

Cumulative
concentration
– normal
emissions
0.036
0.038
0.038
0.036
0.035
0.038
0.035
0.035
0.035
0.035
0.035

% of SEPP
criterion –
normal
emissions
71.2%
75.4%
75.4%
72.9%
70.8%
75.5%
70.3%
70.7%
69.8%
70.8%
70.4%

Modelled GLC Cumulative
% of SEPP
PC99.9 – IED concentration criterion – IED
emissions – IED emissions emissions
0.003
0.010
0.010
0.006
0.002
0.010
0.001
0.002
0.001
0.002
0.002

0.038
0.045
0.045
0.040
0.037
0.045
0.036
0.037
0.035
0.037
0.036

Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

75.4%
89.0%
89.1%
80.8%
73.9%
89.2%
72.4%
73.5%
70.7%
73.8%
72.6%
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The following observations and conclusions are drawn from this assessment of cumulative impacts:
NOx emissions
•

Direct and cumulative NOx impacts are predicted to be compliant with SEPP criteria for
normal operations, with the majority of cumulative impacts due to background
concentrations

•

Direct and cumulative NOx impacts derived from the 24-hour average IED concentration
limit are predicted to be compliant with SEPP criteria

•

NOx impacts for cumulative impacts derived from the IED 30-minute concentration limit are
predicted to exceed the SEPP criteria at three boundary locations but not at sensitive
receptors
o

For these locations, the majority of the exceedance of the SEPP criterion was due to
predicted emissions from the project

•

The assessment suggests a low risk of exceedance of SEPP criterion for NOx emissions from
normal operations and at the IED 24-hour limit and a small risk of exceedance for the higher
IED 30-minute limit

•

S-JBSG notes that these predictions assume operation at very high NOx emission rates,
which is anticipated will not occur since SNCR deNOx controls can be initiated when the online CEMs monitoring indicates increases in NOx emissions above the normal operating
upper limit

•

On that basis, the overall risk from NOx emissions is considered to be low.

•

Direct and cumulative SO2 impacts are predicted to be compliant with SEPP criteria for
normal operations, with the majority of cumulative impacts due to background
concentrations

•

Direct and cumulative SO2 impacts derived from the 24-hour average and 30-minute average
IED concentration limit are predicted to be compliant with SEPP criteria

•

The assessment suggests a low risk of exceedance of SEPP criterion for SO2 emissions from
normal operations and at the IED limits.

•

Direct and cumulative CO impacts are predicted to be compliant with SEPP criteria for
emissions from normal operations and from IED limits, with the vast majority of cumulative
impacts due to background concentrations

•

The assessment suggests a low risk of exceedance of SEPP criterion for CO emissions from
normal operations and at the IED limits.

SO2

CO

PM10
•

The use of PC99.9 background concentrations for a cumulative assessment is not
recommended since they represent impacts from extreme events (such as dust storms,
bushfires, etc) which cannot be addressed from regulatory controls

•

A cumulative assessment using the SEPP criterion (0.08 mg/m3, 1-hour average) shows that
the cumulative impacts from the project normal emissions and background will exceed the
criterion by less than 3.8%

©JBS&G
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•

In other words, the direct impacts of PM10 emissions from the project under normal
operating conditions are insignificant in relation to the background

•

A cumulative assessment using emission rates from IED limit shows exceedances of the SEPP
criteria of less than 12.4%

•

This indicates the direct impacts at the higher emission rates from IED limits are of low
significance in relation to the background

•

Overall, the risk of exceedance of SEPP PM10 criterion is driven by background
concentrations and the REA project emissions are of negligible significance.

PM2.5
•

Direct and cumulative PM2.5 impacts are predicted to be compliant with SEPP criteria for
emissions from normal operations and from IED limits, with the majority of cumulative
impacts due to background concentrations

•

The assessment suggests a low risk of exceedance of SEPP criterion for PM2.5 emissions from
normal operations and at the IED limits.

5.3.5

SNCR efficiency at combustion chamber temperatures

The Applicant has proposed installation of SNCR technology for NOx control in the event that NOx
levels from combustion of syngas in the secondary chamber are higher than anticipated from
consideration of those observed at reference facilities. EPA has sought advice in respect the
efficiency of SNCR at the temperature expected in the secondary chamber, i.e. nominal 1100-1200
°C.
Public domain literature indicates optimal temperature conditions of nominal 800-1100 °C for
highest NOx reduction rates. Figure 5.1 shows the NOx reduction efficiency declines from
approximately 65% at 1100 °C to 20% at 1200 °C. In simple terms, this is a result of oxidation of the
NH2 radical formed from decomposition of the urea to NOx at the higher temperatures, in
preference to reaction of the radical with NOx to form N2 and H2O.

Figure 5.1: SNCR temperature and NOx reduction (from Blejchar, et al, 2018)10

10

High Temperature Modification of SNCR Technology and its Impact on NOx Removal Process, Blejchar, Konvicka, von der Heide, Maly and
Maier, EPJ Web of Conferences, vol 180, 02009 (2018)
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Researchers have shown that injection of water immediately adjacent to the urea injection point can
significantly improve the NOx reduction efficiency,12 presumably from the evaporative cooling
induced by the water in the zone where the urea decomposes to form the NH2 radical. As a
consequence, the NOx reduction proceeds at a higher rate until the temperature of gas rises further
away from the point of water injection and the competing oxidation reaction prevails.
In relation to the project, the above findings suggest that provision should be made in the SNCR
design for water injection near the point of urea injection to control the reaction temperature and
provide flexibility in operation of the SNCR. Fluid dynamic modelling may assist the design and
inform potential risks to boiler efficiency from the cooler gases exiting the secondary chamber if
SNCR is operated with water injection. S-JBSG recommends that a condition be included in the
Works Approval for the Applicant to conduct sufficient research and modelling to demonstrate how
an appropriate efficiency can be achieved with the SNCR for NOx control.
The researchers also identified that CO can impact on NOx reduction efficiency. This suggests that
good control is required over combustion conditions in the secondary chamber, to minimise CO slip
from combustion of syngas.

©JBS&G
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6.

Conclusions

The following conclusions and recommendations are made from this review and assessment of the
WAA:
•

The proposed use of direct coupled gasification, syngas combustion and heat recovery to
raise steam and generate electricity is appropriate for utilising the energy content of residual
MSW for beneficial purposes, while reducing the volume of waste sent to landfill

•

The provision of information pertaining to successful implementation and operation
elsewhere of similar sized and configured plants as that proposed in the WAA application
suggests a high likelihood that the proposed facility will also achieve satisfactory
performance

•

A comprehensive assessment has been carried out of waste types and properties:

•

•

o

The project will process residual kerbside MSW and will not accept co-mingled and green
waste

o

That has significantly de-risked the project in respect of the capability of the proposed
design to successfully treat the specified wastes

The proposed emission controls are consistent with best practice controls from the
European Union, in particular:
o

use of flue gas recirculation to control combustion chamber temperature will also assist
to minimise NOx emissions from reduced O2 content

o

use of activated carbon to capture volatile heavy metals, dioxins and furans from flue
gases is best practice

o

the use of alkali dosing of the flue gas for acid gas capture is best practice

o

the use of fabric filter baghouse for capture of particulates and final removal of heavy
metals, dioxins, acid gases is best practice

o

provision of high combustion temperatures (>1100 °C) in the combustion chamber for a
residence time of 2 seconds is best practice for control of volatile organics and dioxins
precursors.

The Applicant has indicated that SNCR technology will be installed on the combustion
chamber for NOx control, however:
o

reagent dosing will only occur if actual NOx emissions are greater than those predicted
from the proposed WAA system

o

issues have been identified with potential loss in efficiency of the SNCR technology at
the higher combustion gas temperatures predicted for the combustion chamber

o

a recommendation is made that additional studies on the optimal design and operation
of SNCR at higher temperatures be carried out as part of the detailed design process.

•

The original proposed stack height in the WAA (38 m) is not best practice, in that this
elevation is below the height of the waste receival hall and likely to be heavily wake
effected. A taller stack is necessary to ensure adequate dispersion will occur under all
meteorological conditions

•

A revised stack height of 48 m has subsequently been proposed (December 2019) and
dispersion modelling conducted to assess the adequacy of that design in respect of adequate
dispersion of pollutants in that:
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•

o

the modelling showed significant decrease in predicted GLC at boundary and nearby
sensitive receptors compared with a 38 m stack

o

predicted GLCs of emission parameters for normal operations were below SEPP design
criteria at all locations for a 48 m stack

o

a health risk assessment has determined very low risk from emissions from the facility

o

as such, the proposed 48 m stack is considered best practice in respect of acceptable
environmental and human health outcomes.

The heat recovery system (boilers) are understood to provide sufficiently rapid cooling which
is expected to minimise the de-novo synthesis of dioxins
o

No evidence is provided to support that understanding, in particular studies on the
kinetics of de-novo synthesis in an equivalent system
–

•

o

Nonetheless, the activated carbon treatment of flue gas is expected to deal with any
dioxins formed in the boiler, in particular after optimisation of dosing is carried out

o

A recommendation is made that the baghouse design be such that catalytic filter bags
can be retro-fitted in the event that dioxins emissions exceed IED limits.

The WAA appears to have not considered process outages in any significant detail in respect
of risks of unacceptable emissions events:
o

a risk assessment has concluded a moderate risk for process equipment failures and
upsets after implementation of controls but further investigation of predicted GLCs and
exposures has not been carried out

o

modelling has assumed the highest measured values from reference plants to reflect
“upset conditions, however data from actual upsets are not available

o

–

Some of the higher values were observed during commissioning when upsets can
occur

–

However, it is not clear if those data represent upsets or normal variability in
emissions from operating under commissioning conditions

a recommendation is made that the process design risk assessment and HAZOP consider
the implications and impacts of process outages in greater detail
–

o

•

©JBS&G

The relatively slow kinetics associated with heat transfer in the boiler may favour denovo synthesis

this process can consider the likelihood of upsets and consequences for increases in
process emissions, to address uncertainties in assessment of upset emissions
impacts

CFD modelling of process gas flows from natural draft in the stack is recommended to
confirm syngas generated can be safely combusted and emissions discharged during
plant outages.

A review of the technology conducted by Thyssenkrupp concluded the proposed
gasification/combustion and heat recovery(boiler) system was appropriate for processing of
MSW:
o

the Thyssenkrupp review did not consider the engineering aspects of the emissions
control system since this was not within the scope of the review

o

S-JBSG largely concur with Thyssenkrupp’s findings, in particular in relation to the
expected performance and reliability of the selected technologies.
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•

Odour emissions are controlled by enclosure of the waste receival building and a separate
enclosure around the waste pit (within the building), with fast-acting doors installed and a
negative pressure maintained by the draw gasification and combustion air fans.
o

This double-control design is likely to provide good capture of odours from within the
building and minimise risk of egress during waste deliveries.

•

However, the modelling assessment of potential odour impacts is based on various
assumptions including air flow rates (velocity) from the open doorway during waste
receivals.

•

Other assumptions relate to the odour concentration used to calculate an odour emission
rate for dispersion modelling:
o

a recommendation is made that CFD modelling be carried out to identify air flows within
the waste receival hall and flows from the building when the door is opened for vehicle
access

o

modelling should also consider emissions from the waste pit that may enter the waste
hall and be combined with odour in the hall

o

a revised odour assessment should also consider the use of higher odour emission
concentrations to calculate odour emission rates using the CFD model exit velocity.

•

Risks associated with uncertainties in predictions of air emissions impacts can be managed
by conditions in the works approval for reporting of detailed design ahead of construction
commencement.

•

A detailed analysis of solid residues from reference facilities has been carried out to inform
likely management strategies for the REA project:

•

©JBS&G

o

Those strategies will be informed by analyses of solid wastes generated during
commissioning and waste classification requirements for disposal or secondary
beneficial use (of gasifier slag) in road construction materials

o

The WAA describes best practice solid waste management technology and practices.

Management practices and infrastructure proposed for dealing with storm water and
process water are considered best practice
o

Risk assessments have found low risk to surface water during construction and operation

o

Low risk is assigned to ground water contamination from process water
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7.

Summary of recommendations

The following recommendations are provided as an outcome of the technical review undertaken:
•

additional studies should be undertaken on the optimal design and operation of SNCR at
higher temperatures as part of the detailed design process

•

baghouse design be such that catalytic filter bags can be retro-fitted in the event that dioxins
emissions exceed IED limits

•

the process design risk assessment and HAZOP consider the implications and impacts of
process outages in greater detail, in particular for air emissions

•

CFD modelling is undertaken of process gas flows from natural draft in the stack to confirm
syngas generated can be safely combusted and emissions discharged during plant outages

•

CFD modelling be carried out to identify air flows within the waste receival hall and flows
from the building when the door is opened for vehicle access. A revised odour assessment
should also consider the use of higher odour emission concentrations to calculate odour
emission rates using the CFD model exit velocity

•

risks associated with uncertainties in predictions of air emissions impacts should be
managed by conditions in the works approval for reporting of detailed design ahead of
construction commencing.
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Australia Pty Ltd T/A Strategen-JBS&G | Project No. 57965/126,551

40

Limitations
Scope of services
This report (“the report”) has been prepared by Strategen-JBS&G in accordance with the scope of
services set out in the contract, or as otherwise agreed, between the Client and Strategen-JBS&G.
This report is strictly limited to the matters stated in it and is not to be read as extending, by
implication, to any other matter in connection with the matters addressed in it.
Reliance on data
In preparing the report, Strategen-JBS&G has relied upon data and other information provided by
the Client and other individuals and organisations, most of which are referred to in the report (“the
data”). Except as otherwise expressly stated in the report, Strategen-JBS&G has not verified the
accuracy or completeness of the data. To the extent that the statements, opinions, facts,
information, conclusions and/or recommendations in the report (“conclusions”) are based in whole
or part on the data, those conclusions are contingent upon the accuracy and completeness of the
data. Strategen-JBS&G has also not attempted to determine whether any material matter has been
omitted from the data. Strategen-JBS&G will not be liable in relation to incorrect conclusions should
any data, information or condition be incorrect or have been concealed, withheld, misrepresented
or otherwise not fully disclosed to Strategen-JBS&G. The making of any assumption does not imply
that Strategen-JBS&G has made any enquiry to verify the correctness of that assumption.
The report is based on conditions encountered and information received at the time of preparation
of this report. Strategen-JBS&G disclaims responsibility for any changes that may have occurred
after this time. This report and any legal issues arising from it are governed by and construed in
accordance with the law of Western Australia as at the date of this report.
Environmental conclusions
Within the limitations imposed by the scope of services, the preparation of this report has been
undertaken and performed in a professional manner, in accordance with generally accepted
environmental consulting practices. No other warranty, whether express or implied, is made.
The advice herein relates only to this project and all results conclusions and recommendations made
should be reviewed by a competent person with experience in environmental investigations, before
being used for any other purpose.
Strategen-JBS&G accepts no liability for use or interpretation by any person or body other than the
client who commissioned the works. This report should not be reproduced without prior approval
by the client or amended in any way without prior approval by Strategen-JBS&G, and should not be
relied upon by other parties, who should make their own enquiries.
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