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6. Process and Integrated
Environmental Assessment

6.1 Description of the Proposal
6.1.1

Overview

The EPA Works Approval Guidelines (publication 1658) requires project proponents to provide
details of the proposed development to enable an assessment of environmental risks associated
with the proposed project.
This Section provides details of the key processes and technologies involved in this WtE proposal. It
includes detail on the key inputs and outputs of the process, the key controls incorporated in the
design to manage emissions, the management required for gasifier slag, boiler ash and flue gas
treatment (FGT) residues and the monitoring and feedback operating systems which allow
appropriate management of the plant and monitor the environmental performance.

6.1.2

Proposed Operations

6.1.2.1

Energy Efficiency and Power Generation

REA is proposing to construct a WtE facility in Laverton North which will process a nominal 200,000
tonnes per annum of residual waste collected from the kerb side municipal collection system or
residues from materials recovery facility (MRF) separation plants. This proposed facility will generate
approximately 17.2 MW of electricity. After allowing for the parasitic load (2.1 MW) required to
operate and manage the MSW processing operation, the facility will dispatch approximately 15.1
MW of base load power into the grid and/or to nearby industrial energy users.
The proposed location of the WtE facility is within a developing Industrial estate. At present, only
one of the adjacent industry sites is occupied. This site is operated as a road materials recycling and
supply business. REA has had preliminary discussions with this group regarding potential direct
energy supply opportunities. Discussions have also been conducted with the owners and landlords
of the surrounding industrial land regarding potential access to easements to enable the facility to
provide steam, low grade heat and/or electricity directly to industrial tenancies as they commit to
sites within their estate.
REA are continuing to investigate supplying steam and/or low-grade heat to adjacent businesses
however, firm commitments are unlikely to eventuate until the Works Approval is endorsed and the
final design has been accepted. REA has instructed its engineering team to ensure that the options
for combined heat and power (CHP) are incorporated into the design to ensure the availability of
steam or heat to third parties remains an option even though the current business case relies wholly
on the dispatch of electricity to the grid.
The EPA require an assessment of thermal efficiency based on the calculation of the R1 Efficiency
Indicator as defined in European Union’s Waste Framework Directive 2008/98/EC 31 . For a plant to
be considered a genuine energy recovery facility, R1 will be expected to be equal or above 0.65.
The R1 factor has been calculated for this project based on the operational characteristics of the
select gasifier and its demonstrable waste to energy conversion efficiencies. Three scenarios with
European Commission (2011) Guidelines on the interpretation of the R1 energy efficiency formula in Annex II of Directive
2008/98/EC

31
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varying feedstock calorific values have been considered. The details of these calculations are
presented in Appendix 5. The calculations estimate R1 factors of >0.73 for all the scenarios modelled
which comfortably exceeds the requirement for the plant to be considered a genuine energy
recovery facility.
It should be noted that REA have opted to sacrifice some energy efficiency to effect water
conservation. REA has specified air cooled chiller condensers which have a comparatively high
energy requirement but consume no water rather than the typical water fed cooling towers which
use large volumes of water but less energy. REA has determined that the substitution of energy
efficiency for water minimisation is a justifiable in the context of reducing regional rainfall and
potable water as a consequence of climate change and the cost to the project (energy being saleable
and air chillers being considerably more capital intensive) given the considerably improved balance
of environmental outcomes that this will achieve.

6.1.3

Proposed Layout

The proposed layout of the site is described in Figures 6-1, 6-2 and in Appendix 6. The site layout
provides sufficient area to accommodate the operations and administrative requirements of the
facility as well as areas for education/training and ancillary staff amenities within the confines of the
structure. The site layout also provides substantial areas for receivals, car parking, trailer laydown
and storage. The layout also preserves substantial area within the site for future ancillary activities
and expansion of the proposed facility that will provide scope for REA to meet future waste industry
demands as they evolve over time.
The proposed layout in Figure 6-1 details the general orientation of the facility and highlights the
locations of recently drilled holes aimed at assessing the nature of the substrate to inform the
preliminary foundation design. Figure 6-2 provides greater detail on the layout of the gasifier trains
and the general arrangement of associated infrastructure. The final design and layout may still be
revised to meet requisite planning, operational and EPA refinements as they are determined.
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Figure 6-1: Proposed Layout for WtE Facility, Laverton North.
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Figure 6-2: Layout of Gasifier Trains and General Building Arrangement
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Separation Distance

The proposed site is situated within an Industrial 2 Planning Zone and is located 1,790m from the
nearest residential area (Figure 6-3) and 1,550m from the Honey Hush Caravan Park. Port Phillip
Prison is located 1,300m to the west. No schools, hospitals or other public facilities are located
within the industrial zones in the immediate vicinity of the Project site.

Figure 6-3: Proposed Location of Project, Planning Zones and Separation Distances from Residential Areas.

6.1.5

Hours of Operation

The delivery of MSW to the facility will be determined by the operating times of the Council
collection contractors but will primarily occur between the hours of 6am – 5pm five days per week.
The processing facility will operate on a 24 hour, 7 days per week, 365 days per year basis. The main
MSW receival bunker has been designed to hold enough waste to accommodate 4 days continuous
processing. This is sufficient to accommodate supply disruptions across public holidays and
weekends and to provide holding capacity during operational and a maintenance shutdown of
individual processing trains.
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6.2 Source of Residual Waste Supply and Compositional
Analysis
6.2.1

Source of Raw Materials

REA are targeting the waste industry and/or municipality collaborations to obtain residual waste
from the kerbside collection stream. The planned implementation timeline has been structured to
allow operations as close as possible to the expiry of existing Municipal Council waste disposal
contracts in 2021.
The availability of residual waste in sufficient quantities to supply the proposed WtE facility in
Melbourne has been investigated. This investigation has:
•
•
•
•

•
•

Used literature in the public domain to identify the volumes of residual waste available in
Melbourne and the proportion of that waste travelling into the western suburbs of
Melbourne;
Identified Council sources of MSW and undertaken preliminary discussions with Councils to
understand their existing waste management practises and their attitude for incorporating
WtE as part of the solution to waste management in the western suburbs;
Estimated expected residual waste physical composition through data supplied by the MRA
Consulting Group who analysed more than 2325 residual bin compositions from 5 council
areas over the various seasons and compared these results with the available literature;
Contracted HRL Technology Group Pty Ltd to estimate chemical characteristics of the residual
waste by utilising the residual waste physical composition assessment and the literature to
derive an elemental waste fuel specification for use by the design team, the EPC contractor
and to enable comparison between the technology provider reference sites and Melbourne
residual MSW;
Evaluated the quantity of recyclables in the residual waste which allowed a high level
assessment of the viability of re-sorting this waste prior to gasification;
Assessed the implications of further reduction in recyclables at the source to inform the facility
design scope. Modelling in particular addressed the implications of removing 50% of food
waste from the residual stream as anticipated under a successful FOGO implementation.

Residual MSW will be delivered to the WTE facility in accordance with current kerb side collection
practices and utilising existing infrastructure. Haulage distances for existing compactor truck
movements into and from the western suburbs will generally be reduced saving on turn-around
time, transport costs and greenhouse gas production.
Wastes generated by the facility will be recycled wherever possible and where options for recycling
are unavailable, will be stabilised and consigned to appropriately licensed landfills. It is expected
that >97% of the incoming residual MSW will be diverted from landfill through conversion of the
organics to energy and recycling gasifier slag. Testing and classification of the gasifier slag will be
required before the recycling option is implemented.
Relatively small quantities of boiler ash, flue gas treatment residues and rejected waste are likely
destined for landfill in this proposal. Alternative reuse options for these residues will be monitored
as they develop for their compliance with local conditions and implemented as appropriate with the
ultimate intent of increasing diversion toward 100%.

6.2.2

Composition of Residual Waste

REA contracted MRA Consulting to assess the physical composition of the kerbside residual waste
stream and HRL to assess chemical composition of the waste. MRA has analysed kerbside bin audits
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for five metropolitan Melbourne councils across twelve separate audits over the past 10 years. The
objective of this assessment was to characterise the composition of residential kerbside garbage
bins across multiple council areas and seasons (Appendix 8). The reported audit methods employed
for each of the audits were consistent with Sustainability Victoria’s Guidelines for Auditing Kerbside
Waste in Victoria (2009). The data identification and origin has been generalised by MRA to include:
the month of auditing and an area designation of Council A, B, C, D and E.
The specifics of the data prepared by MRA, was compiled from:
•
•
•

Twelve separate kerbside audits undertaken at differing times of the year (summer, autumn,
winter and spring);
Five metropolitan Melbourne council areas (de-identified due to confidentiality);
More than 2325 individual household bin samples comprising:
o Council A 925 households;
o Councils B 750 households;
o Councils C 250 households;
o Council D 200+ households; and
o Council E 250 households.

In addition to the above assessment, HRL Technology Group Pty Ltd (HRL) was also contracted to
conduct a literature review of available MSW waste audit data to provide an additional source of
validation for an average composition of Melbourne residual MSW Waste. HRL also provided an
assessment of the compositional variation that would characterise the successful implementation of
metropolitan wide FOGO implementation. This assumed 50% of the food waste currently included in
the residual bin could be reduced under an improved source separation system and sent directly to
specialised organics processing facilities. The HRL data was gathered from sources found freely
available in the public domain and were considered recent and relevant as the data was generated
between 2007 up to 2015. HRL has also conducted many audits on Melbourne MSW samples and
although this data cannot be used in this study, HRL stated that the average MSW compositional
levels presented for each fraction in this report are consistent with the data generated from audits
conducted by HRL.

6.2.2.1

Physical Composition

Detailed residual MSW composition data was supplied by MRA which was derived from the physical
audit of several thousand residual bins across the Metropolitan Melbourne region. The audits were
undertaken over several years across all seasons providing a reliable basis for determination of an
average compositional analysis. This data provided all the key information necessary to develop a
comprehensive and representative characterisation of Melbourne Metropolitan waste sufficient to
ensure confidence in the design specification and anticipated performance characteristics of the
proposed WtE facility. The following text provides a summary of the data collected by MRA and the
MRA analysis is attached with the HRL Report in Appendix 9.
Combustible materials make up around 85% - 86% of the residual waste feed. This would all be
converted to syngas in the gasifier. The remaining 14% - 15%, which will present as gasifier slag,
contains the non-organic fraction of the waste. From the residual waste compositional analysis, the
gasifier slag will typically include the metal (up to 2.6% of feed), the glass (up to 2.6% of feed), inert
materials (up to 5.9% of feed) and potentially hazardous materials such as batteries and
Pharmaceuticals (up to 1.6% of feed) and others (2.4% of feed).
Food organics and garden green waste represent the most significant proportion of the residual bin
waste (>50%). Households in metropolitan Melbourne currently source separate around 62% of their
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garden waste which is directed to organic processing facilities for reuse. Currently only 10% of food
waste produced at the household is separated, recovered and recycled 32.
“Improving recovery of food organics is a priority of the SWRRIP and Regional Implementation Plans
identified combined food organics and garden organics (FOGO) collection systems as an opportunity
to increase recovery of food organics from household 33.”
REA advice suggests that a successful FOGO collection system could divert, on average, up to 50% of
the food waste from source separate residual MSW waste bins in the metropolitan Melbourne
collection region. HRL evaluated the impact of a successful FOGO implementation on the physical
and elemental composition of the residual waste that could potentially represent changes in the
input feed of the facility over time. Under this possible composition, the relative percentages of
paper and plastics increase substantially (ignoring any potential offset resulting from the recent bans
on single use plastic bags). The most significant impact of this compositional variation would be that
the energy content of the MSW would increase from 8.8Mj/kg -10.1Mj/kg (as received) to around
12Mj/kg -13MJ/kg (as received) and the gasifier slag (in the absence of other concurrent
improvement in recycling practices with regard to inert materials such as glass and metals) would
increase from around 12% to 19% of the feed material. This slag would still remain a reusable
commodity and be recycled accordingly.
Paper, cardboard and liquid paper board content of the residual waste stream appears to be
decreasing although it still contributes around 10% of the mass in the bin. While it is likely that
declining newspaper volumes due to technology changes 34 are resulting in less waste from this
source the widespread use of paper products, particularly for packaging, the amount of paper and
cardboard entering the waste system is likely to increase in line with population34.
Glass comprises around 2.6% of the waste in the residual bin. Source separation at the household
appears to be working relatively well with 68% of glass recycled33. However, more than 300,000
tonnes of glass fines are stockpiled in Metropolitan Melbourne33 and the sorting, cleaning and remanufacture of glass received from the kerbside recycling stream has posed serious challenges to
the recycle industry34. The existing glass re-manufacturers have been progressively closing glass
furnaces resulting in a reduction in demand for glass cullet. This has resulted in a significant
proportion of the available glass cutlet having no end market and results in at least a portion of this
material being consigned to road base or landfill. Reuse of glass in road base or as a sand substitute
does not provide sufficient economic benefit to the recycler34 and this is likely to put further strain
on the viability of kerbside glass recycling and may result in an increase in glass entering the residual
bin system.
Recyclable plastics comprise 3% - 4% of the waste in the residual bin while non-recyclable plastics,
particularly plastic films, comprise 7%-9% of the waste in the residual bin. SWIRRP 35 has predicted
that future trends in the MSW stream are likely to include:
•
•
•

More flexible plastics reflecting the increased use of this material for packaging, particularly
food;
More plastic bottles and less glass due to the trend of using plastic containers rather than
glass (and even cans) for packaging and
Increased white goods and e-waste reflecting purchasing patterns.

Sustainability Victoria (2018) Statewide Waste and Resource Recovery Infrastructure Plan
Sustainability Victoria (2018) Statewide Waste and Resource Recovery Infrastructure Plan
34 Visy (October 2017) Waste and recycling industry in Australia Submission 43 to the Senate Inquiry.
35 Sustainability Victoria (2018) Statewide Waste and Resource Recovery Infrastructure Plan
32
33
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While improving source separation of plastics through householder education, ongoing
contamination issues particularly with broken glass, food and soil materials, continued use of plastic
films and changes in the requirements of export markets for the recycled plastic, it is unlikely that
major reductions in the plastic composition of residual waste will occur in the short or medium term.
Disposable nappies are a significant percentage of the waste in the residual bin with the average
composition from the 5 Council audits of 7.4%. These will remain part of the residual bin system and
may even increase as population rises. Other types of hazardous waste (batteries, pharmaceuticals)
are generally less than 1% of the residual waste stream and the quantities entering the residual bin
appear to be stable over the last 10 years.
REA recognises the reality that residual waste compositions will change over time in accordance with
evolving consumer consumption preferences, recycling practices and packaging innovation.

6.2.2.2

Chemical Composition

The gasification process generates a controlled series of chemical reactions to result in waste to
energy conversion and as such the facility is more appropriately recognised as a chemical processing
plant. Accordingly, the physical presentation of the residual waste processed is considerably less
important than its chemical composition. The ultimate chemical analysis is fundamental to the
performance of the proposed facility and the capability of the emissions control systems.
REA engaged HRL Technology Group (HRL) to convert the physical compositional data provided by
MRA from its residual waste audits of Melbourne council areas into its chemical composition. This
has allowed REA to determine the range of the elements that could reasonably be expected to
require processing and the reliability of the resultant emissions profile being modelled. Reporting
the residual waste in its elemental form also provided a standardised basis under which the
reference facilities performance can be reasonably compared and assessed across their operational
range with residual waste expected to be processed in Melbourne (Appendices 9 & 10).
The focus of the HRL elemental assessment was to:
•
•
•
•
•

Provide a reliable broad-based benchmarking evaluation process to produce a data set to
confirm the design specification provided to the technology provider;
Demonstrate the typical chemical component make-up of Melbourne Metropolitan MSW;
Determine the variation in chemical components of MSW samples depending on the
compositional breakdown (categorisation) for the seasons during which MSW is collected;
Provide a comparative basis to evaluate the range of MSW and other wastes successfully being
treated through identical EcoWaste gasifier technology at reference sites throughout Asia and
the Middle East;
Consider the elemental impact from the anticipated reduction in food waste in the residual
bin under a successful FOGO implementation.

The data modelling focused on the assessment of variability in key chemical components of MSW
including: total moisture, ash, Carbon, Hydrogen, Nitrogen, Oxygen, Sulphur, Chlorine, and the
resultant calorific value (lower heating value - LHV). The modelling process involved utilising the data
on chemical composition derived from the literature to estimate the chemical characteristics of
Melbourne residual MSW. The garden waste portion of literature derived chemical component
results was discounted from the data modelling because of the assumption that most – if not all –
councils providing MSW collection services in Victoria will have a three (3) bin collection system,
therefore, providing a separate green waste bin where the majority of garden waste would reside.
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Each of the compositional data sets was modelled against the literature derived data set to calculate
a theoretical ‘dry basis’ weighted average of each of the key chemical components of MSW in the
Melbourne region. An overall dry basis weighted average was then calculated from each of the
previously calculated chemical component data sets. To account for variations in chemical
components on a seasonal basis, each calculated set that pertained to a certain season was grouped
and the overall ‘dry basis’ weighted average of MSW chemical components for that season
calculated.
It was identified through literature searching, that in some cases results were also reported on an
“as received” basis. This was also relevant to REA, as their equipment supplier and other related
parties to the project often referred to chemical data on an “as received” basis. Therefore having
the ‘dry weight’ basis data set translated into an “as received” basis helped demonstrate consistency
of MSW or otherwise. Further manipulation of the calculated chemical component data was
required to convert the output from a ‘dry basis’ value to an ‘as received’ or ‘wet basis’ value. This
calculation required the derived moisture content component value from each audit to be factored
back into each of the calculated ‘dry basis’ results (i.e.: returning the moisture that was lost during
analysis of each component). Once the data had been corrected to an ‘as received’ basis, a
normalisation calculation of the Hydrogen and Oxygen content was required (Appendix 9)

6.2.2.3

Chemical Characteristics of Melbourne Residual Bin MSW

The “as received” data represents what will be presented to the WtE facility and it is this data that is
presented to show the degree of variability in composition of Melbourne residual MSW. For the
detailed data set refer to Appendix 9. This data is summarised in Tables 6-1 and 6-2. These tables
show the percentage variance of Melbourne residual MSW between seasons and between the
various council audits.
For the parameters of importance in gasification (carbon, hydrogen, nitrogen, oxygen, chlorine and
sulphur) percentage variances compared to the all audits average are generally less than 2% for all
seasons and for those councils where sufficient audit data was available. Only carbon has a higher
variance in winter and this is reflected in a lower calorific value for the residual MSW. The lower
calorific value indicated in the detailed data set (Appendix 9) is still well within the gasifier design
operational envelope which will accommodate residual waste at calorific values between 6.6MJ/kg –
13.2MJ/kg (LHV).
The percentage of ash is the only parameter where significant variation is apparent. Variations of up
to 16% are indicated during winter. This variation in ash content is also reflected in differences
between Councils with Council D exhibiting a very high average of 20.3%. While the ash content of
the residual waste will be reflected in a lower calorific value and higher production of gasifier slag
the WtE facility design can accommodate a range of calorific values and increases in the generation
of gasifier slag.
The variations observed within these audit data sets would be expected as MSW will vary from one
Council to the next and from one season to the next. The seasonal variability may be influenced by
household behaviours resulting from warm weather verses cold weather and Council variability may
be influence by characteristics such as demography differences between populations including age,
household numbers and types etc. Nevertheless the variability observed is low and overall does not
reflect any material deviation in the aggregated chemical composition of the residual waste.
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Std Dev.
All Audits

All Audits
% Variance

Std Dev.
Autumn

Autumn
Audits %
Variance

Std Dev.
Winter

Winter
Audits %
Variance

Std Dev.
Spring

Spring
Audits %
Variance

Moisture (% ar)

2.00

4.00

1.40

1.96

1.50

2.25

2.10

4.41

Ash (% ar)

3.00

9.00

3.20

10.24

4.00

16.00

2.70

7.29

Carbon (% ar)

1.80

3.24

1.30

1.69

2.30

5.29

0.70

0.49

Hydrogen (% ar)

0.20

0.04

0.20

0.04

0.30

0.09

0.10

0.01

Nitrogen (% ar)

0.06

0.00

0.04

0.0016

0.08

0.0064

0.07

0.0049

Oxygen (% ar)

0.90

0.81

1.20

1.44

1.00

1.00

0.20

0.04

Chlorine (% ar)

0.02

0.0004

0.01

0.0001

0.04

0.0016

0.01

0.0001

Sulphur (% ar)

0.01

0.0001

0.01

0.0001

0.01

0.0001

0.01

0.0001

LHV

0.80

0.64

0.50

0.25

1.00

1.00

0.40

0.16

Chemical Component

Table 6-1: Overall ‘as received’ % Variances and Standard Deviations of MSW chemical
components for Melbourne Metropolitan region with seasonal variations
Chemical Component
Moisture (% ar)
Ash (% ar)
Carbon (% ar)
Hydrogen (% ar)
Nitrogen (% ar)
Oxygen (% ar)
Chlorine (% ar)
Sulphur (% ar)
LHV

Std Dev.
All Audits

All Audits
% Variance

Council A
Std Dev.

Council A
Council B
Council B
%
%
Std Dev.
Variance
Variance

4.41
0.8
0.64
10.89
1.2
1.44
2.56
0.4
0.16
0
0
0.04
0.02
0.0004
0.0025
0.25
1
0.5
0.01
0.0001
0.0001
0.01
0.0001
0.0001
0.2
0.49
0.04
Table 6-2: Overall ‘as received’ % Variances and standard deviations of MSW chemical
components for Melbourne Metropolitan region with Council variations
2.00
3.00
1.80
0.20
0.06
0.90
0.02
0.01
0.80

4.00
9.00
3.24
0.04
0.00
0.81
0.0004
0.0001
0.64

2.10
3.30
1.60
0.20
0.05
1.00
0.01
0.01
0.70

Food and Organics (FOGO) recovery modelling was applied to the generated data set to understand
the alterations to values of MSW chemical components with reduced organic waste and
subsequently reduced moisture content (Appendix 9). FOGO was applied at rate of 50% of the initial
Organic waste category against the original MSW compositional data set (Table 6-3).
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Chemical Component
Moisture (% ar)
Moisture after FOGO (% ar)
Ash (% ar)
Ash after FOGO (% ar)
Carbon (% ar)
Carbon after FOGO (% ar)
Hydrogen (% ar)
Hydrogen after FOGO (% ar)
Nitrogen (% ar)
Nitrogen after FOGO (% ar)
Oxygen (% ar)
Oxygen after FOGO (% ar)
Chlorine (% ar)
Chlorine after FOGO (% ar)
Sulphur (% ar)
Sulphur after FOGO (% ar)
LHV (MJ/kg)
LHV after FOGO (MJ/kg)

Std Dev.
All
Audits
2.0
1
3.0
1.4
1.8
0.9
0.2
0.1
0.06
0.03
0.9
0.4
0.02
0.01
0.01
0.005
0.8
0.4
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All Audits
% Variance
4.00
1
9.00
1.96
3.24
0.81
0.04
0.01
0.0036
0.0009
0.81
0.16
0.0004
0.0001
0.0001
0.000025
0.64
0.16

Std Dev.
Autumn
1.4
0.7
3.2
1.5
1.3
0.6
0.2
0.1
0.04
0.02
1.2
0.5
0.01
0.01
0.01
0.01
0.5
0.3

Autumn
Audits
%
1.96
0.49
10.24
2.25
1.69
0.36
0.04
0.01
0.0016
0.0004
1.44
0.25
0.0001
0.0001
0.0001
0.0001
0.25
0.09

Std Dev.
Winter
1.5
0.8
4
1.8
2.3
1.1
0.3
0.1
0.08
0.04
1
0.4
0.04
0.02
0.01
0.001
1
0.5

Winter
Audits
%
2.25
0.64
16.00
3.24
5.29
1.21
0.09
0.01
0.0064
0.0016
1.00
0.16
0.0016
0.0004
0.0001
1E-06
1.00
0.25

Std Dev.
Spring
2.1
1.1
2.7
1.4
0.7
0.4
0.1
0.1
0.07
0.03
0.2
0.1
0.01
0.002
0.01
0.003
0.4
0.2

Spring
Audits
%
4.41
1.21
7.29
1.96
0.49
0.16
0.01
0.01
0.0049
0.0009
0.04
0.01
0.0001
4E-06
0.0001
9E-06
0.16
0.04

Table 6-3: Comparison of overall ‘as received’ standard deviations and % variance of MSW
chemical components for Melbourne Residual MSW with seasonal variations, with FOGO applied
The most noticeable difference in MSW chemical components with FOGO applied when compared
to the existing residual MSW is the reduction in Moisture Content. This is reduced by approximately
10 – 15% which in turn increases the values of most of the other chemical components including;
Carbon, Hydrogen, Oxygen, Chlorine and Calorific Value. Variation in the other parameters reduced
substantially throughout the seasons with the removal of 50% of the food waste with all % variations
being less than 3.2%.
Calorific values increased to an average of 12.3MJ/kg with a low % variability of <0.25% while ash
levels increased and again the degree of variation in ash content through the seasons reduced with
the removal of 50% of the food waste. The increased calorific value to 12.3MJ/kg is still well within
the operating envelope of the gasifiers (Figure 6-13) and the increased ash, which is likely to
translate to increased gasifier slag generation, is accommodated within the gasifier design.

6.2.2.4

Comparing Reference Plant Feedstock to Melbourne MSW

Following the analysis of Melbourne residual MSW, HRL subsequently plotted the various elemental
data sets derived from the original MRA physical composition audits against elemental data
collected from operational reference plants. The aim of this was to demonstrate that the operational
range of existing operating EcoWaste facilities was such that it encompassed the range of chemical
components characteristic of Melbourne residual MSW.
HRL converted each of the elemental compositional data sets provided by MRA (Appendices 8, 9 &
10) to an estimate of theoretical ‘dry basis’ weighted average of each of the key chemical
components of MSW in the Metropolitan Melbourne region. The key elements of the waste
impacting processing performance that were focused on include: Carbon, Hydrogen, Nitrogen,
Oxygen, Sulphur, and Chlorine. To focus the evaluation only on key components which will
contribute to potential emissions, each of the ‘dry basis’ data sets was further converted to ‘dry ash
free basis’. The modelled data sets are detailed In Appendix 10.
Operational data, in the form of chemical component averages from operating systems from
Reference Plants, was provided for comparison to literature and audit derived data. This data was
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converted from an ‘as received basis’ to a ‘dry ash free basis’ for comparison to literature and audit
derived components. These converted data sets and the locations the data originates from are
detailed in Appendix 10 and summarised in Table 6-4.
The ‘dry ash free basis’ converted literature and audit derived data set for Melbourne residual MSW
was compared with each operational data set provided for the 12 operational EcoWaste gasification
facilities processing MSW, Hazardous and Industrial waste streams. Note, each of the Ecowaste
gasification facilities uses identical vertical rotating gasifiers which vary only in size. Each of the
components were separately identified and compared in separate charts. The charts show the
values for the given chemical component for each of the individual audits from the Melbourne data
as well as each of the operational gasification reference data sets. This is then compared to the
maximum and minimum component values derived from the reference facility data. The first 14
points in the following graphs represent the Melbourne data set chemical component values, and
the remaining 12 points represent each of the reference facility elemental data values.
Reference Facility
Average

Reference Facility
Maximum

Reference Facility
Minimum

Carbon (% dafb)

53.6

58.6

45.4

Hydrogen (% dafb)

8.9

18.0

4.7

Nitrogen (% dafb)

1.73

3.30

0.31

Oxygen (% dafb)

33.7

42.2

16.0

Chlorine (% dafb)

1.07

6.21

0.07

Sulphur (% dafb)

0.87

3.09

0.24

Chemical Component

Table 6-4: Reference Site data chemical component average, maximum value, and minimum value on a ‘dry
ash free basis’

6.2.2.4.1

Hydrogen and Oxygen

Figures 6-4 and 6-5 compare hydrogen and oxygen levels of Melbourne residual MSW with the range
of wastes treated through identical gasifiers to that proposed by REA at internationally located
reference sites. These figures clearly show that the hydrogen and oxygen composition of Melbourne
residual MSW fits well within the range of chemical composition of the various waste materials
processed through identical gasifiers operating overseas.

Melbourne Residual MSW

EcoWaste Gasifier Facilities
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Figure 6-4: Comparison of Percentage of Hydrogen in Ecowaste Reference Facility feed and
Melbourne Residual MSW (dry ash free basis)

Melbourne Residual MSW

EcoWaste Gasifier Facilities

Figure 6-5: Comparison of Percentage of Oxygen in Ecowaste Reference Facility feed and
Melbourne Residual MSW (dry ash free basis)

6.2.2.4.2

Carbon

The carbon content of Melbourne residual MSW is generally higher than the waste treated through
EcoWaste gasifiers elsewhere (average 53.6% compared to 60.5% dry ash free basis) (Figure 6-6).
The higher carbon content does not impact on emissions but results in a higher energy valve
(calorific value) for the Melbourne residual MSW when compared to the Ecowaste reference plants
processing MSW. The design of the WtE facility has incorporated the higher calorific value of the
residual MSW resulting in a larger heat recovery system and higher power generation.

EcoWaste Gasifier Facilities
Melbourne Residual MSW

Figure 6-6: Comparison of Percentage of Carbon in Ecowaste Reference Facility feed and
Melbourne Residual MSW (dry ash free basis).

6.2.2.4.3

Nitrogen

The comparison of nitrogen levels in Melbourne residual MSW and the EcoWaste gasifier reference
sites is shown in Figure 6-7.
Melbourne residual MSW has generally higher nitrogen content than the Ecowaste reference sites
although it fits within the range of nitrogen compositions in the EcoWaste Reference Facilities. The
gasification system employed operates in a low oxygen environment which results in relatively low
generation of NOx compounds. Further, the formation of NOx compounds in the oxidation chamber
is minimised by operating the system at temperatures greater than 850Co but lower than 1150Co.
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EcoWaste gasifier systems operating on MSW have not required specific nitrogen oxide reduction
systems such as SNCR to meet emission requirements.

Melbourne Residual MSW

EcoWaste Gasifier Facilities

Figure 6-7: Comparison of Percentage of Nitrogen in Ecowaste Reference Facility feed and
Melbourne Residual MSW (dry ash free basis).
After consideration of the higher nitrogen levels in Melbourne residual waste and as a risk mitigation
measure, the design of the REA WtE facility has included additional measures to ensure that the
increased nitrogen content of the waste does not translate to increases in NOx emissions. This has
been done by:
•
•

The risk of NOx levels spikes are alleviated by the availability of the SNCR nitrogen reduction
system in the syngas combustion chamber that will activate if required;
Installation of a semi dry operating acid scrubber to remove acid gases through the
introduction of atomised alkali which includes lime and caustic soda (NaOH). NaOH has been
shown to reduce NOx concentrations in the flue gas stream 36.

6.2.2.4.4

Chlorine

Figure 6-8 compares chlorine levels in Melbourne residual waste with EcoWaste gasifier reference
plants.

36 Paul Chu & Gary T. Rochelle (1989) Removal of SO2 and NOX from Stack Gas by Reaction with Calcium Hydroxide Solids,
JAPCA, 39:2, 175-179, http://dx.doi.org/10.1080/08940630.1989.10466518
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Melbourne Residual MSW
EcoWaste Gasifier Facilities

Figure 6-8: Comparison of Percentage of Chlorine in Ecowaste Reference Facility feed and
Melbourne Residual MSW (dry ash free basis).
Waste processed through EcoWaste gasifier facilities is generally higher in chlorine than Melbourne
residual MSW (average 1.07% compared to 0.77% dry ash free basis). The EcoWaste gasifier facilities
successfully process waste with higher chlorine content than the Melbourne residual MSW. These do
show compliant chlorine levels in the emissions. This demonstrates that the flue gas treatment
systems in place are effective and that the system has capacity to process a much more adverse
concentration of Chlorine in the waste safely should inadvertent or structural change in the waste
characteristics result in an unplanned increase in concentrations. Following gasification, chlorine
reports predominantly as hydrogen chloride in the flue gas. The acid gas scrubbing systems will
reduce emissions below those required under the various SEPP’s and the emissions limits specified
in the EU Industrial Emissions Directive. Any chlorine in the flue gas is managed through the process
by:
•

Installation of a semi dry operating acid scrubber utilising lime (CaO) and caustic soda (NaOH)
to neutralise acid gases through the introduction of atomised alkali and recovery of the
reaction products by baghouse filtration;

6.2.2.4.5

Sulphur

Figure 6-9 compares sulphur levels in Melbourne residual waste with EcoWaste gasifier reference
plants. Waste processed through EcoWaste gasifier facilities is substantially higher in sulphur than
Melbourne residual MSW (average 0.87% compared to 0.2% dry ash free basis). The EcoWaste
gasifier facilities efficiently process waste with substantially higher sulphur content than presents in
Melbourne residual MSW. This substantiates that the flue gas treatment systems in place are
effective and that the system has capacity to process a much more adverse concentration of Sulphur
in the incoming waste safely should inadvertent or structural change in the waste characteristics
result in an unplanned increase in concentrations.
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EcoWaste Gasifier Facilities

Figure 6-9: Comparison of Percentage of Sulphur in Ecowaste Gasifier feed and Melbourne
Residual MSW (dry ash free basis).
Following gasification sulphur reports predominantly as sulphur dioxide (SO2) in the flue gas and the
acid gas scrubbing system will reduce emissions below those required under the various SEPP’s and
the emissions limits specified in the EU Industrial Emissions Directive. Any Sulphur in the waste is
managed through the process by:
•

Installation of a semi dry operating acid scrubber utilising lime (CaOH) and caustic soda (NaOH)
to remove acid gases through the introduction of atomised alkali;

6.2.2.4.6

Conclusion

Melbourne residual MSW has very similar hydrogen and oxygen levels in the waste when compared
to the EcoWaste gasifier reference facilities. Carbon levels are higher in Melbourne residual MSW
than the EcoWaste reference facilities but the REA WtE facility has incorporated a number of design
features which capitalise on the higher carbon content to allow a higher energy production. Higher
nitrogen levels are managed by operation of the gasifier in a low oxygen environment and the
installation of systems (SNCR) designed to minimise the impact of nitrogen spikes in the residual
waste feed. Chlorine and sulphur composition of Melbourne residual MSW is generally lower than
that processed by the EcoWaste gasifier facilities. These facilities have shown that emissions meet
EU IED limits indicating that the installed flue gas treatment systems work effectively and that the
lower levels apparent in Melbourne residual MSW will ensure that even lower emission levels will be
achieved.

6.2.2.5

FOGO Modelling and Comparison with the Reference Facility
Operational Data

FOGO modelling was applied to the audit derived data sets to understand the variation in the
chemical components of the residual metropolitan Melbourne MSW when the proportion of
organics is reduced. The impact of FOGO on the residual waste composition was modelled as a 50%
diversion of the audited food waste currently measured in residual metropolitan Melbourne MSW.
The detailed data set is attached in Appendix 9.
Similar to the analysis described above with the non-FOGO applied data set, the ‘dry ash free basis’
converted literature and audit derived data set was compared with each operational data set
supplied for the EcoWaste gasifier reference facilities (Appendix 10). Each of the components has
been compared in a separate chart. The charts show the values for the given chemical component
for each of the individual audits from the Melbourne data and each set of Reference Facility
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operational data. This then is compared to the maximum and minimum parameter values derived
from the Reference facility operational data.
The hydrogen, oxygen and nitrogen compositions of the Melbourne residual MSW fit within the
range of compositions successfully processed through EcoWaste Gasifier facilities. Carbon levels
have increased (Figure 6-10) in the Melbourne residual waste while chlorine and sulphur have
reduced relative to the EcoWaste reference facilities (Figures 6-11 & 6-12).

EcoWaste Gasifier Facilities

Melbourne Residual MSW

Figure 6-10: Comparison of Percentage of Carbon in Ecowaste Reference Facility feed and
Melbourne Residual MSW with 50% FOGO Applied (dry ash free basis).
Increasing carbon percentages as a consequence of FOGO has increased the ‘as received’ calorific
value of Melbourne residual MSW from 8.8MJ/kg – 10.1MJ/kg to 12.3MJ/kg – 13MJ/kg. The design
of the gasifiers, the heat recovery components and the flue gas cleaning system has incorporated
the potential for higher energy value in the waste. The operating envelope for the facility is from
6.6MJ/kg – 13.2MJ/kg measured low heat value on ‘as received’ waste (Figure 6-13).
As previously indicated the chlorine and sulphur compositions of Melbourne residual waste are
generally lower than the waste processed through the EcoWaste reference facilities. These facilities
have successfully processed waste at higher chlorine and sulphur levels which indicates that the
proposed REA WtE facility should effectively meet the stringent standards imposed by the various
SEPP’s and the EU IED limits. The various management systems and equipment employed to ensure
compliance with all emission limits are summarised in Section 6.2.2 above and more detail is
provided in Section 6.3.7.
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EcoWaste Gasifier Facilities

Figure 6-11: Comparison of Percentage of Chlorine in Ecowaste Reference Facility feed and
Melbourne Residual MSW with 50% FOGO Applied (dry ash free basis).

Melbourne Residual MSW

EcoWaste Gasifier Facilities

Figure 6-12: Comparison of Percentage of Sulphur in Ecowaste Reference Facility feed and
Melbourne Residual MSW with 50% FOGO Applied (dry ash free basis).

6.2.3

High Level Evaluation of the Economics of Separating
Recyclables from the Residual Waste Prior to WtE
Processing

6.2.3.1

Potential for recovering recyclables prior to gasification

The Quantity of recyclables in residual waste that could be generated from a separation facility
located prior to the gasification system is estimated in Table 6-5. However, separation of these
recyclables from the mixed residual waste stream delivered to the WtE facility would encounter a
number of challenges. These include:
•

Contamination of the recyclable materials by wet food waste, residual liquids, broken glass,
soil and hazardous waste such as disposable nappies. Contamination significantly increases
the cost to process recyclables and reduces the quantity of recyclables that can be generated.
For example, when foods or liquids are adjacent to otherwise good paper and cardboard as
they are in the mixed residual bin waste, they will saturate paper and cardboard which then
loses its ability to be recycled;
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Contamination has a direct impact on the quality of recyclables that can be generated and the
price that can be obtained. For example, China recently issued new rules on the types of
materials it will accept, including a 0.5% maximum on contamination of recyclable materials.

These challenges result in a significant percentage of some potentially recyclable materials being
rejected on contamination grounds. Table 6-5 shows the expected rejection rates from a dirty MRF
sorting system and the resultant impact this has on the tonnes of recyclables that could be
generated.

Material Type

Mixed Paper
Food/Organics (kitchen
and garden)*1
Timber (wood/timber
products)
Glass
(bottles/containers/light
globes)
Mixed Plastic
Metal (aluminium cans,
foil)
Metal steel (cans,
aerosols)

Average from
MRA provided
Council data (%)

Annual Mass
available assuming
100% Recyclables
recovered from
200,000t

Contamination
resulting in
Rejection from
Recycle Stream
(% rejection)

Annual Mass
Recyclables
discounted for
Contamination
(tonnes)

10.3

20600

70

6180

55.0

110000

45

60500

1.0

2000

0

2000

2.5

5000

10

4500

11.0

22000

20

17600

0.6

1200

0

1200

1.9

3800

0

3800

86.2
172400
98080
TOTAL
Table 6-5: Estimate of Recyclables Contained in Residual Bin Waste and Projected Contamination
Rates *1 FOGO needs composting to generate product. Composing reduces mass by around 20%, volume reduces by

around 40% and a contamination loss of 25% has been estimated.

6.2.3.2

Review of the prices paid for clean recyclables

The Australian Packaging Covenant Organisation (APCO) provides market reports 37 for recyclable
materials and these are shown in Table 6-6. This table includes recent and projected prices to the
end of 2018 and baseline values which are estimates of average commodity values from July 2015 to
June 2017 prior to the recent issues associated with recyclables destined for China.

Australian Packaging Covenant Organisation. (March 30, 2018) Market Impact Assessment Report Chinese Import
Restrictions for Packaging In Australia

37
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Table 6-6: Prices Paid for Clean Recyclables
Export volumes have remained relatively stable even as the reductions in the China market have hit
home with much of the volume being replaced by markets in Indonesia, Thailand, Malaysia, India,
Republic of Korea and Taiwan 38. Note that more recently many of these markets have tightened
contamination standards further limiting export of mixed recyclables. However, the prices received
for the commodities have reduced substantially with the waste streams most impacted being scrap
paper, cardboard and plastics. APCO analysis of commodity prices indicated that the fall in value of
mixed paper, between the baseline value and the value at the end of February 2018, has contributed
$50 /tonne (67%) of the loss in value of one tonne of kerbside Co-mingled recyclables. This was
followed by cardboard, which contributed $14 /tonne (19%) of the loss in value, and mixed plastics
which contributed $8 /tonne (11%) of the loss in value. The forecast for lower prices per tonne of
sorted kerbside recyclables by mid-2018 is mostly the result of the very low value of mixed paper for
the foreseeable future and to a lesser extent by continuing depressed prices for mixed plastics,
cardboard, PET, HDPE and glass37.
The potential price for food waste separated for reuse in agriculture, forestry or mining
rehabilitation and/or for reuse in compost or soil amendments is determined by the quantity and
type of contamination in the separated food waste, the inherent nutrient content which is generally
low, the distance the material is required to be transported as it has a low bulk density resulting a
high cost per tonne/km and the quantities of material available in the market place.
Separation of food from the residual bin system prior to entering a WtE facility would face many
challenges not the least of which would be the potential for contamination with glass, fine plastic
film and hazardous substances. NSW EPA has recently banned the use of mixed organic waste on
agricultural land and is ceasing its use on forestry and mining land until further controls can be
considered 39. NSW EPA define mixed waste organic material as “a soil amendment made
predominantly from the organic material in the household general waste (red lid bin) which was
applied to agricultural land, mine-site rehabilitation, and plantation forests”. Under these
circumstances it is unlikely that a composter or other soil amendment manufacturer would pay for
38

K S Environmental https://ksenvironmental.com.au/recycling-commodity-prices-the-china-effect/

EPA NSW (2018) Mixed Organic Waste No Longer in Use https://www.epa.nsw.gov.au/your-environment/recycling-andreuse/resource-recovery-framework/mixed-waste-organic-material-is-no-longer-in-use
39
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mixed organic waste separated prior to gasification. Discussions with existing composting facilities
confirmed that they would require payment to receive the separated organic material for
composting. Separation of the food waste at the source to maintain clean organic feedstock for
further processing is likely to be the only solution to reducing food waste entering the residual waste
stream. Consequently, this high level assessment of the viability of operating a “dirty MRF” prior to
the WtE facility has assumed that there would be limited value in the separated mixed organic waste
and included a very optimistic sale price of $5/tonne at the WtE facility.

6.2.3.3

Review of the costs of separation

6.2.3.4

Recyclables recovered after gasification

6.2.3.5

Assessment of recyclables in residual waste

MWRRG have recently reviewed advanced waste and resource recovery technologies 40 and found
that operating costs of a dirty MRF facility, like that which would be needed to separate the
recyclables from the residual bin waste, varied from $50 - $80 per tonne of capacity. Further
processing of food waste to compost through static pile composting was estimated at $50 - $65 per
tonne of capacity. This data has been used in the following assessment of the viability of pre-sorting
to recover recyclables from the residual bin waste prior to gasification.
Non-organic materials such as glass, metals, soil, ceramics etc. pass through the gasifier and are
rejected in the gasifier slag. REA has an in-principle-agreement with several recycling businesses
which will accept the gasifier slag provided it meets appropriate classification guidelines and remove
the larger metal constituents for sale before recycling the remainder of the slag into road
construction materials. At present a substantial portion of recovered glass is being recycled into road
base or sand substitutes and recycling the gasifier slag would maintain this process.
Sections 5.2.4.1 – 5.2.4.4 have reviewed the available recyclables remaining in the residue bin waste,
the price received for these commodities if separated, the costs of separation of the commodities
and those commodities that will be recycled from the gasifier slag. Table 6-7 provides a high-level
assessment of the potential income from a “Dirty MRF” operated prior to the WtE Facility. Table 6-8
provides a high-level assessment of the economics associated with installing a MRF on the residual
bin waste prior to gasification. These tables show that while some value in recyclables is contained
within the residual bin waste, the costs of separating these from the residual waste stream, even in
the best-case scenario is uneconomic when the capital costs and a return on investment are
contemplated. Further a significant percentage of the assessed value of the recovered recyclables is
in the form of metals and the majority of the metal recyclables will still be recovered from the
gasifier slag and recycled. The non-viability of sorting residual waste for recycling is further
supported by the lack of any “dirty” MRF’s operating in Victoria.
Consequently, REA have opted to process the entire residual waste stream and believe that this is
compliant with SWIRRP which has indicated that “environmental and economic benefits from WtE
are best realised when the materials cannot be viably recovered for reuse or recycling 41”. Further and
more effective separation of the recyclables at the household is a better solution to increasing
recycling rates.

MWRRG (September 2018) Advanced Waste and Resource Recovery Technologies. Metropolitan Regional Business Case
and Procurement Strategy
40

41

Sustainability Victoria (2018) Statewide Waste and Resource Recovery Infrastructure Plan
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Material Type

Mixed Paper
Food/Organics (kitchen and
garden)*3
Timber (wood/timber
products)

Annual Mass available
Average from MRA
assuming 100%
provided Council
Recyclables recovered
data (%)
from 200,000t

1

1

* Value of
Recyclables
February 2018
($/t)

* Value of
Recyclables
Baseline 2015 - 2017
($/t)

Return on 100%
recovery of
Recyclables (Feb
2018) ($/a)

Recovered Energy Australia
Laverton WtE Project June 2019
Return on 100%
recovery of
Recyclables
(Baseline 20152017) ($/a)

Contamination
resulting in
Rejection from
Recycle Stream (%
rejection)

Annual Mass
Recyclables
discounted for
Contamination
(tonnes)

Contamination
Contamination
Discounted Return
Discounted Return
on 100% recovery
on 100% recovery
of Recyclables
of Recyclables (Feb
(Baseline 20152018) ($/a)
2017) ($/a)

10.3

20600

-3

124

-61800

2554400

70

6180

-18540

766320

55.0

110000

15

15

1650000

1650000

45

60500

907500

907500

1.0

2000

?

?

2000

Glass (bottles/containers/light
globes)
Mixed Plastic
Metal (aluminium cans, foil)
Metal steel (cans, aerosols)

2.5

5000

0

0

0

0

10

4500

0

0

11.0
0.6
1.9

22000
1200
3800

75
2150
400

325
1750
350

1650000
2580000
1520000

7150000
2100000
1330000

20
0
0

17600
1200
3800

1320000
2580000
1330000

5720000
2100000
1330000

TOTAL

82.3

164600

2637

2564

7338200

14784400

95780

6118960

10823820

Table 6-7: High Level Assessment of Potential Income from a “Dirty MRF” Operated Prior to WtE Facility (*1 Australian Packaging Covenant Organisation. (March 30,
2018) Market Impact Assessment Report Chinese Import Restrictions for Packaging In Australia, *2 MWRRG (September 2018) Advanced Waste and Resource Recovery Technologies.
Metropolitan Regional Business Case and Procurement Strategy, *3 FOGO needs composting to generate product. Used $5 sale to composter at gate which would appear to be highly
optimistic considering the recent ruling of the NSW EPA on the use of mixed organic waste derived from the red bin kerbside collection system.)

"Dirty MRF"
*2

Operating Cost
Interest on Loan (10%)
Return on Investment (15%
*3

Captal Input)
Total Cost ($/annum)
Potential Income from
Separated Recyclables
($/annum)
Potential Profit/Loss

Lowest Operating Cost & Capital
Low End Return
High End Return
10000000
10000000
880000
880000

Highest Operating Cost & Capital
Low End Return
High End Return
16000000
16000000
1280000
1280000

330000

330000

640000

640000

11210000

11210000

17920000

17920000

6118960

10823820

6118960

10823820

-5091040

-386180

-11801040

-7096180

Table 6-8: High Level Economic Assessment of the Viability of Separating Recyclables Contained in the Residual Bin Waste Prior to Gasification

*2Metropolitan Waste and Resource Recovery Group (Sept. 2018) Advanced Waste and Resource Recovery Technologies,
Metropolitan Regional Business Case and Procurement Strategy
*3 Dirty MRF Capital $55 - $80 per tonne capacity = $11,000,000 - $16,000,000. Assume borrow 80% capital requirement
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Impact of Increasing Source Separation at the
Household

Considerable effort is being made by Government and regulatory authorities and waste related
associations to increase recovery of recyclable products. SWIRRP details opportunities to improve
the recovery of recyclables and those relevant to kerbside collections are summarised in Table 6-9.
Issue
Improving recovery of
food organics is a
priority of the SWRRIP
and Regional
Implementation Plans
because food organics
are highly putrescible
and contains nutrients
and energy which are
lost when disposed of
at landfill

Opportunities

Increase FOGO collection
services to increase
feedstock for reprocessing.

Considerations
Providing a cost-effective service for ratepayers
requires optimising all kerbside services when a
FOGO service is introduced
Transitioning from a garden to FOGO collection
system needs to accommodate both the
increased tonnes collected and the change in
composition of the material – food is not only
more putrescible but is likely to contain more
packaging-associated contamination like plastic
and glass
Councils may need to provide ongoing education
to the community to keep contamination rates
low enough to ensure feedstock can be used to
produce high-quality products

Reduce contamination
of the commingled
recycling stream.

Reduce contamination by
educating waste generators
and providing signage and
bins. Improve ability to
separate commingled
recyclable streams by
improving sorting capacity of
infrastructure at MRFs

Ongoing education programs for households and
businesses are needed for continuous
improvement of point source separation

Table 6-9: Summary of Mechanisms to Improve the Recovery of Recyclables from Household
MSW 42
It is likely therefore that over the life of the project, reductions in food waste in particular and
greater recovery of plastics and other recyclables will occur. The changing habits of the householder,
for example using online news rather than purchasing newspapers, increasing use of electronic
equipment etc. will also gradually change the nature of the waste collected from the residual bin
system. The proposed plant has considered the impacts of increased organics recovery through a
wider adoption of FOGO (modelled 50% reduction in organics) and has allowed for potential changes
in plastic, paper and hazardous waste such as disposable nappies composition by designing for
flexibility and for safe operation with varying waste compositions within the specified operational
envelope (Figure 6-13). The design operational envelope allows for waste with low calorific value
(LCVs) from 6.6MJ/kg – 13.2 MJ/kg. The gasification technology proposed for the WtE facility will
therefore be applicable under the range of compositional variations forecast during the life of the
project.

42

Sustainability Victoria (2018) Statewide Waste and Resource Recovery Infrastructure Plan
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Figure 6-13: Heat Load Chart and Gasification Envelope for a 100t/day Single Gasifier

6.2.5

Waste Acceptance Criteria

The definition of municipal waste has been adopted from the recent publication from the
Parliamentary Library and Information Service which defines municipal waste “as waste collected
by, or on behalf of, municipalities and includes ‘household waste originating from households (i.e.
waste generated by the domestic activity of households) and similar waste from small commercial
activities, office buildings, institutions such as schools and government buildings, and small
businesses that treat or dispose of waste at the same facilities used for municipally collected
waste 43”.
The REA WtE facility will accept residual non-hazardous MSW from the following sources:
•
•
•
•

Waste disposed to the residual bin by householders at kerbside collections by or on behalf of
Councils and specifically excluding source separated recycling collections;
Residual waste derived from waste transfer stations operated by or on behalf of councils;
Organic waste collected on behalf of councils from small commercial businesses;
Residual waste generated by MRF’s that cannot be recycled and which was destined for
landfill.

The predominant waste supplying the WtE facility will be from the Council residual bin kerbside
collection. While limited quantities of inappropriate waste (electronics, batteries, pharmaceuticals)
enter this waste stream, the quantities are small (around 1% - average from HRL analysis) relative to
the total residual waste stream. Further, the Victorian Government has invested $16.5 million
43

Otter C. (2018) The Circular Economy. Research Note No. 10, Department of Parliamentary Services, Parliament of
Victoria. http://apo.org.au/sites/default/files/resource-files/2018/10/apo-nid198946-1179331.pdf
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dollars in e-waste collection and storage infrastructure which will reduce this waste class entering
the residual bin system. Of particular importance in this context is the quantity of halogenated
compounds expressed as chlorine in the waste which can impact on the formation of dioxins and
furans in the WtE process. It is generally accepted that when combustion gases are heated to a
minimum temperature of 850oC for a residence time of 2 seconds that dioxins/furans and other
precursor chemicals will be destroyed. However, this is somewhat dependent on the quantity of
halogens in the waste material. If, halogen content expressed as chlorine is greater than 1% then the
IED requires that the temperature be raised to a minimum of 1100oC.
Chlorine concentrations in Melbourne residual waste have been estimated as 0.32% in the HRL study
and as such require a temperature of treatment of at least 850oC. The proposed WtE facility gasifier
is designed to generate a minimum of 850oC in the gasifier for at least 2 seconds and as such meets
the criteria. The proposed WtE system provides an additional safeguard to accommodate any future
increases in the halogen content of the residual waste as the secondary syngas oxidation chamber
operates at 1100oC – 1200oC which satisfies waste with higher halogen content. This highlights the
flexibility of the proposed residual waste treatment system.
Waste will only be accepted from contracted Councils and MRF’s and these contracts will include
clauses which define the meaning of residual waste in the context of the REA facility and specify
those waste types that will not be accepted at the WtE facility. The waste supply contracts will be
developed in consultation with the suppliers of the waste and will allow rejection of loads at the
suppliers cost for breaches of the waste specifications. Waste supply contractors will be provided
with key cards or they will provide registration numbers and access will be managed from the
central control room, to enable trucks to enter the site through the boom gate. Un-contracted trucks
will not be able to enter the WtE facility. The WtE plant will only produce energy from residual MSW.
It will not process wastes such as:
•
•
•
•
•
•
•
•
•

Large electrical equipment;
Polychlorinated compounds;
Asbestos and other insulation materials;
Herbicides, insecticides or fungicides;
Paints, solvents and their residues;
Gas cylinders;
Batteries;
Clinical or medical waste;
Hazardous waste.

Every truck carrying waste entering the WtE facility will be directed to automated bi-directional
weighbridges where the weight and time of arrival of the truck will be recorded in the central
control room for later use in regulatory reporting. Traffic lights will be installed on the ramp to the
arrivals hall to inform arriving trucks whether they can proceed to the arrivals hall.
While the kerbside bin system will prevent large items entering the waste stream, any of these items
such as white goods, car batteries, television sets etc. that do get into the system will be removed by
the waste pit crane operator and consolidated in hooklift bins outside of the arrivals hall area where
they will be returned to the supplier. Oversize items which meet specifications will be further
processed in a shredder which returns the shredded waste to the waste pit.
Random compliance audits of waste supplied from transfer stations or MRF’s will occur with the
number subject to negotiation with the waste supplier and the regulator. An annual bin audit of the
residual bin is normally conducted by Councils and REA will request access to this data for
assessment.
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6.3 Detailed Description of Process and Technology
6.3.1

Overview of Process

Based on a nominal feed rate of 200,000 tonnes of residual waste per annum at a projected average
calorific value of 11.3 MJ/kg (assumes partial uptake of FOGO before 2022) the WtE facility is
expected to produce a nominal 17.2 MW. The major components of this WtE system are the; MSW
feeding system, gasification system, waste heat recycling (power generation) system, flue gas
cleaning and emission control system, automated operational control system and the online
monitoring system. The generalised flow sheet for the system is shown in Figures 6-14 and 6-15).
REA proposes to install six gasifiers combined into 3 trains with the throughput varying according to
the calorific value of the MSW. Based on the projected average calorific value of the residual bin
(11.3/kg) 44, the design throughput is estimated to be 600t/d. It is expected that the calorific value of
MSW will gradually rise over time as households increasingly remove organics from the residual bin
as the current FOGO programs and supporting education improve householder adoption of this
source separation program. As food waste becomes a smaller percentage of the overall MSW
composition the net calorific value of the residual waste bin is likely to rise. At lower calorific values
the process throughput will trend toward the maximum design capacity while at higher calorific
values maximum throughput will fall.
MSW is delivered to the site by refuse collection vehicles that will enter an enclosed arrival zone.
The refuse collection vehicles will back up to the pit and discharge directly into the waste pit. There
is no pre-treatment of the MSW prior to entering the waste pit. All the EcoWaste WtE gasification
based systems are fed with unprocessed MSW (Plate 6-1). These facilities have been working
effectively meeting technical specifications since the first plant was commissioned in 2005. Oversize
waste that enters the waste pit and meets the selection criteria will be picked up by the grab crane
and processed through a shedder to minimise the risk of blockages in the gasifier feed system. Other
oversized material, should it enter the waste pit will be removed by the grab crane and returned to
the waste supplier.

Study of Residual Bin MSW Commissioned by REA and conducted by HRL Technology Group in 2018 Compositional Make
up and Chemical Characteristics of Residual Bin MSW showed a range from 8.988Mj/kg – 12.3Mj/kg with FOGO. REA have
assumed that at least part implementation of FOGO by 2021 and have adopted a projected calorific value of 11.3Mj/kg.
44
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Plate 6-1: Typical View of Waste Pit Depicting the Composition of MSW Treated in EcoWaste
Reference Facility 2.
The arrival zone is maintained under negative pressure to prevent odour escape. Negative pressure
in the arrivals hall and waste pit is maintained as the air required to operate the gasifiers and syngas
combustion chambers is drawn from this area. The vehicles turn and then back up to the MSW
waste pit where proximity switches operate a second set of doors and tip waste into an enclosed
waste pit. The waste pit is also kept under negative pressure essentially acting as a secondary airlock
to ensure odours cannot escape the facility. Overhead cranes mix the waste and deliver it to a step
feeder that progressively directs waste into the gasifiers.
The waste is dropped into feed hoppers with chutes that feed the 6 vertical rotating gasifiers from
above. The waste moves down through double rollers that control the flow rate of the waste as it
passes into the opening of the gasifiers where the levels of air input (oxygen) are controlled to
ensure insufficient oxygen is available for combustion. The MSW progresses downward through the
gasifiers and passes through various heating zones where it is dried, undergoes pyrolysis and then
gasification at progressively higher temperatures which chemically decompose the contained
organic materials in the waste.
An important qualification in the selection of gasifier technology is that this process does not
combust the MSW (due to the absence of sufficient oxygen), rather it heats it to a high temperature
≥850oC) where the organic molecules break down and produce a synthesis gas (syngas). The syngas
is directed to an attached oxidation chamber where it is combusted to generate heat which
produces the steam required to operate steam turbines and generators to realise the recovery of
dispatchable energy from the waste.
Non-organic materials in the MSW move downward to gasifier grates (grates rotate relative to the
gasifier) where they are partially cooled by the incoming air and discharged as slag into a quench
pool. The slag is periodically removed to a slag storage tank and it is expected that it will be
consigned off site for recycling into road base. Sampling of the slag during operations will be
required to allow appropriate classification prior to recycling occurring. In the unlikely event that
analysis of the slag indicates that it cannot be recycled it will be consigned to landfill.
The Syngas generated in the 6 gasifiers is directed to 3 process lines each of which contains a
secondary oxidation chamber. In the secondary oxidation chambers, air addition is increased to
allow combustion of the syngas at temperatures 1100oC – 1200oC. At this temperature the system
also provides for near complete destruction of residual organics in the flue gas stream. The hot gases
of combustion are then directed to the heat recovery boiler system. The boiler initially includes
empty zones which allow partial cooling to reduce the risk of deposits building up on the heat
recovery components. Heat recovery is achieved by passing the hot flue gas over super heater tube
bundles and other convective heat recovery tube elements which efficiently convert heat from the
flue gas to steam within the tube bundles.
The high-pressure steam created is directed to 2 steam turbines where the energy in the steam
drives the turbine blades converting the mechanical energy to electricity in the generator. The steam
turbines are rated to accept steam from the 3 boiler trains operating at their maximum continuous
rating. Steam leaving the turbines is condensed in an air-cooled chiller system and returned to the
steam circuit. A small percentage of the electricity generated is used to operate the plant with the
majority of the output being passed through transformers that step up the voltage to make it
available for dispatch through the electricity grid or directly to adjacent industrial energy users.
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Figure 6-14: Overview of a Typical Gasifier System Treating MSW
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Figure 6-15: Waste to Energy Process Flow Sheet
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The secondary oxidation chambers and boilers are maintained under safe vacuum conditions to
prevent the escape of hot combustion gases to the atmosphere. The vacuum conditions are
maintained by the induced draft fans in each of the 3 processing trains. The fans draw the flue gases
after cleaning up the stack. Each train has a separate fan and flue inside the stack to allow
monitoring of the individual trains and the stack height (38m) has been designed to achieve effective
dispersion to achieve the ambient air State Environment Protection Policy (SEPP) requirements
(Section 10).
Flue gas leaving the heat recovery boiler system is directed through an acid gas removal tower
where alkali (lime and caustic soda) is sprayed into the gas stream. This removes acid gases such as
sulphur dioxide, hydrogen chloride and hydrogen fluoride. This system also removes a portion of the
nitrogen oxides and the semi-volatile intermediate metals such as arsenic (As), lead (Pb), tin (Sn),
zinc (Zn) should they be present in the flue gas. Powdered activated carbon is injected into the flue
gas stream following acid gas removal to absorb other volatile metals such as mercury (Hg) or
potential residual or reformed organic contaminants such as dioxin and furan.
Oxides of nitrogen emissions are minimised by the low air to waste ratio, the low oxygen
environment in the gasifier and the operating temperatures in the secondary combustion chamber.
Ecowaste gasifier reference plants operating on MSW have successfully achieved IED emission
guidelines for nitrogen oxides without additional flue gas treatment. However, as a risk mitigation
measure, and in recognition that the nitrogen levels in Melbourne residual MSW are generally
higher than those processed in the reference facilities, REA will install a Selective Non Catalytic
Reduction system (SNCR) for nitrogen oxide control on each processing line. These will be operated
if nitrogen oxide levels exceed the required operational limits.
Particulates, acid gas treatment residues and powdered activated carbon entrained in the flue gas
stream are captured in the filter bag house. Cooled flue gas is then directed to a stack which is
sufficiently high to ensure appropriate dispersion of the exiting gases.
Particulates and flue gas treatment residues removed in the filter bag house are periodically
discharged onto a closed conveyer system which conveys the residues to a storage silo. This material
can contain metals and organic molecules and is likely to require stabilisation with chelating agents
and cement prior to disposal to an appropriately licensed landfill.
The gasifier is the unique component in the proposed system. This technology has matured
substantially since its initial use on MSW in the mid-1990’s and the technology supplier chosen has
installed or is in the process of installing 17 of these units in China, Iran, Thailand and Indonesia.
Ecowaste gasifier systems have been operating on MSW since 2005 and have shown that they can
successfully meet Victoria’s relevant emission compliance criteria. The balance of the technology
included in the facility is relatively standard in the thermal WtE sector utilising similar boilers, flue
gas treatment and in its use of a filter bag house for particulate recovery.
Operating the gasifier in a depleted oxygen environment, the high combustion temperature in the
syngas combustion chamber, acid gas removal in the acid tower, volatile metal and organic molecule
removal on activated carbon and removal of particulates in the filter bag house, has been shown in
the reference facilities to result in emissions that meet ambient air quality criteria specified in the
State Environment Protection Policy (SEPP), the emissions standards set out in EU Industrial
Emissions Directive (2010) and the EU Best Available Technology Guidelines (2006 and Draft 2017)
(Sections 6.3.1.4, 10 &16) .
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Inputs and Outputs to the Process

Generalised mass and heat balance diagrams for the range of calorific values and ash contents
predicted from the waste audits of kerbside residual waste bins, projections of the impacts of the
adoption of FOGO and a design point projection for the year 2022 are attached in Appendix 5.
Figure 6-16 and Table 6-10 provide a generalised mass balance for the WtE facility at the projected
composition likely at the start of the Project. This assumes a partial adoption by Councils of the
FOGO program which will reduce food waste in the residual bin while increasing the percentage of
inert material reporting to the gasifier slag and increase the calorific value of the waste generating
additional energy. While REA have adopted this waste composition as the design point where a
nominal 600 t/d will be processed, the proposed facility is capable of processing residual waste with
calorific values between 6.6MJ/kg – 13.2MJ/kg. At lower calorific values the WtE facility will be
capable of treating more than 600 t/d while at higher calorific values the facility will treat lower
quantities of residual waste.
The generalised mass balance shows the main inputs and outputs from the proposed WtE facility.
These are summarised in Section 6.3.1.2 - 6.3.1.4. Section 6.2.2.4 has compared the composition of
Melbourne residual waste with the range of wastes treated in identical gasification units at
reference facilities and indicates that Melbourne residual waste is sufficiently similar in the critical
contaminants. The emissions data presented in Section 6.3.1.4 shows that these plants have been
able to meet IED emissions limits. This data also provides some perspective on the compositional
limits which the gasification facility can accommodate (eg. the reference plants have shown they can
accept waste with sulphur and chloride concentrations 3 times and 1.4 times respectively higher
than the concentrations currently in Melbourne residual waste). It should be noted however, that
these concentrations are not limits as the levels of acid gases and/or volatile metals and/or
dioxin/furan are managed in the facility by the addition of alkali and activated carbon and the
quantities of these reagents added can be increased to manage any increases in any of the
contaminants in the residual waste. Indeed the same gasifier technology and flue gas treatment
systems have been installed to treat medical and hazardous waste with considerably higher
contaminant concentrations in the feed materials.
Mass Inputs
Raw Materials: Residual MSW
(11.3MJ/kg, 34.5% moisture & 17.7%
Ash)

Quantity
(t/a)
200,000

Mass Outputs

Quantity
(t/a)

Gasifier Slag

35400

Boiler Ash

1180

Acid Gas Scrubber
Bottom Ash

Combined
with
baghouse
ash

Baghouse Filter Ash

3600

Total Mass Outputs

40180

Table 6-10: Generalised Mass Balance for WtE Project
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Summary of Key Inputs to WtE Process

Inputs used in the process are:
•
•
•
•
•
•

Raw Materials (residual MSW)
Water for the production of steam;
Electricity, diesel and waste wood used on start-up of the gasifier and process chain;
Alkali used to remove acid gases from the flue gas;
Urea which is added to the Selective Non-Catalytic Reduction (SNCR) nitrogen oxide control
system; and
Activated carbon to ensure removal of any potential for volatised metals, aliphatic and
aromatic hydrocarbons, dioxins and furans in the flue gas.

6.3.1.2.1

Raw Materials

The raw material input to the Project is primarily residual waste from the multi-bin household
collection system for MSW together with lesser quantities of residual waste from transfer stations
and MRF’s. REA engaged MRA Consulting Group and HRL Technology Group (HRL) to undertake
studies of the compositional make up and chemical characteristics of MSW. This was done to
determine the Melbourne metropolitan average residual MSW compositions (from actual audit
data) in order to validate a practical representative analysis of the elemental baseline levels
expected to be found in the targeted residual MSW input stream. The study also included a
determination of the average Calorific Value as well as Total Moisture and ash levels (Appendices 9
& 10). The study also involved determination of the elemental baseline data of an average MSW
sample with and without a reduced Food and Organics fraction as a result of a successful FOGO
program.
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Outputs
H2O (m /d)
496.3
3

WtE Plant Components

Emissions
(See Sections 6.3.1.4 & 10.7.6)
Daily Average Emissions
PM10 (mg/m3) NOx (mg/m3) SO2 (mg/m3) HCl (mg/m3)
≤10
≤160
≤50
≤10

SNCR urea injection
when required
Max rate
160kg/h

Exhaust Steam to
Condensor for
Recycle to Boiler
Water

Steam Turbine and
Generator
Steam

Waste fed
to Gasifiers
by grab
Cranes
25t/h

Arrivals Hall
and Waste
Bunker
See Section
6.3.2

Process Air
drawn from
Arrivals Hall
and Waste Pit
48.5 m3/h

Quench
Recycled
Process Water
(makeup
water from
WTP reject &
boiler
blowdown)
1.2 m3/h

6 Gasifiers
combined
into 3
Process
Trains

Gasifier Slag
4425 kg/h
See Section
14.3.3.2.1.1

Recycled to Road
Materials and
metals Separation
by Third Party

Syngas Combustion
Chambers

Boilers

Flue Gas Treatment
(See Sections 6.3.7 & 6.3.8)

Process Air
drawn from
Arrivals Hall
and Waste Pit
113 m3/h
Boiler
Bottom Ash
147 kg/h
See Section
14.3.3.2.2
Circulating
Process
Water
102.6 m3/h

Makeup
Process
Water
13.2 m3/h

WTP for
Boiler
Water

Stack
(See
Section
10.7.5)

Continuous
Emissions
Monitoring
System
See Section
6.3.9

Inputs

Residual
Waste
moisture
34.5% & Ash
17.7%
See Section 6.2

HF (mg/m )
≤1
3

Hydrated Lime
(applied as an
atomised spay to
acid gas
scrubber)
303 kg/h (CaOH)
See Section 6.3.8

Recycled
Process
Water
(makeup
water for
alkali, WTP
reject &
boiler
blowdown)
1.625 m3/h

Activated
Carbon
15kg/h
(See Section
6.3.8)

Acid
Scrubber
Bottom Ash
See Section
14.3.3.2.2

Bag House Filtration
(See Section 6.3.8)

Acid
Scrubber
Bottom Ash
443 kg/h
See Section
14.3.3.2.2

Stabilised on site
with Cement and
Chelate and
disposed to
Appropriately
Licensed Landfill

Figure 6-16: Generalised Mass Balance for the WtE Facility
137

Works Approval Application

6.3.1.2.1

Recovered Energy Australia
Laverton WtE Project June 2019

Energy

On start-up the Project requires energy to activate equipment and bring the system up to operating
temperature. Once operating the system is self sustaining and does not require additional energy
input other than that embodied in the MSW. Table 6-11 shows the energy inputs required for the 824 hour start-up process prior to commencing the residual MSW feed.

Source

Energy

Electricity from Grid
(kWh)

33,600

Diesel (Litres)

21,176

Wood (Tonnes)

120

Table 6-11: Energy Inputs on Start-up

6.3.1.2.2

Electricity

6.3.1.2.3

Mains Water

This Project will only require the input of grid supplied electricity during start-up. During start-up,
electricity will be drawn from the grid for a period of up to 24 hours until the process reaches a
steady state. A sequential start-up procedure will minimise electricity requirements with the
quantity of external electricity required anticipated to be around 33,600kWh.
Water required to top-up the process will be drawn from the mains water supply. The water balance
for the Project is shown in Section 9.1. Water conservation design principles have been integrated
into the process to minimise potable water use. Mains water inputs to the site are expected to be
approximately 100,000m3/annum.
The incoming MSW supplies around 30% of the water inputs to the system. Mains water input is
required to supply the water treatment plant (WTP) which provides water to the heat recovery
steam generation system (HRSG) and to add makeup water to the gasifier jacket and alkali mixing
tank. Water is also generated in the gasifier from the reaction of hydrogen in the syngas with the
oxygen present in the input air.
Waste streams from the WTP are used to makeup alkali for acid scrubbing and in the fly ash
stabilisation process. REA propose to install rainwater capture from the roof and this will contribute
on average around 8m3/day. Air cooled chillers have been chosen in preference to cooling towers to
reduce mains water consumption and no waste water is generated from the process and
consequently a Trade Waste Agreement is not required. Table 6-12 summarises the water balance
and indicates that the water inputs are balanced by losses to evaporation and losses in solids
removed from the system.

138

Works Approval Application
Input Water
Mains Water

Recovered Energy Australia
Laverton WtE Project June 2019
m3/day
303.3

Captured Rain Water

8

Output Water
Stack Emissions

496.3

Gasifier loss evaporation

57.6
14.4

Water generated in gasification
process (H2+0)

206

Gasifier Loss – water in slag

Water in MSW

207

Water loss in Fly Ash treatment

Total

724.3

m3/day

20

Line loss (steam traps etc.)

94.6

Miscellaneous water loss washdown etc.

30

Loss in Domestic Sewerage

11.4

Total

724.3

Table 6-12: Generalised Water Balance for the Project *combination of hydrogen and oxygen occurs in
the gasifier and adds to water to the emissions from the stack.

6.3.1.2.4

Diesel

6.3.1.2.5

Waste Wood

6.3.1.2.6

Alkali

On start-up, energy needs to be added to the system to bring the syngas oxidation chamber up to
operating temperature. The facility will require approximately 21,176L/annum of diesel for this
purpose.
Clean waste wood suitable for use as boiler fuel will be used to initially bring the gasifier up to
temperature. Each gasifier requires wood for a cold start-up and assuming the each gasifier is taken
off line for maintenance on an annual basis, the total annual consumption of wood is estimated to
be around 120 tonnes. The wood will be sourced as clean sorted wood from MRF’s. The gasifiers are
started sequentially and wood will be sourced as required in 12 tonne truck loads which will be
loaded into the gasifiers as it is received. No waste wood will be stored on site. The gasifiers are
loaded by hand which allows inspection of each billet as it is loaded. Wood contaminated with
copper chrome arsenate or creosote will be separated and returned to the facility supplying the
“clean” wood.
The primary acid gas scrubber operates by adding hydrated lime (Ca(OH)2) and caustic soda (NaOH)
solution to neutralise sulphate, chlorides, fluorides and to a lesser degree nitrogen compounds.
Incorporation of NaOH in the active alkali mixture has been shown to improve NOx removal 45 as well
as ensure compliance with all other acid gases (SO2, HCl, HF).
Hydrated lime will be delivered to the site in bulk. The lime is delivered dry and blown into a silo
designed to accommodate 60t of lime. The dry lime requires transfer by screw conveyer to a mixing
tank where recycled plant water is added to generate a slurry mixture of approximately 20% w:v.
Lime consumption is anticipated to be 2786 t/a.
Caustic soda will arrive at the site in intermediate bulk containers (IBC’s) at a concentration of 30%.
Caustic soda is directly fed into the acid gas tower alkali supply tank using a dosing pump. The
45 Paul Chu & Gary T. Rochelle (1989) Removal of SO2 and NOX from Stack Gas by Reaction with Calcium Hydroxide Solids,
JAPCA, 39:2, 175-179, http://dx.doi.org/10.1080/08940630.1989.10466518
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consumption in the acid tower has been estimated at 200,000L/a using 30% caustic soda
concentration.

6.3.1.2.7

Urea

One of the outstanding features of gasification technology when treating MSW is the very low
emissions of NOx generated in the process. The EcoWaste technology proposed for the Project has
demonstrated that the EPA standards for NOx emissions can be consistently met without the
installation of selective non-catalytic reduction (SNCR) or selective catalytic reduction (SCR) systems.
This is a major advantage of the gasifier over other thermal treatment pathways.
Despite the expectation that NOx emissions will be within acceptable parameters, acknowledging
that the nitrogen levels in Melbourne residual waste are higher than the reference sites and as a risk
minimisation measure, the syngas oxidation chamber will be specified with an SNCR NOx control
system. Should NOx levels increase to the point where additional control systems are required then
urea will be added to the selective non-catalytic reduction (SNCR) nitrogen reduction system. NOx
levels are monitored in real time so that in the event elevated levels are detected, a feedback
operational control loop activates the SNCR urea dosing process in the syngas combustion chamber.
Urea (NH2CONH2) injected into the syngas combustion chamber, where temperatures range
between 1100oC and 1200oC, causes it to react with any NOx formed in the combustion process
resulting in the conversion of the NOx to nitrogen (N2) and also in the production of CO2 and H2O.
Urea is a preferred additive to ammonia (NH3) as it is easier and safer to handle and store. The
generalised reactions are:
NH2CONH2 + H2O
4NO + 4 NH3 + O2

6.3.1.2.8

2NH3 + CO2
4N2 +6H2O

Activated Carbon

Metals with high melting and volatilisation temperatures tend to report in the gasifier bottom slag.
However, some metals are easily volatilised (Hg, Cd), others are partially volatilised (As, Pb, Sb, Zn)
and even those metals with high volatilisation points generate some metal aerosol products in the
gasifier or syngas oxidation chamber (eg. Cu). Many of these metals will condense as temperatures
reduce in the flue gas and be absorbed onto particulates generated in the fly ash or react with the
alkali injected into the scrubber and will be removed from the flue gas in the baghouse. However,
some metals, particularly Hg and Cd can remain in concentrations of concern in the flue gas. To
ensure emissions are not compromised the system incorporates additional flue gas treatment where
any residual contaminants are adsorbed onto powdered activated carbon. Any potential for dioxins
and furans to form in the cooling flue gas is also managed by adding powdered activated carbon
which also adsorbs any residual hydrocarbons. The powdered activated carbon is then removed in
the bag house filter.
It is expected that approximately 19.5kg/h of activated carbon will be added to the flue gas stream
reflecting an annual consumption of 157t/a.

6.3.1.2.9

Chemical Water Treatment Reagents

The plant incorporates an ultra filtration/reverse osmosis water treatment system and a mixed ion
exchange bed for the treatment of mains water prior to use in the boiler system. These systems use
various chemicals for cleaning and additional chemicals are added to the boiler water streams for
the control of corrosion, scale and biofouling. These chemicals are listed in Table 6-13. They will be
stored in a specialised chemical storage area where appropriate segregation and bunding is installed.
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Chemical

Concentration

Approximate Usage per Annum

Sodium hydroxide

32%

5000 L

Sodium Hypochlorite

10%

720 L

Hydrochloric Acid

32%

1550 L

Sodium sulphite

Solid

640 kg

Scale inhibitor (EDTA)

38%

400 kg

Sodium phosphate

solid

2912 kg

Sodium Humic Acid

solid

2113 kg

Table 6-13: Chemical Water Treatment Reagents

6.3.1.3

Summary of Key Outputs to WtE Process

The key outputs from the facility will be electricity together with the waste streams from gasification
and from flue gas treatment. The solid wastes generated from the proposed WtE facility are; gasifier
slag, boiler ash and baghouse ash. Emissions from the stack are an important output and these are
addressed separately in Section 6.3.1.3.

6.3.1.3.1

Electricity

6.3.1.3.2

Solid Waste

The Project will generate approximately 17.2MW of electricity with a proportion being used within
the MSW processing operation. The energy balance for the Project is shown in Appendix 11 and this
balance shows an internal power consumption of 2.1MW. This will then provide around 15.1 MW of
base load power available for dispatch to the grid.
Slag discharged from the gasifier and particulates captured and then discharged from the filter bag
house are the major solid wastes generated. Small quantities of particulates are also generated in
the boiler and from the base of the flu gas scrubbing tower (Table 6-14).
Six Gasifier modules of 100t/d for 600t/day capacity
Inputs

Quantity t/d

% of Feed

Outputs

Quantity t/d

% of Feed

MSW from kerb side
collection – Residual
Waste

600

100

Gasifier Slag

106.2

17.7

Boiler Ash

3.5

0.59

Baghouse Ash

10.6

1.8

TOTAL

120.1

20.1

Table 6-14: Waste Input and Output Mass Balance
6.3.1.3.2.1
Gasifier Slag
Gasifier slag quantities vary with the quantity of non-organic materials in the MSW and are expected
to be 14% - 19.3% of the feed on an ‘as received’ basis based on MSW derived from the household
waste segregation bin system widely applicable across metropolitan Melbourne (Section 6.2) and
assuming an adoption of FOGO. It is expected that an average of around 106t/d (35,400t/a) of
gasifier slag will be produced based on the nominal throughput of 200,000t/a for waste with an LCV
of 11.3Mj/kg. Following experience in China and elsewhere, testing of reference site gasifier slag in
Australian laboratories and comparison with EPA Solid Industrial Waste Hazard Categorisation and
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Management Guidelines (IWRG631) 46 it is expected that this will be low in contaminants and
suitable for recycling into clean fill, road base, bricks or tiles. Further analysis of the slag during
operations will be required to determine classification and the suitability for recycling. More detail
on the characteristics of the gasifier slag is presented in Section 14. Recycling of the gasifier slag,
should this be proven appropriate, would result in a diversion rate of MSW from landfill of more
than 97%. In the event that sampling during operations showed that the slag was unsuitable for
recycling it would be consigned to an appropriately licensed landfill.
6.3.1.3.2.2
Boiler Ash
Particulates are generated in the gasification stage of the process. While the organic component of
the majority of these particulates is destroyed in the syngas oxidation chamber, small quantities of
particles are entrained with the exit gases and enter the heat recovery boiler system. Some of the
courser particulates settle out and are removed from the boiler as boiler ash. It is expected that
around 3.5t/d (1180t/a) of boiler ash will be generated. Testing of reference site boiler ash has
shown that this ash is relatively clear of contaminants and could be classified as industrial waste.
Provided sampling of the boiler ash during operations allows it to be classified as industrial waste
and is suitable for recycling, then it will be combined with the gasifier slag for recycling. More detail
on the characteristics of the boiler ash is presented in Section 12. In the event where operational
sampling shows that this material is not suitable for recycling it will be mixed with the baghouse ash
and stabilised prior to disposal to appropriately licensed landfill.
6.3.1.3.2.3
Baghouse Ash
Flue gas enters the bag house carrying any residual particulates from the gasification/syngas
oxidation process, the reaction products of acid gas neutralisation (calcium chloride (CaCl2), calcium
sulphate (CaSO4), calcium sulphite (CaSO3), unreacted Ca(OH)2, reaction products of base metals and
powdered activated carbon from the final organics and the volatile metal polishing system. These
particles collect on the outside of the filter bags in the baghouse. The dust cake is periodically
dislodged from the filters and drops to the base of the bag filter hoppers where it is periodically
discharged into a secure collection, transfer and treatment system. It is expected that around
10.6t/d (3600 t/a) of fly ash will be generated that will contain the residual products of the flue gas
cleaning system. Testing of baghouse ash from reference sites in Australian laboratories indicates
that they contain varying quantities of volatile base metals and dioxin/furans (Section 14). The ash
will potentially contain levels of contaminants that would classify it as a prescribed waste and if this
is demonstrated to be the case during operational sampling, it is likely to require treatment prior to
disposal to an appropriately licensed landfill.
6.3.1.3.2.4
Flue Gas Acid Scrubbing Tower Residue
Alkali is sprayed into the flue gas stream in the acid scrubbing tower. A small quantity of the larger
droplets may move downward through the gas stream and will be collected in the ash hopper at the
base of the scrubbing tower. This material is periodically discharged to the Bag house fly ash
processing system.

6.3.1.4

Emissions

The emissions to air from the stack of a WtE facility are highly regulated and the facility is required
to operate continuous emission monitoring systems (CEMS) to show compliance with regulations.
The main factors requiring emission control in the process are; the levels of acid gases (SO2, HCl,
NOx), particulates (PM10, PM2.5), Carbon Monoxide (CO), ammonia, volatile metals (eg. mercury (Hg)
and post combustion synthesis products of hydrocarbons such as poly-aromatic hydrocarbons
(PAH’s) dioxins and furans. Detail on the flue gas treatment systems are found in Sections 6.3.6 and
46

EPA Victoria (2009) Solid Industrial Waste Hazard Categorisation and Management
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6.3.7. A summary of the multiple discrete processes and systems management strategies that are
best practice and in combination, serve to control and ensure emissions are minimised is provided
below:
•
•
•
•
•
•
•

Maintaining gasifier temperatures ≥850oC and syngas combustion chamber temperatures
between 1100oC – 1200oC to induce near complete destruction of all hydrocarbons including
the char generated in gasification;
Controlled air flow through the gasifier maintains a low oxygen environment which minimises
the potential for the generation of particulates;
Gasification in a low oxygen environment minimises the formation of NOx compounds with
the syngas combustion chamber operating temperatures above 1100Co but lower than 1150
Co also ensures the production of NOx in the flue gas is minimised;
The risk of NOx levels spikes are alleviated by the availability of the SNCR nitrogen reduction
system in the syngas combustion chamber that will be activated if required;
Installation of a semi dry operating acid scrubber to remove acid gases such as sulphur dioxide,
hydrogen chloride and hydrogen fluoride through the introduction of atomised alkali;
Installation of a powdered activated carbon injection system that dispatches activated carbon
into the flue gas to capture and remove volatilised base metals and reformed hydrocarbons
such as dioxins and furans;
Installation of a baghouse flue gas filtering system to capture the products of acid
neutralisation, the activated carbon and any particulates prior to reaching the stack.

Air emissions must be managed in accordance with the State Environment Protection Policy (Air
Quality Management) SEPP (AQM)) 47. Further, EPA Victoria require that “emission discharges, under
both steady and non-steady state operating conditions, meet all the emissions standards set in the
European Union’s Waste Incineration Directive 2000/76/EC (WID), which was recast into the
Industrial Emissions Directive 2010/75/EU (IED) 48.
Modelling of Reference Facility emissions data shows that none of the Scheduled modelled
parameters exceeded the SEPP AQM at the sensitive receptors under normal steady state operating
conditions or under upset conditions. The SEPP also includes Schedule A which prescribes the
various waste classes (Classes 1, 2, 3) and the associated design criteria which will apply to emissions
from new industrial premises. Specific information on emissions is presented in the Air Emission
Assessment, Section 10 in this submission.
Table 6-15 shows the predicted emissions for steady-state conditions modelled for the worst case
year as a percentage of the SEPP (AQM) limits. It shows that for all the parameters modelled no
parameter is more than 11% of the SEPP limits at any of the sensitive receptors and for the critical
Schedule A substances such as lead, mercury and dioxin/furan the levels predicted at the receptors
are all less than 0.4% of the SEPP limits. It should be noted that the modelling was based on using
the average of all emissions data including the outliers to represent normal steady state conditions
and maximum emission concentrations from any of the reference facilities to represent upset
conditions. These facilities do not incorporate the additional flue gas controls such as SNCR nitrogen
oxide controls, expanded acid gas scrubbing and larger baghouse designed into the REA WtE facility
and REA is confident that these additional features will result in even lower impacts at the stack and
at the receptors.

47
48

EPA Victoria (June 2017) Works Approval Application Guideline. Publication 1658
EPA Victoria (July 2017) Energy from Waste Guideline EPA. Publication 1559.1
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Receptor
Receptor ID % of SEPP
Type
limit
CDR1
0.50%
Residential
CDR2
2.20%
CDR3
Prison
2.70%
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PM2.5
% SEPP
limit
0.80%
3.40%
4.40%

Cadmium Antimony
Receptor
% SEPP
Receptor ID % of SEPP
Type
limit
limit
Residential
Prison

CDR1
CDR2
CDR3

0.10%
0.10%
0.20%

NOx
% of SEPP
limit
1%
5%
6%

Arsenic
% of SEPP
limit

0.001%
0.003%
0.003%

3.80%
8.40%
11%

CO
% of SEPP
limit
0.004%
0.02%
0.02%

SO2
% of SEPP
limit
0.30%
1.10%
1.40%

HCl
% of SEPP
limit
0.03%
0.10%
0.10%

Fluorine
% of SEPP
limit
<0.01%
<0.02%
<0.03%

Chromium Chromium
Manganese
Nickel
(VI)
(III)
% of SEPP % of SEPP
% of SEPP % of SEPP
limit
limit
limit
limit
0.10%
0.01%
0.002%
0.30%
0.30%
0.03%
0.003%
0.70%
0.40%
0.04%
0.004%
1.00%

Copper
% of SEPP
limit
0.001%
0.002%
0.003%

Lead
% of SEPP
limit
0.10%
0.30%
0.40%

Mercury
% of SEPP
limit
0.04%
0.10%
0.10%

Berylium &
Fluoride
Compounds
% of SEPP
% of SEPP
limit
limit
<0.9%
0.90%
<3.6%
2.00%
<4.6%
2.60%

Table 6-15: Comparison of Levels Modelled at Discrete Receptors with the SEPP Limits for the
worst case year 2014 (99th percentile).

Dioxin /
Furan % of
SEPP limit
0.10%
0.20%
0.20%
MDI
% of SEPP
limit
0.90%
2.00%
2.60%

The European Union IED defines stringent emission levels for a range of pollutants (Table 6-16) at
the stack. When WtE facilities adopt best available technology (BAT) for emission control and
emission treatment, like that summarised above, they can comfortably comply with the IED emission
limits.
Pollutant

Units

Daily Average Emission Limit –
Continuous Sampling

½ Hourly Emission
Limit

Total Dust

mg/Nm3

10

30

Organic Substances

mg/Nm3 as TOC

10

20

Hydrogen Chloride (HCl)

mg/Nm3

10

60

Hydrogen Fluoride (HF)

mg/Nm3

1

4

Sulphur Dioxide (SO2)

mg/Nm3

50

200

Nitrogen Oxides expressed as NO2

mg/Nm3

200

400

Carbon Monoxide (CO)

mg/Nm3

50

100

Cadmium (Cd) and Thallium (Tl)

mg/Nm3

0.05

Mercury (Hg)

mg/Nm3

0.05

Antimony (Sb), Arsenic (As), Lead (Pb),
Chromium (Cr), Cobalt (Co), Copper (Cu),
Manganese (Mn), Nickel (Ni), Vanadium (V)

mg/Nm3

0.5

Dioxin & Furan

Ng/Nm3 I-TEQ

0.1

Table 6-16: IED Emission Limits (Base metals sampling over a minimum of 30 minutes and a maximum of 8
hours, Dioxin/Furan sampling over a minimum of 6 hours and a maximum of 8 hours)

The proposed WtE facility will comply with the IED emissions limits and will also comply with the
limits set out in the SEPP (AQM) where the SEPP introduces more stringent limits than those defined
by the IED. As a means of showing compliance with these emissions limits, data from reference
facilities operating using identical gasifier technology to that proposed by REA is shown in Tables 617 - 6-20. Note that these reference plants successfully operate on unprocessed MSW – no sizing or
drying of MSW other than that resulting from mixing by the feed crane operators prior to entering
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the feed hoppers to the gasifiers. The on-line and stack sampling and testing data are attached in
Appendix 20. Sampling and analysis are conducted by licensed auditors and registered laboratories
and the regulatory authorities audit the facilities following commissioning. Appendix 21 shows an
example of a Commissioning Audit. The data demonstrates that the Eco-Waste gasifier on-line
testing and other emission tests are within the IED emission limits for the test parameters at the
discharge from the stack.
Date

NOx

(mg/Nm³)

SO2

(mg/Nm³)

CO
(mg/Nm³)

Total Particulates
(mg/Nm³)

IED Daily
Emission
200
50
50
10
Limit
Jan-16
39.7
36.0
6.9
4.2
Feb-16
34.5
35.6
16.3
5.6
Mar-16
29.2
33.7
6.3
6.3
Apr-16
29.5
27.9
7.8
6.2
May-16
38.8
25.5
14.7
5.7
Jun-16
42.3
27.1
9.0
6.5
Jul-16
51.6
36.9
7.7
4.6
Aug-16
48.4
25.4
7.1
6.6
Sep-16
38.9
22.9
7.7
6.5
Oct-16
24.8
24.8
8.3
5.0
Nov-16
25.3
16.7
14.0
5.4
Dec-16
30.1
13.3
5.8
4.1
Table 6-17: Twelve Months Historical Average Daily Emissions data Collected from On-line
Measurement for Reference Facility 1 Processing MSW Compared to IED Limits at the stack

Data derived by averaging 1minute on-line measurements to obtain daily average then monthly average

Date

NOx

(mg/Nm³)

SO2

(mg/Nm³)

CO
(mg/Nm³)

Total Particulates
(mg/Nm³)

IED Daily
Emission
200
50
50
10
Limit
Oct-17
43.0
24.2
16.7
8.6
Nov-17
48.2
27.7
19.7
9.1
Dec-17
45.4
28.5
24.1
8.6
Jan-18
35.7
26.7
23.3
8.1
Feb-18
46.4
25.7
20.6
8.7
Mar-18
67.2
25.6
24.5
9.2
Apr-18
68.1
27.2
19.7
9.1
May-18
56.5
23.0
22.5
8.5
Jun-18
60.5
24.3
18.6
10.0
Jul-18
60.1
25.0
19.6
10.0
Aug-18
42.3
25.1
22.8
8.6
Sep-18
48.2
21.8
21.7
10.8
Oct-18
51.7
25.9
32.7
9.6
Nov-18
40.8
24.7
25.0
8.8
Table 6-18: Twelve Months Historical Average Daily Emissions data Collected from On-line
Measurement for Reference Facility 2 Processing MSW Compared to IED Limits at the stack

Data derived by averaging 1minute on-line measurements to obtain daily average then monthly average
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Parameter
Reference Facility

MSW Reference Facility 1

MSW Reference Facility 2

MSW Reference Facility 3
MSW Reference Facility 4

MSW Reference Facility 6

Industrial Emissions Directive
(2010)
½ Hourly
Date of Tests Test Number
26/03/2013
1
2/12/2016
1
2
3
4
3/12/2016
1
2
3
4
17/10/2016
1
Spring
1
Spring
2
Winter
1
Winter
2
20/06/2018
1
2
3
21/06/2018
1
2
3

PM10

NOx

SO2

HCl

CO

Hg

Pb

Cd

As

30

400

200

60

100

0.05

0.5

0.05

0.5

8.4
18.6
18.8
22.2
20.4
21.1
17.0
16.4
23.0
1.2
12.9
16.8
17.2
39.0
12.7
17.4
16.8
16.1
16.7
15.6

154
148
174
186
103
143
152
182
139
55
64
69
45.02
97.66
104
97
101
123
111
104

2.22
11.4
13.6
7.9
25.4
14.9
12.8
11.9
10.9
30
0
0
2.86
14.14
49
49
50
86
84
86

1.71
<0.18
<0.18
<0.19
<0.19
<0.2
0.926
0.19
<0.21
6.5

21.9
13.2
20.3
17.3
30.3
18.0
16.0
20.6
16.2
44
0
0
0
2.3
19
21
16
19
26
22

0.0084
0.00045
0.00021
0.00073
0.00053
0.0017
0.0022
0.0016
0.0015
0.0027

0.099
0.055
<0.0006
0.064
0.043
0.09
0.057
0.059

0.00037
0.00042
<0.00002
0.00037
<0.00002
0.00084
0.00049
0.0004

0.078
0.085
<0.0006
0.086
<0.0006
0.311
0.168
0.173

*1

0.000076

*2

0.000713

Table 6-19: Emissions Data Collected from Reference Facilities with Gasifiers Identical to the REA
Facility by Sampling Flue Gas followed by Laboratory Analysis Compared to IED Limits at the Stack
*1 combined Cd & Tl, *2 combined Sb, As, Pb, Cr, Co, Cu, Mn & Ni

Facility Name

MSW Reference Facility 1

Date of Tests

27/10/2016

26/03/2013

27/03/2013

MSW Reference Facility 2 28/3 - 12/4/17

9/11/2017
MSW Reference Facility 3 8/10 - 21/11/18

IED
Dioxin/Furan Emission
Test
Concentration Limit at
Number
3
Stack
(ng/Nm )
(ng/m3)
1
2
3
1
2
3
1
2
3
1
2
3
1
1
2
3

0.043
0.015
0.019
0.039
0.016
0.023
0.016
0.016
0.016
0.089
0.097
0.072
0.042
0.012
0.015
0.019

0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1
0.1

Facility Name

MSW Reference Facility 4

IED
Dioxin/Furan Emission
Test
Concentration Limit at
Date of Tests
Number
3
Stack
(ng/Nm )
(ng/m3)
22/11/15 21/03/2016
Commissioning

MSW Reference Facility 5

2/4 - 17/4/13

MSW Reference Facility 6

14/6 - 26/6/18

1
2
3
1
2
3
1
2
3
4
5
6
1
2
3
4
5
6

0.028
0.052
0.042
0.085
0.075
0.089
0.039
0.016
0.023
0.016
0.016
0.016
0.052
0.069
0.056
0.021
0.013
0.017

Table 6-20: Dioxin/Furan Emissions Data Collected from Reference Facilities with Gasifiers
Identical to the REA Facility by sampling Flue Gas followed by Laboratory Analysis.
WtE facilities designed to meet IED emissions limits for total dust (particulates) include flue gas
treatment technologies which are effective at removing the smaller sized dust fractions specified as
PM10 and PM2.5. The REA flue gas cleaning system incorporates gas scrubbers and baghouse filter
systems. In these systems “filtration efficiencies are very high across a wide range of particle sizes
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and low dust emissions are achieved with this technology 49. These effectively remove all particles
greater than 3µm in size and 92% of particles down to 0.1 µm (Figure 6-17) 50. The emissions from
the reference plants processing MSW meet the IED emission limit of 10 mg/Nm3 and will only be
minor contributors to PM10 and PM2.5 particulate emissions in the area of the WtE facility.

Figure 6-17: Particulate removal efficiency of various flue gas cleaning devices as a function of
particle size (REA installed equipment marked in red)
Significantly more detail on the operation and types of emissions control measures are detailed in
Sections 6.3.6 and 6.3.7. In summary, REA is confident that the emission control equipment and the
monitoring systems employed will achieve the IED and SEPP limits. Further, the design house, and
the EPC contractor have been made aware of the stringent emission limits that will be applied and
these limits will be included as “make good” performance guarantees in the various agreements
pertinent to the EPC contract.

European Commission (2017) Draft Best Available Techniques (BAT) Reference Document for Waste Incineration.
Industrial Emissions Directive 2010/75/EU, Integrated Pollution Prevention and Control
50 Enviropower Renewable Inc. (October 2013) A Comparative Assessment of Commercial Technologies for the Conversion
of Solid Waste to Energy. https://pdfs.semanticscholar.org/92ba/d2a1a1d4870a57b6fc2263e2e9a9fd882647.pdf
49
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6.3.2

Waste Reception, Arrivals Hall, Waste Pit and MSW Feed
System

6.3.2.1

Waste Deliveries and Dispatch

Most residual waste will arrive at the WtE facility in compactor collection vehicles and these will
discharge directly into the waste pit. These carry a typical payload of 6-7 tonnes. Some waste will
arrive from transfer stations or MRF’s where the waste has been sorted and consolidated into larger
trucks for transport to the facility. These will be trucks of up to B-Double size which are all selfunloading walking floor type units which will discharge directly into the waste pit.
Gasifier slag will be removed from site using standard tippers while cured flue gas treatment residue
will be removed by hooklift bin carrying vehicles for transport to an appropriately licensed landfill.
Access to the site from Alex Fraser Drive and within the site will be designed to ensure that that
there are minimal external impacts, that safety is paramount and that truck movements can be
accommodated to minimise the arrival, transit, unloading and exit times of deliveries of waste in
and out of the site.
An evaluation of the preliminary traffic movement design at the WtE facility has been undertaken as
part of the Planning Approval process (Appendix 13) and this study investigated the suitability of the
design for the types of trucks entering and exiting the WtE facility. The heavy vehicle circulation road
has been designed to accommodate vehicles up to B-double in size. The loading arrivals hall has
been designed to allow for vehicles up to B-double size to manoeuvre within the area in order to
reverse to the waste pit to discharge their loads and exit the arrival hall in a forward direction. A
series of swept path diagrams have been developed demonstrating access and circulation
throughout the site (Figures 6-22 & 6-23).

6.3.2.2

Site Access and Waste Reception

Access to the site from Alex Fraser Drive will be obtained through a key card activated boom gate
(Figure 6-18 & 6-20) and registration recognition managed from the central control room. Visitors to
the site will require site personnel to provide key card access through the boom gate. Trucks will
then move around the access road to the automated bi-directional weighbridges where they will be
weighed. Traffic lights managed from the central control room will control movement of trucks up
the access ramp to the arrivals hall (Figure 6-18).
The weighbridges are located sufficiently far from the access point off Alex Fraser Drive to
accommodate queuing waste vehicles without spillage back to the public road (Figure 6-19).
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Figure 6-18: Swept Path Analysis (A) for Vehicles up to 12.5m in length entering the Site
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Weighbridges

Figure 6-19: Swept Path Analysis (B) for Vehicles up to 12.5m in length entering the Site
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Boom Gates and Card
Reader
Figure 6-20: Location of Site Access Boom Gate and Card Reader

6.3.2.3

Weighbridges

Two calibrated road vehicle bi-directional weighbridges will be located on the access road (Figure 620) which will be connected to the plant operations control room where weights will be
automatically recorded. Additional information will be recorded by operators in the control room to
enable appropriate tracking of the waste (number plates, source of waste, weight of waste etc.) to
comply with regulatory requirements.
Recording of data at the weighbridges will allow the management and tracking of:
•
•
•
•

Residual waste from Council kerbside collections, from transfer stations and MRF’s;
Major consumables entering the site such as lime, caustic soda, activated carbon;
Gasifier slag leaving the site for recycling;
Flue gas residue derived from the baghouse filter leaving the site after treatment for an
appropriately licensed landfill.

6.3.2.4

Waste Arrival Hall

The arriving trucks carrying residual municipal waste enter the enclosed arrival hall through a
proximity activated automated fast roller door before turning and tipping into the refuse feed pit
through individual bays also controlled by automated fast acting roller doors. The waste arrival hall is
fully enclosed and under negative pressure as air is continuously drawn from the pit into the
gasifiers. Designing the facility to include six gasifiers feeding three boiler lines builds in substantial
redundancy and means that it is very unlikely that a gasifier system is not operating and drawing air
from the waste arrival hall. This effectively eliminates odour and dust leakage outside of the waste
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arrival hall area of the facility. In the highly unlikely event that all the gasifier lines suffer an outage
over an extended time period then waste will not be received and contracted MSW will be diverted
to landfill until the facility is again operating. Odour generation in these circumstances will be
controlled by keeping the waste pit doors closed, continuing to operate the draft fan(s) and by the
addition of a deodorant via the air exchange system. In the event of a prolonged shutdown, any
waste in the waste pit will be removed and consigned to landfill.
An automated vehicle management system will be installed which will notify drivers of their
allocated tipping bay. Should issues develop with the automated traffic management system
provision will be made for manual intervention from the central control room. The tipping bays will
include guidance systems for the drivers, clearly defined vehicle flow paths, impact barriers and
adequate lighting. In order to minimise the chance of drivers backing trucks into the waste pit safety
barriers and floor marking indicating distance from the end barrier will be installed.

6.3.2.5

Waste Pit

The waste pit is entirely enclosed in a building and tipping of refuse occurs through fast acting roller
doors which close immediately the truck moves from the tipping position. The pit is designed to
allow for a maximum of 4 days waste residence time (2400 tonnes). There are no provisions for
additional storage areas for MSW and should the very unlikely situation arise where the entire plant
is shut down then contracted residual waste will be diverted to landfill. No stockpiling, other than
what can be contained in the waste pit will occur on the site.
Odour generation from the waste pit is primarily managed by drawing air from this area into the
gasifiers and the secondary oxidation chamber where odour causing molecules are destroyed.
Drawing air from the waste pit results in the creation of a negative pressure in both the arrival hall
and the waste pit which effectively negates odour and dust emission from the facility.
During steady state operations the waste pit will be operated with around 2 days (<1200 tonnes)
accumulation of MSW. Operating in this manner provides at a minimum 2 days additional capacity
(1200 tonnes) during routine maintenance or upset or emergency events. For example, if one
gasifier requires isolation then the facility can still operate at a nominal 500 tonnes/day, if one
processing train requires isolation then the facility can operate at nominal 400 tonnes/day. The 1200
tonnes additional capacity in the waste pit can therefore provide operational space for 3 days - 12
days depending on what components are isolated from the system. In this context, the design of
this WtE facility has a number of advantages over a single furnace line typical of many other thermal
WtE projects. Designing using a modular multi-gasifier design and multiple processing lines results in
the ability to:
•

•

Isolate and shut down any of the six gasifiers from the production process should issues
develop. An issue in one or more gasifiers does not result in the whole facility operations
being suspended. Rather the operations continue at a reduced rate. This allows continued
consumption of residual waste at a lower throughput and allows the management of odour
generation from the waste pit as air will still be drawn from the pit to the remaining
operating gasifiers and oxidation chambers. This circumstance provides a risk mitigation
measure during upset or emergency conditions not available to single furnace thermal
operation facilities;
Isolate and shut down any of the three processing trains each of which include the chemical
oxidation chamber, heat recovery boiler and flue gas treatment system from the
production process during routine maintenance, upset conditions or during an emergency
whilst keeping the remainder of the plant operating. As indicated above, this enables
continued production at a reduced rate and management of odour generation from the
Waste pit.
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It is therefore unlikely that all gasifiers and all processing lines will suffer outages at the same time.
However in the extreme case where this could occur, contracted waste will immediately be diverted
to landfill. Odour generation in these circumstances will be controlled by; keeping the waste pit
doors closed, continued operation of the draft fans maintaining negative pressure in the arrivals hall
and waste pit and by atomising a deodorant into the air space of the waste pit. In the event of total
power failure a backup generator will be installed which would enable all necessary safety and
monitoring equipment, including at least one draft fan, to continue operations.
Moisture content of incoming MSW varies between 40% - 50% but will reduce with the progressive
implementation of FOGO. Storage of waste in the pit encourages partial breakdown of the waste by
fermentation and allows for continuous operation of the gasifier during periods of low or no waste
delivery. Partial fermentation of the waste increases the calorific value of the waste but does
generate waste liquid. This liquid is collected in the enclosed leachate collection tank from where it
is managed by measured addition to the gasifier feed. There is no requirement to separately treat
the leachate and no leachate is discharged to trade waste or to the environment.
The waste pit will be designed and installed to; drain leachate to the collection tank, will be
constructed of materials resistant to attack from the leachate and be sufficiently robust to
accommodate potential impact and abrasion from the crane grabs. The waste pit design will enable
access for complete removal of waste to facilitate bunker inspection and maintenance.
The fire detection and protection systems for the waste bunker will comply with the EPA Victoria
Publication “Management and Storage of Combustible Recyclable and Waste Materials – Guideline”,
Publication 1667.2 (2018) 51. Additional management items will include:
• Infrared heat detection system;
• Carbon monoxide detectors appropriately located around the bunker area;
• Fire hose reels that can be manually operated to fight fires should they occur in the bunker.

6.3.2.6

Waste Feeding Cranes

Residual MSW is picked up by grab cranes (Plate 6-2) and fed to the step feeders and then to the
gasifiers feed hoppers. The waste feeding cranes will comply with the requirements of the design
code AS1418. Each grab crane is capable of feeding any and all of the gasifier feed hoppers and will
be used to remove non-compliant waste identified in the waste pit. In addition, oversize but
compliant waste can be removed by the grab crane either from the pit or from the step feeder and
processed through an installed shedder. This will minimise the chance of blockages in the gasifiers
feeding system.
The grab cranes will have two operational modes; automated feeding of the gasifiers feed hoppers
after positioning by an operator via the central control room and full manual operation from the
central control room. Each crane’s travel will be limited to prevent collision with unloading vehicles,
waste pit walls and waste pit infrastructure such as the installed fire suppression equipment.
The grab cranes fulfil two duties:
• Feeding the residual MSW to the gasifiers feed hoppers;
• Mixing the incoming waste with older waste to minimise the risk of the waste heating as it
ferments in the pit and to improve uniformity of the waste feed to the gasifier.

EPA Victoria (2018) Management and Storage of Combustible Recyclable and Waste Materials – Guideline Publication
1667.2

51
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The cranes will be equipped with load scales which will allow the quantities of waste fed into the
feed hoppers to be recorded on the distribution control system (DCS). This will inform plant
operational control and allow performance logging.

Plate 6-2: Grab Operating on Unprocessed MSW to Gasifier Feed Hopper

6.3.2.7

Waste Feed Hopper

Waste is fed via a step feeder into the gasifiers feed hoppers. The feed chute to the gasifier includes
double roller feeders which partially shreds the MSW, controls the feed rate and distributes waste
uniformly into the gasifier. The MSW is choke fed which provides an effective vapour gas lock on the
feed system to the gasifier. The MSW does not generally require pre-processing, shredding or
crushing prior to being loaded into the gasifier feed chute. However, compliant oversize waste
material will be shredded prior to being fed to the system. The feed hoppers and feed chutes are
designed to minimise the potential for blockages but include safe and efficient means of emptying in
the event of blockages occurring and for maintenance of the feeding system.
Industry best practise fire control systems will be installed to ensure that fires, should they occur in
the feed hopper, can be controlled quickly and efficiently. These measures will include:
•
•
•
•

Fire detection equipment located at the mouth of the hopper;
Fire sprays mounted around the hopper which are automatically triggered by fire detection
equipment;
The ability to remotely operate the hopper sprays from the central control room;
The installation of hose reels which can be used by personnel to fight fires in the hoppers
should that be required.
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6.3.3

Gasification System

6.3.3.1

Operation of the REA Gasifier

Gasification is a process where organic carbonaceous materials in the residual MSW are dissociated
at high temperatures in an oxygen-starved thermal reactor (Plate 6-3 & 6-4) to form a fuel gas
known as synthesis gas (also designated as syngas). In the vertical gasifier system the primary
thermal reactor incorporates pyrolysis and gasification stages within the same reactor to generate
the syngas. Pyrolysis occurs in the vertical reactor where temperatures of 600oC – 700oC occur while
further disassociation of the organic molecules occurs in the gasification zone where temperatures
of 800oC – 900oC occur (Figure 6-22). Typical operational test data for the syngas exiting the primary
gasifier chamber is shown in Table 6-21. Of particular note are the low oxygen levels operating in the
gasifier and as a consequence the very low levels of nitrogen oxides generated in the gasifier. This
has resulted in all operating plants meeting the regulatory requirements for nitrogen oxides without
the need for installation of selective non-catalytic reduction (SNCR) equipment.
Test No.

Gasifier Syngas
Temperature
(Co)

O2
(%)

CO
(ppm)

NOx
(ppm)

SO2
(ppm)

HCl
(ppm)

1

842

ND

44900

6.97

2.52

98

2

855

1.8

51027

9.86

27.35

101.91

Table 6-21: Operational Testing Data of Syngas at the Exit of the Primary Gasifier
The chemical reactions involved in gasification vary in rate and relative importance, depending on
the process conditions. Some of the more important gasification reactions occurring in this system
are summarised in Figure 6-22.

Figure 6-21: Summary of Most Important Gasification Reactions
The gasifier requires the addition of energy to initially bring it up to the required temperature at
start up. This energy is generated through the addition of waste wood which will be obtained from
suppliers providing certified clean wood for solid waste boiler feed. Once at operating temperature
the vertical design of the rotating reactor allows continuous operation without the requirement for
auxiliary fuel/energy as all required energy is derived from the residual MSW. The vertical gasifier is
designed so that the grate and the gasifier body can rotate independently allowing grate movement
in the same direction or in the opposite direction to the gasifier. The relative rotation occurs
relatively slowly which evenly distributes the MSW, minimising the chance of forming cooler zones,
maximising the disassociation of the contained organics while at the same time solving the problem
common in other grate type furnaces of slag blinding the grate.
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Plate 6-4: Reference Facility 2 - Gasifier

MSW Movement

MSW Entry Zone 100oC - 200oC

Drying Zone 300oC – 500oC
Pyrolysis Zone 600oC – 700oC

Gasification Zone 800oC – 1050oC

Burnout Zone
Cooling Zone
Rotary Grate – Slagging Level

Air Input
Figure 6-22: Schematic Diagram of Temperature Profile in Gasifier
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The system air is drawn from the refuse pit and from the exit of the waste heat boiler into the base
of the gasifier. While the air contains oxygen the quantity of air delivered is managed to maintain an
air to fuel ratio of ≤3:1, ensuring that combustion cannot occur (combustion requires an air to fuel
ratio of at least 6.25:1). The reduced quantity of air required compared to other WtE facilities based
on combustion of the MSW results in a lower generation of particulates in the gasifier exhaust gas
which equates to lower quantities of particulates entering the baghouse flue gas filtration system.
The MSW is delivered to the vertical rotary gasifier through the feed rollers at a uniform feed rate
into a drying zone at the top of the reactor vessel. The feed rate, residence time and air input are
managed to maintain the temperature profile depicted in Figure 6-23.
Gasification of organic materials in an oxygen depleted environment is a complex process with
different materials at the same temperature demonstrating different thermogravimetric outcomes.
For example, household kitchen residue generally requires a lower temperature and a shorter
residence time in the gasifier to disassociate than plastic or rubber. The design residence time of the
MSW in this gasifier system ensures near complete gasification of the organic components in the
waste. The syngas generated is comprised predominantly of hydrogen (H2) and carbon monoxide
(CO) but does include smaller fractions of carbon dioxide (CO2), organic molecules (CnHm) methane
(CH4), organic acids and tars. The syngas is directed to the secondary oxidation chamber where the
syngas is combusted with the addition of oxygen (air) to generate heat for steam and electricity
production.

6.3.3.1.1

Gasifier Slag

The non-organic fractions of the MSW are discharged from the gasifier as a silica rich slag. The slag
has a ceramic character and is extruded through the rotating grate and discharged to a quench pool
where it is removed by conveyer. The temperature of the slag leaving the gasifier is around 160oC as
it is cooled by the incoming air drawn from the refuse pit. Bottom slag quantities vary with the
quantity of non-organic materials in the MSW but are expected to be around 11% - 20% based on
REA studies of the compositional analysis of MSW derived from the source separated household bin
system typical of metropolitan Melbourne.
The amount of organic carbon remaining in the bottom slag after its removal from the rotating grate
provides an indication of the operating performance of the gasifier, with a low level of residual
carbon indicating a high performance. Remaining residual carbon (loss on ignition) in the slag for the
most recently installed systems operating on MSW is ≤1.25% and is ≤3% for the oldest gasification
system (Table 6-24) which are equivalent to best practise detailed in the specifications of the
European Union Commission on Best Available Technology (BAT) 2006 and 2017 draft.
Reference
Site
Test No.
Loss on
Ignition (%)
Average
(%)

Reference
Facility 2
Gasifier*

Reference
Facility 4
Gasifier*

Reference
Facility 3
Gasifier*

Reference
Facility 3
Gasifier*

1

1

1

2

1

2

3

4

5

6

7

3.1

0.9

0.8

0.2

1.5

3.6

2.1

2.4

4.3

1.3

4.9

1.25

Reference Facility 1 Gasifier**

2.9

Table 6-22: Operational Data on Ignition Loss (residual carbon) of REA Gasifier Slag

* Recently constructed and Operated Gasifier Systems, Analysis HRL, Australia. **Oldest Gasifier commenced operation
2004, Analysis National Research Centre for Environmental Analysis and Measurements, China.
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Testing of the gasifier slag and comparison to IWRG631 Guideline indicates that this material is likely
to be classified as industrial waste and is therefore likely to be suitable for recycling into road
materials. Sampling and analysis of the gasifier slag during operations will be required to confirm its
suitability for recycling. REA have In-Principle-Agreements with several road materials recyclers for
reuse of this material. Should testing during operations indicate that the gasifier slag is unsuitable
for recycling it will be consigned to an appropriately licensed landfill. More detailed information on
the chemical composition of the gasifier slag is presented in Section 14.

6.3.4

Syngas Combustion

The secondary oxidation chamber where the syngas is combusted is initially diesel fired to bring it up
to operating temperature. Once at operating temperature no further fuel addition is required.
The syngas generated in the gasifier is directed to the syngas combustion chamber (Figures 6-14 & 615) where additional air is added to increase the oxygen concentration (air to fuel ratio >6.25:1) so
the gas can combust at temperatures maintained between 1100oC – 1200oC. Residence time of the
syngas in the oxidation chamber is >2 seconds and the average exit temperature ≥1100oC which is
sufficient to maintain almost complete combustion of all organic residuals in the syngas generated in
the gasifier. This includes the molecular carbon (soot) adsorbed to the particulates in the gas stream.
Operational experience has shown carbon monoxide levels exiting the combustion chamber to be
<30ppm. This is of particular importance in minimising the formation of dioxins and furans as it has
been shown that incomplete combustion can lead to the formation of precursor molecules such as
chlorophenol, chlorinated benzenes or chlorinated biphenylenes which can then react catalytically
with elements in the fly ash to form dioxins and furans at temperatures of between 400oC – 750oC 52.
The major reactions occurring in the syngas combustion chamber are summarised in Figure 6-23.
These broadly result in the generation of carbon dioxide (CO2), water (H2O) and energy. The energy
is captured to produce super heated steam in the next phase of the process.
2H2 + O2
CH4 + 2O2

H2O + Energy
CO2 + 2H2O + Energy

2CO + ½O2
CxHy + (x+y/4)O2

CO2 + Energy
xCO2 + y/2H2O + Energy

Figure 6-23: Summary of Main Chemical Reactions in the Syngas Combustion Chamber

6.3.5

Waste Heat Recovery

The boiler is close coupled to the syngas combustion chamber and is of a conventional design for
WtE facilities. The hot off gases leaving the syngas oxidation chamber are directed to a water boiler
and convection steam superheater, reheater and economiser system which superheats the steam to
450oC at a pressure of 5.2Mpa. The design includes a number of boiler sections. The initial sections
are empty of tube bundles and employ radiant heat on the water jacketed walls. These empty
sections are used to cool the flue gases to around 700oC - 650oC to reduce fouling of the high
temperature superheater elements. The second and third sections include high temperature
convective superheater elements then medium and low temperature superheater elements and
finally economiser elements.
The off gas moves through the boiler system at around 15 m3/h with a residence time of ≤ 5 seconds
where the off gas temperature is reduced from +1100oC to 200oC. However, time in the critical
temperature zone where dioxins and furans can reform (de novo synthesis requires 500oC – 200oC)
occurs in the boiler from the later convective superheater elements to the economiser passes. The

52

Environment Australia (1999), Incineration and Dioxins: Review of Formation Processes
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flue gases have a residence time in these sections of the boiler of <2 seconds which reduces the
potential of dioxins and furans reforming.
Particulates will be carried through to the boiler from the syngas combustion chamber and these
may be deposited as dust on the heat recovery elements. The dust will be periodically removed by
commonly used tube cleaning systems (soot blowers). Dust removed will fall into discharge hoppers
at the base of the boiler and will be discharged periodically to the ash handling systems. REA testing
of the boiler ash from a reference site has shown it to remain below the EPA industrial waste
classification (Section 14). Should operational testing show that contaminant levels exceed the
industrial waste classification then it will be combined with the baghouse filter ash, stabilised and
consigned to an appropriately licensed landfill.
The superheated steam is sent to a standard steam turbine generator which generates electricity to
meet the plant requirements with the balance available for export to the grid and/or adjacent
industrial energy users.

6.3.6

Steam Turbine and Steam Condensing System

The superheated steam from the waste heat boiler enters the steam turbine to drive the generators
to generate electricity. The electricity generation system is configured with two turbines. Each
turbine is rated for approximately 44 tonnes per hour of steam with the total power generation
capacity of each generator of 9.57MW. The system includes a 100% turbine steam bypass system to
the condenser which allows boiler start-up to be independent of turbine operation without
exhausting steam to the atmosphere. The steam turbine includes a control system which will provide
feedback on operations to the central control room.
Steam exiting the steam turbine will be distributed to high pressure heaters, low pressure heaters
and deaerators. The steam produced by the high-pressure heater is used in the steam seal system,
and the low pressure heater steam is used to heat the condensate. The deaerator removes dissolved
oxygen in the boiler feed water to prevent corrosion of the boiler system.
The preliminary design of the air-cooled condenser system indicates that it will be equipped with 4
air coolers with a total heat dissipation area of 149414m2. The 4 fans will have a rated capacity of
583kW.
The exhaust steam from the steam turbine will initially pass through a catch box to eliminate existing
condensate prior to entering the air-cooling system. The condenser system operates under vacuum
which is generated by ring seal vacuum pumps. The condensate generated will be directed to the
condensation tank, and then supplied back to the heat recovery system via the condensate pump.

6.3.7

Air Emission Controls - Managing the Composition of
Flue Gases

6.3.7.1

Generation of Acid Gases in Gasifier and Secondary
Combustion Chamber

As the gasifier and the syngas combustion chamber are air fed (rather than oxygen), the syngas
contains relatively large quantities of nitrogen presenting as N2. The residual MSW feed materials
will contain some nitrogen, sulphur and chlorine containing compounds which will be oxidised to
various degrees depending predominantly on combustion temperature. The HRL study
commissioned by REA on residual bin MSW found 0.88% - 0.9% nitrogen, 0.08% - 0.09% sulphur and
0.31% - 0.35% chlorine when measured on an ‘as received’ basis (Appendix 9) and varied depending
on the uptake of FOGO.
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The operating temperatures in the syngas combustion chamber will result in the majority (95%) of
the sulphur in the waste being oxidised to sulphur dioxide (SO2). In the process of combustion,
chlorine is subject to speciation. The largest part of chlorine (50%-60%) is bound in the form of
chlorides in the fly ash. A part is also bound in a similar way in slag. The remaining part of chlorine is
mostly converted to hydrogen chloride (HCl), while only a small amount is released in the form of
molecular chlorine (Cl2). It is recognised that as combustion temperatures increase, the amount of
chlorine released in the form of emissions increases and at the same time the amount of chlorine
present in the slag and ashes decreases 53. Table 6-23 shows that at the operating temperatures of
the REA gasifier and the syngas combustion chamber, 53% - 70% of the chlorine present in the MSW
is likely to report to fly ash and slag while around 27% - 44% will be as HCl in the gas phase. A very
minor proportion will report to the off gas as Cl2.
Both SO2 and HCL will be removed in the gas scrubbing sections downstream of the boiler heat
exchangers. SO2 and HCL are real time monitored in the flue gas with feedback systems in place to
increase alkali dosing rates should levels rise unacceptably.

Table 6-23: Speciation of Chlorine in the Combustion Process with Temperature 54
The use of air in the gasifier and syngas combustion chamber introduces a substantial quantity of
nitrogen into the system. At temperatures above 1400 Co nitrogen molecules are attacked by oxygen
forming nitrous oxide (NO) and an active form of N which then reacts with O2 to again form NO 55.
The operating temperatures of the REA gasifier system are always below the critical reaction
temperature for conversion of nitrogen gas to nitrous oxides. A portion of the nitrogen contained in
the MSW is still likely to be converted to Nitric Oxides (NOx) by the thermal mechanisms operating in
the gasifier and syngas combustion chamber.
The formation of NOx is complex with a number of succeeding parallel reactions55. These reactions
are summarised in Figure 6-24.

G. Wielgosiński, Pollutant Formation in Combustion Processes, Advances in Chemical Engineering.
www.intechopen.com
54 Liu K. Pan W, Riley J (2000). A Study of Chlorine Behaviour in a Simulated Fluidised Bed Combustion System. Fuel, Vol 79,
pp 1115-1124
55
G. Wielgosiński, Pollutant Formation in Combustion Processes, Advances in Chemical Engineering.
www.intechopen.com
53
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Figure 6-24: Diagram of NOx Formation during Thermal Decomposition of Fuel55
Only one reaction route generates NOx and this route requires oxygen, while the other two reaction
routes effectively reduce the quantity of NOx generated.These reactions provide for minimisation of
the NOx generated through managment of the thermal decomposition process. Gasification in a low
oxygen environment minimises the formation of NOx compounds while operating the syngas
combustion chamber at temperatures above 1100oC but lower than 1200oC minimises the
production of NOx in the flue gas. Operational experience has shown that NOx concentrations in the
stack gas are generally below regulatory concentrations without further treatment. However, in
recogition of the higher nitrogen levels in Melbourne residual waste when compared to the
reference sites, and as a risk mitigation measure, flue gas treatment will include the installation of a
Selective Non-Catalytic Reduction (SCNR) system in the syngas combustion chamber to ensure NOx
levels are maintained below regulatory limits. Measuring the concentrations of NOx both pre and
post treatment in the flue gas through continuous monitoring will be sufficient to allow the correct
dosing of urea in close to real time to ensure compliance with IED and SEPP limits.
NOx levels in the flue gas are expected to be below IED limits on almost all occaisions and it is
envisaged that the SCNR system will only require operation during upset conditions. Nevertheless
during these conditions it is possible that some ammonia may exit the stack (known as ammonia
slip). The quantity of ammonia slip will depend on the amount of urea added and the concentration
of NOx in the flue gas but in all cases it is expected to be less than 6.5mg/m3 modelled in the
emissions impact assessment. This assessment showed that ammonia did not exceed the SEPP AQM
limits at the sensitive receptors.

6.3.7.2

Generation of Particulates

The flow of air into the gasifier or the combustion zone in an incinerator results in the entrainment
of fine solid dust particles into the syngas stream. More than 90% of these particles are <250 µm
with 50% in the size range 150 µm - 250 µm 56. Around 10% of the particles are less than 20 µm with
very small percentages of particles as small as 0.1 µm - 1 µm 57. While the main component of these
particles is silica (SiO2) they are carriers of metals, elemental carbon (soot) as well as the adsorbed
products of incomplete combustion and products of secondary synthesis outside the combustion
zone. The quantity of particulates generated is dependent on the fuel source and the quantity and
velocity of air moving through the reactor or combustion zone. Incineration of MSW generally has a
higher particulate load leaving the combustion chamber than the exit gas leaving a gasifier.
Incinerators can have a particulate concentration leaving the combustion zone of up to 589000mg/m3
while the REA gasifier particulate loads have been measured at ≤2000mg/m3. This is primarily
because the air to fuel ratio for a gasifier is <3:1 while that of an incinerator is >6.25:1. This means
that a lower volume of air comes in contact with the MSW and thus lower levels of particulates are
entrained into the syngas stream 58. Nevertheless, particulates do exit the gasifier and syngas
combustion chamber and while the combustion temperatures in the combustion chamber will
reduce the elemental carbon carried on these particulates they will still require removal
downstream prior to emission to the environment. This is achieved in the REA system by the
installation of a bag-house filtration system which is Best Practise (Section 7) and very efficiently
removes particulates from the off gas stream.

56Qingiu H et al. (2010)) Particle Size Distribution and Speciation Analysis of Heavy Metals in Municipal Solid Waste
Incineration Fly Ash in Chongqing, China. Bioinformatics and Biomedical Engineering Conference, Chengdu, China
57 Keppert M, et al. (2013) Municipal Solid Waste Fly Ash as Supplementary Cementitious Material. Central Europe Towards
Sustainable Building Conference, Prague.
58 Wilson B. (2014) Comparative Assessment of Gasification and Incineration in Integrated Waste Management Systems.
Enviropower Renewable Inc.
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Fate of Metals in Gasifier and Syngas Combustion Chamber

The fate of metals is closely linked to the occurrence of particulates in the syngas and the off gas as
base metals in particular adsorb to the porous particulates. The various heavy metals react
differently when heated and can be divided into three broad groups based on speciation occurring at
high temperatures 59. These are:
1) Metals which are easily volatilised, such as mercury (Hg) and Cadmium (Cd), and which tend
to remain in the off gas stream. These will require removal in the downstream gas cleaning
process section which is accomplished in the REA system by adsorption onto activated carbon
and then removal of the powdered carbon in the bag house filter system;
2) Metals with high melting and volatilisation points which tend to accumulate in slag. Metals
such as iron (Fe), magnesium (Mg), cobalt (Co), chromium (Cr), copper (Cu), manganese (Mn),
molybdenum (Mo) and nickel (Ni) belong to this group. While most of these metals are likely
to remain in the slag, a proportion can be volatilised (<10%) and enter the gas phase and
adsorb onto particulates. These elements, when adsorbed on particulates play a potentially
important role in the catalytic conversion of incompletely combusted organic molecules to
dioxins and furans. Copper is particularly important in this regard. The majority of the
volatilised metals in this group are removed from the process by adsorbtion onto activated
carbon or the particulates, both of which are collected in the bag house filter;
3) Intermediate Group metals such as arsenic (As), lead (Pb), tin (Sn), zinc (Zn) and antimony (Sb)
where up to 50% volatilise into the gas phase and either adsorb onto particulates and/or react
with alkali in the scrubbing towers and are removed in the baghouse filter.
The presence of the halides; chlorine, fluorine and bromine, can significantly increase the level of
volatilisation of some metals in the high temperature zone of the process. For metals such as Ni, Pb
and Thallium (Tl) the volatilisation temperature drops significantly resulting in a much larger
proportion of these metals remaining in the gas phase59. Best practise emission control strategies
including absorption onto alkali particles and powdered activated carbon and efficient removal of
particulates in the bag house have been adopted in the proposed REA facility as the method of
managing volatised metals derived from the MSW.

6.3.7.4

Products of Incomplete Combustion

In any thermal process it is important to minimise the generation of organic radicals which are the
products of incomplete combustion. This is because many hydrocarbon and chlorinated hydrocarbon
radicals and simple aliphatic hydrocarbons may participate in secondary reactions resulting in the
formation of aromatic hydrocarbons (eg. acetylene) and chloro-aromatic hydrocarbons (eg.
hexachlorobenzene) which can be converted to dioxins and furans by synthesis reactions in the
combustion zone at temperatures less than 700oC or catalysed to dioxins and furans in the cooler off
gas zone.
In the REA process the potential for the generation of incomplete combustion products is managed
by:
• The gasification of MSW occurring at temperatures ≥850oC;
• The control of air to maintain low oxygen concentrations;
• The continual mixing of waste in the furnace by rotation to ensure evenly distributed
temperature; and
• The combustion of the syngas generated at temperatures >1100oC but <1200oC which results
in almost complete removal of organic compounds including the soot attached to the
particulates.
G. Wielgosiński, Pollutant Formation in Combustion Processes, Advances in Chemical Engineering.
www.intechopen.com
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While this process minimises the potential for organic radicals to remain in the off gas and the
consequent chance of secondary precursor reactions, it is unlikely that 100% combustion occurs on
all occasions. To mitigate this potential risk, the REA system includes the injection of powdered
activated carbon into the cooled off gas stream to remove organic molecules that have made it
through, or reformed after, the combustion process.

6.3.7.5

Formation of PCDD/Fs, PCBs, PCNs and PAHs

Polychlorinated dibenzo-p-dioxins (PCDDs), polychlorinated dibenzofurans (PCDFs), polychlorinated
biphenyls (PCBs), polychlorinated naphthalene’s (PCNS) and polycyclic aromatic hydrocarbons
(PAHs) are present in MSW61. At temperatures >850oC most organic compounds, including dioxins
are decomposed. The temperature for 99.9% destruction of PCDD/PCDF is around 700oC while the
temperature of the destruction of other compounds that are precursors to the synthesis of dioxins
can reach up to 950°C 60.
The REA process is a two stage system. The gasifier generating syngas, operates in a low oxygen
environment at a temperature of ≥850oC which minimises the generation of compounds that include
oxygen (PCDD, PCDF, and some PAH’s). However, PCB, PCNS and some PAH precursor hydrocarbons
do not require oxygen and, theoretically, could still form/remain in the syngas stream entering the
syngas oxidation chamber as their complete destruction may not be guaranteed at the 850oC
operating temperature in the gasifier.
The syngas combustion chamber introduces sufficient air (oxygen) (air to fuel ratio >6.25:1) to create
the conditions for combustion of the syngas, pyrolysis oils and elemental carbon generated in the
gasifier. This syngas combustion chamber operates at temperatures between 1100oC and 1200oC
with a gas residence time of ≥2 seconds. Operational experience at Eco-Waste has shown that
almost all remaining organics, including most of the elemental carbon and PAH’s occurring as soot,
will be converted to CO2 and water. Eco-Waste has estimated destruction efficiencies for all organic
compounds in the syngas combustion chamber of >99.99%. The temperature in the syngas
combustion chamber needs to be carefully managed as temperatures over 1250oC can result in the
fly ash sticking to the furnace walls.
The dominant mechanism for the formation of dioxins occurs in the gas cooling zone following the
combustion chamber. Many studies have now confirmed that dioxins are reformed in the lowtemperature post combustion zone, if the gases (including fly ash) are allowed a residence time of
more than 1.6 seconds in that zone 61. The formation of dioxins in this zone is known as de novo
synthesis. This is a relatively slow catalytic reaction in which dioxins are formed in the temperature
range 200oC – 500oC through base metal (particularly copper) catalysis usually with elemental
carbon (soot) contained in the fly ash.
The REA process uses heat recovery in the boiler and steam super heaters to generate steam for
electricity generation which reduces the temperature in the flue gas post combustion to 200Co. The
residence time of the flue gas in the de novo synthesis temperature zone is less than 2 seconds but
this is still leaves sufficient time for PCDD/PCDF to potentially form. However, the de novo synthesis
of PCDD and PCDF can only occur if combustion is incomplete, leaving elemental carbon (soot)
and/or hydrocarbon precursors attached to the fly ash in the post combustion zone. The REA syngas
combustion zone maximises hydrocarbon/carbon combustion/destruction by maintaining very high
operating temperatures, employing an air injection system specifically designed to ensure high
turbulence during combustion and ensuring the syngas spends >2seconds in the hot combustion
G. Wielgosiński, Pollutant Formation in Combustion Processes, Advances in Chemical Engineering.
www.intechopen.com
61 Environment Australia (1999), Incineration and Dioxins: Review of Formation Processes
60
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zone. While high destruction efficiencies are achieved in the REA process which ensures the
potential for PCDD/PCDF formation is minimal, in practice it is unlikely that 100% burnout of carbon
contained in the syngas and fly ash will occur. Consequently, the process includes the injection of
powdered activated carbon into the flue gas stream to ensure recovery of the particulates in a bag
house filter including any de novo synthesis PCDD/PCDF formed in the gas cooling zone of the
process.

6.3.8

Air Emission Controls -Flue Gas Treatment Systems

Section 6.3.6 described the formation of acid gases (NOx, SO2 and HCl), particulates, the fate of base
metals, the potential for incomplete combustion products and the conditions applying to the
formation of PCDD and PCDF. This section describes the various conditions applied in the front end
of the processing circuit to deal with or minimise these aspects. It is recognised however, that
effective flue gas treatment is still necessary as a final control step in best practice emissions
management design.
The REA process operates with a flue gas cleaning system which includes primary flue gas scrubbers,
activated carbon injection system and fly ash removal through a baghouse filtration system. A flow
chart showing the main flue gas cleaning components is detailed in Figure 6-25.
Flue Gas

Acid Gas Scrubber

Activated Carbon
Injection

Alkali Mixing
Bag House Filter
Fly Ash Recovery
and Conveyer
Fan – Forced Draft

Stack

Figure 6-25: Schematic Diagram of Flue Gas Treatment System (red represents solids removal)

6.3.8.1

Acid Gas Scrubbing

The REA acid gas scrubber (Plate 6-5) operates by adding hydrated lime (Ca(OH)2) and caustic soda
(NaOH) solution to neutralise sulphates, chlorides, fluorides and a portion of the nitrogen oxides.
The alkali is injected into the acid gas scrubbing towers through atomisers which generates fine
droplets. The hot flue gas enters the acid scrubbing towers in a centrifugal motion and contacts with
the fine alkali droplets. The acid gases react with the alkali and are neutralised and removed from
the gas stream. The thermal heat of the flue gas in the scrubber evaporates the water causing fine
semi-dry/near dry solids to form which are then removed from the gas stream by the bag filter
system. Since some moisture remains in the alkali solid, further neutralisation and removal of acid
gases occurs in the duct leading to the bag house and in the filter-cake accumulated on the filter
bags. This semi-dry scrubbing technique for acid gas removal is well proven, best available
technology (Section 7) and is the most common technology installed in modern flue gas treatment
installations. The primary acid scrubbing system to be installed generally achieves 90%-95% removal
of SO2 and 75%-80% removal of HCl. Alkali injection rates can be increased to provide; greater acid
gas neutralisation capacity and flexibility to maintain of acid gas emission limits even in cases of
upset conditions.
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The filtered alkali in the primary acid scrubber is atomised to droplets of 70µm-200 µm and sprayed
into the rising flue gas. The smaller and lighter droplets tend to rise with the gas flow and form a
high droplet density area prior to the gas exiting the tower resulting in very effective acid gas
neutralisation. The larger droplets may move downward through the gas flow but as they dry they
are either lifted and moved with the smaller, now dried, droplets to the filter bag system or continue
to fall and are collected and discharge through the ash hopper at the base of the acid scrubber. Flue
gas temperature entering the acid tower is around 200oC and exiting the tower is around 170oC.

Plate 6-5: Reference Facility 2 Acid Gas Neutralisation Tower and Baghouse

6.3.8.2

Activated Carbon injection

Section 6.3.6.3 reviewed the fate of metals entering the gasifier with the MSW. Metals with high
melting and volatilisation points tend to report into the gasifier bottom slag. However, some metals
are easily volatilised (Hg, Cd), others are partially volatilised (As, Pb, Zn) and even those metals with
high volatilisation points generate some metal aerosol products in the gasifier or secondary
combustion chamber. Many of these metals will be adsorbed onto particulates generated in the fly
ash or react with and be adsorbed onto the injected alkali particles and will be removed from the
flue gas in the baghouse. However, some metals, particularly Hg and Cd can remain in
concentrations of concern in the flue gas necessitating further treatment. In the REA system this is
achieved by the injection of powdered activated carbon into the flue gas stream prior to the
baghouse filtration system.
Section 6.3.6.5 also reviewed the formation of dioxins, furans and other post combustion
hydrocarbon products. This section concluded that while high destruction efficiencies are achieved
in the REA process which minimises PCDD/PCDF formation, in practice it is difficult to achieve 100%
burnout of carbon contained in the syngas and fly ash. Consequently, the injection of powdered
activated carbon into the flue gas stream with recovery of the particulates in a bag house filter has
been employed to recover any potential de novo synthesis PCDD/PCDF that could form in the gas
cooling zone of the process.
The injection of powdered activated carbon into the flue gas stream is a common process used for
the removal of dioxins, furans and metal aerosols (such as mercury) from flue gases. Powdered
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activated carbon is seen to be the material of preference for industrial facilities due to its ease of
preparation and its flue gas stream injection efficiencies 62.
Powdered activated carbon is dosed in dry form into the flue gas stream at the exit point of the acid
gas tower. The carbon is drawn into the gas stream from a silo storage tank equipped with dust
filters, fluidisation and injection equipment, pneumatic transfer systems and high precision loss-inweight systems that relates dosing to flue gas flow.
The flue gas temperature exiting the acid gas scrubbing tower is around 170oC and exiting the
baghouse around 150oC. This temperature range is managed in the process as most researchers note
that it is temperatures in the approximate range of 120°C to 180°C that provide the best
chemisorption platform for efficient capture of the elemental mercury species from a flue gas62.

6.3.8.3

Baghouse Filter

Flue gas enters the bag house and dust collects on the outside of the filter bags which are supported
on a metal frame to prevent collapse of the bag. Steady air circulation driven by the forced draft fan
continually pulls air through the bags resulting in the build-up of a cake of particles on the outside of
the bag. This cake substantially aids filtration by minimising the size of particles that can move
through the bag into the off gas stream. In addition, the cake acts as a secondary neutralisation
reactor for remaining acid flue gas. The cake on the outside of the bags is then removed by pulses of
compressed air that travels down the length of the bag to dislodge the dust cake. Because these
pulses of air travel down the bag very quickly the bag house can be cleaned without taking it offline
which makes for more efficient and effective operation. USEPA have indicated that fabric baghouse
filters can achieve removal efficiencies of 99.84% for PM10, PM 2.5 and hazardous material
particulates (such as metals particulate matter) 63.
The dust cake dislodged from the filters drops to the base of the bagfilter hoppers where it is
periodically discharged into a secure collection, transfer system and treatment system. This ash will
include particulates from the gasification/combustion process, the reaction products of acid gas
neutralisation (calcium chloride (CaCl2), calcium sulphate (CaSO4), calcium sulphite (CaSO3)),
unreacted lime and powdered activated carbon. Particulates from the acid gas scrubbing tower will
also be combined with the baghouse dust. These are the products of flue gas cleaning system and
will contain varying quantities of base metals and dioxins and furans. This dust will represent <1.8%
of the MSW feed. On this basis the Project anticipated average throughput of 200,000t/a will
generate 3,600 tonnes of baghouse dust per annum. While the concentrations of the contaminants
in the dust will vary with the composition of the MSW feed, there are likely to be levels of base
metals and post combustion hydrocarbon products (eg. dioxins, Furans, PAH’s) that will require
treatment prior to reuse or disposal. Stabilisation is the proposed method of treatment and the
treated product would be disposed in an appropriately licensed landfill. More detailed information
on the characteristics of the baghouse filter residue is presented in Section 14.

6.3.9

Process Control

The REA gasifier system incorporates an automated control system throughout the process lines.
The facilities are operated through a central control room which allows consistent operation with
minimum personnel. Centralised control also facilitates rapid and controlled shutdown of the facility
in an emergency situation should that occur (Plate 6-6).
The REA gasification system is designed in 3 lines, each of which can process a nominal 200 tonnes of
residual MSW per day. Each line includes a dedicated real time Continuous Operations Monitoring
Shewchuk SR, Azargohar R, Dalai AK (2016) Elemental Mercury Capture Using Activated Carbon: A Review. J Environ Anal
Toxicol 6:379. doi: 10.4172/2161-0525.1000379.
63 USEPA (1999), Air Pollution Control Technology EPA-452/F-03-025
62
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System (COMS) which monitors each equipment item for critical outputs such as pressure,
temperature, flow rate, levels, electrical parameters, vibration etc. The flue gas stream within the
process is monitored for temperature, pressure, humidity, oxygen concentration, CO concentration,
SO2 concentration, NOx concentration, HCl concentration and dust content at various points prior to
emission from the stack. These measurements are used to control the process providing a
continuous record of process characteristics and feedback loops to enable automated adjustment of
the systems including alkali injection to the acid gas scrubbers. Process Control Diagrams (PCD) for
the MSW Feed System, Gasifier and Syngas Combustion Chamber, Boiler System, De-acidification
Tower, Particulate Removal System, Water Management System, Steam Turbine System, Air Cooled
Chiller System and the Compressed Air System are attached in Appendix 14.

Plate 6-6: Central Control Room Reference Site 2 MSW Gasifier

6.3.9.1

Emissions Monitoring

The IED specify an emissions monitoring protocol for best practice WtE facilities. This protocol will
be adopted by REA and the necessary monitoring equipment incorporated in the design. Pollutants
such as Nitrogen Oxides (including N2O), Ammonia, Carbon Monoxide, Sulphur Dioxide, Hydrogen
Chloride, Hydrogen Fluoride, dust, Volatile Organic Carbon will all be monitored on a continuous
basis. Metals and metalloids except mercury will be sampled and analysed on a time frame
negotiated with the EPA but would normally be 6 monthly, while Dioxin and Furan sampling and
analysis would normally be undertaken monthly. The volatile metal, mercury will be monitored on
continuous basis.
The REA design takes the cleaned gases from each gasification line and feeds these through an
induced draft fan prior to release to the atmosphere via an appropriately sized triple flue stack. The
CEMS system collects stack emissions data on a real time continuous basis from each flue for those
parameters detailed in the IED emissions monitoring protocol which are fed back to operations to
facilitate automated adjustments of parameters such as the alkali injection to the acid gas control
system. The CEMS will report time averaged emissions corrected for concentration of the gases in
the stack in accordance with the IED Directive. On a regular basis the on-line data will be validated
against stack sampling and NATA registered analyses. As part of our community consultation a
summary of the environmental data and an environmental compliance report will be uploaded to
the REA web site on a regular basis. Recent works approval decisions “have determined that it is
appropriate to make …. data available on a daily basis (that is, Works Approval 155546 issued to
Department of Economic Development, Jobs, Transport and Resources (DEDJTR))…………it has been
common for EPA to hear the community’s desire that monitoring information from companies be
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made publicly available and in close to real-time as possible 64”. Considering the community’s desire
for more data to allow public scrutiny of the WtE emissions, REA commit to providing average daily
measurements from the CEMS system to the public through an accessible web site.
A backup CEMS will be maintained in a ready condition which can be utilised when the duty CEMS is
non-operational due to maintenance, calibration or other instrument faults.

6.3.9.1.1

WtE Facility Commissioning Plan

A commissioning management plan will be developed in conjunction with the EPC contractor during
the construction phase of the project. This plan will be provided to the EPA for feedback and review.
This plan will address the start-up risks and define the procedure to be implemented during the
plant commissioning phase which would be expected to continue for around 3 - 6 months.
While the commissioning plan will reflect the EPC contactors approach it will include the following
general aspects:
•

•

Cold commissioning conducted prior to the introduction of fuel to the system to ensure all
plant and associated linkages (pipelines, electrical cabling etc.) are safely installed and
function according to design, ensures all safety interlocks are in place and operating and that
the controls and control loop functions for each system in the facility are operating effectively;
Hot commissioning follows cold commissioning and ensures all equipment and associated
operating systems are fully operational under hot conditions when fuel is added to the WtE
facility.

6.3.9.1.1.1
Cold Commissioning
After construction is complete and a construction completion certificate has been issued by REA’s
independent engineer, cold commissioning will commence. This process will involve the:
•
•
•
•

Energisation of all electrical boards and equipment systems prior to subjecting the various
equipment to operating loads or operating temperatures;
Cleaning and flushing of all equipment and pipelines including pressure testing of pipes, joints
and seals etc;
Operation of all control loops to ensure that the control logic is appropriate, all sensors are
operating including safety interlocks and all protection systems;
Installation of equipment consumables such as filter bags, reagent supply to silos etc, in
preparation for hot commissioning.

During cold commission it is generally the case that impacts to the environment are minimal. There
may be some chemical residues/liquids associate with cleaning of equipment that will be contained
and disposed of appropriately.
The cold commissioning is documented and when completed the EPC contract milestone “Readiness
Certificate” is issued. At this point hot commissioning will commence.
6.3.9.1.1.2
Hot Commissioning
Hot commissioning is initially conducted with the use of auxiliary fuels. This will involve heating of
the secondary combustion chambers using diesel fuel and heating of the gasifiers using combustion
of clean waste wood. This is followed later by the introduction of residual waste. During the heating
process testing of all plant and equipment for operability and functionality under conditions
representative of the normal range of operating conditions will occur.

64

EPA Victoria (2019) Works Approval Assessment Report 1003013 Paper Australia Pty Ltd.
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As hot commissioning progresses, residual waste will be delivered to the waste bunker in
preparation for the initial operation of the system. The timing and the volumes of waste deliveries
will be detailed in the commissioning schedule to ensure that sufficient waste is available for
commissioning but to also ensure that waste storage times are kept to a minimum, and that waste
does not arrive to site until the fire systems and odour control systems are operational.
While the commissioning management plan will provide specific detail on the various operations
required during hot commissioning the broad areas that will be addressed include the following:
Heating the gasifiers and the syngas secondary combustion chambers using auxiliary fuel
(wood and diesel respectively) to cure the refractory lining to ensure its integrity is not
compromised during the high temperatures of gasification and the syngas combustion when
the facility if fully operational;
• Directing the heat created in the combustion chamber to the boiler where ‘boiling out’
involving washing and draining the boiler tubes etc to ensure they are free of contaminants
such as scale and grease;
• After curing of the refractory, heating is increased in the combustion chamber to allow the
generation of sufficient steam to clean the boiler and steam system including those pipes
leading to the turbines. This steam cannot pass through the turbines as the potential
contaminants contained could damage them. Consequently, a temporary steam vent with
silencer to the outside of the facility building is required to allow safe but intermittent steam
release.
Emissions to air at this stage will be those associated with the combustion of wood and diesel fuel in
the preliminary heating process. The CEMS will be operational prior to these initial stages and for all
following stages to enable evaluation of the emissions from the system.
•

After the above stages the gasifier system is hot commissioned. This involves:
•
•
•
•
•
•
•
•

Starting up all the flue gas treatment systems prior to hot commissioning;
Ensuring the system is under negative pressure by starting the induced draft fans;
Combusting around 6 tonne of wood waste in each gasifier to bring the gasifier up to
temperature;
Gasifiers will be hot commissioned one at a time with each train being commissioned before
commissioning of the next train commences;
Once the gasifier system reaches operational temperature (800oC in gasifier, 950oC in syngas
combustion chamber) residual waste is gradually added until the gasifier train reaches
operational volumes;
The steam turbines will commence operational commissioning when the first gasifier train
reaches operational volumes. Once up to full turbine speed it will be synchronised with the
grid frequency to produce the first electricity;
Once all gasifier trains are commissioned the plant will be close to operational capacity. This
will complete an EPC contract milestone and allow the facility to undertake performance
testing;
Performance testing will include:
o Third party stack emissions tests;
o Testing of the gasifier slag, boiler bottom ash and the baghouse residues for
comparison with the waste categorisation guidelines;
o Testing of the gasifier slag for carbon content;
o Waste throughput testing;
o Power and steam output tests to demonstrate process efficiency and contractual
guarantees;
o Noise testing
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Reliability testing operating over an extended period of 1 – 2 months at various throughput
rates. The plant will be assessed against the contract guarantee throughput and emission
levels and must comply or the make good clauses in the contract will apply. Occasional
exceedances of the emission limits may occur up to this stage as final adjustments are made
to plant operations.
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