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occurred after this time.  This report and any legal issues arising from it are governed by and construed in accordance 

with the law of Western Australia as at the date of this report.   
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1. Introduction 

Eastern Metropolitan Regional Council (EMRC) proposes to further develop the existing Hazelmere 

Recycling Centre (located approximately 14 km from Perth [Figure 1]), by installing a 3.5 MW Wood Waste 

to Energy (WWTE) plant located on Part Lot 100 and Lot 301, Lakes Road, Hazelmere (the Proposal).  

The site location is presented in Figure 2.  EMRC is the Proponent for the WWTE plant. 

An existing operation at the Hazelmere Recycling Centre recycles untreated timber (such as pallets, timber 

off-cuts and crates) into wood chip for sale and recycles used mattresses into their components for 

recycling.  The WWTE plant would use part of the wood chip as the feed-source for the plant. 

The Proposal was referred to the Environmental Protection Authority (EPA) on 17 January 2014 under 

s 38 of the Environmental Protection Act 1986 (EP Act).  The Proposal was determined by the EPA as 

requiring assessment at the level of Public Environmental Review (PER) with a four-week public comment 

period.  The PER document (Strategen 2014) was released for public review period on 5 May 2014, with 

opportunity for comments closing on 3 June 2014. 

This document presents Proponent responses to issues raised during the four four-week public review 

period.  The responses address issues raised in a summary of submissions provided by the EPA. 

1.1 Description of the Proposal 

The WWTE plant will be based on pyrolysis technology using an indirect-fired pyrolysis kiln to produce 

synthesis gas (syngas) for use in internal combustion gas engines for power generation.  The pyrolysis 

process involves heating shredded wood at high temperatures in the absence of oxygen.   

The waste (fuel) will be shredded clean wood from timber offcuts, shipping pallets, crates and cable reels, 

etc., that would otherwise be disposed to landfill.  CCA treated wood would not be used.  The syngas 

produced by the wood chip pyrolysis will power eight 500 kW gas engine generator sets.  The resulting 

products are renewable electricity and bio-char (solid char of carbon and ash). 

The summary of the proposal description and preliminary key proposal characteristics are provided in 

Table 1 through Table 3. 

Table 1:  Summary of the Proposal 

Proposal Title Hazelmere Wood Waste to Energy Plant  

Proponent Name Eastern Metropolitan Regional Council 

Short Description The Proposal is to process wood waste in an indirect-fired pyrolysis kiln to produce synthesis gas 
for use as a fuel in internal combustion gas engines.  The outputs are power (electricity) and bio-
char. 

Table 2:  Key proposal characteristics (physical elements) 

Element Location Proposed Extent  

Pyrolysis plant Proposal site - Part Lot 100 and 
Lot 301 Lakes Road Hazelmere 
(Figure 1). 

Constructed on 0.3 hectares of cleared land. 
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Table 3:  Key proposal characteristics (operational elements) 

Element Location Proposed Extent Authorised 

Operating times Proposal site 16 hours per day (14 hours per day of peak period electricity 
generation), 5 days per week. 

Wood waste  Proposal site Up to 13 000 tonnes per annum. 

Feed Proposal site Waste wood (pallets, packaging, crates, off-cuts, cable reels). 

Excluded waste Proposal site All non-wood waste, medium-density fibreboard (MDF), 
particleboard/chip board, low pressure laminated board, CCA 
treated wood. 

Wood chip sourced directly from trees will not be used. 

Power generation Proposal site Up to 3.5 Megawatts to be supplied to the South West 
Interconnected System and/or nearby industrial consumers. 

Wastewater Proposal site Up to 5 kilolitres per day. 

1.2 Public consultation 

Substantial consultation with stakeholders was carried out prior to finalisation of the PER, and is described 

within that document.  Subsequent to release of the PER, a public information meeting was held in the 

Midland Town Hall on the evening of 15 May 2014, in which detailed information relevant to the PER was 

presented to approximately 40 attendees, followed by a formal question and answer session.  Informal 

discussions were held with some stakeholders who chose to remain after closure of the formal sessions. 

The issues raised by stakeholders during the formal question and answer session were recorded.  The 

majority of issues raised that are relevant to the PER were also included in the formal submissions, and 

have accordingly been addressed in this document. 
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2. Environmental impact assessment 

The key environmental factor for the Proposal was identified by the EPA to be air quality.  The EPA 

objective for air quality is to maintain air quality for the protection of the environment and human health and 

amenity. 

A study of air emissions from point sources within the WWTE plant was carried out using dispersion 

modelling as per guidance notes provided by DoE (2006).  The assessment included direct impacts of 

emissions as well as cumulative impacts, whereby background air quality was considered in conjunction 

with the additional emissions to be generated from the WWTE plant. 

Atmospheric emissions from the pyrolysis process have the potential to affect air quality, with a 

consequent potential impact on the health and amenity at ground level sensitive receptors (residential 

areas and neighbouring premises) within the dispersion zone.  The emissions could involve of oxides of 

nitrogen (NOx), carbon monoxide (CO), sulfur dioxide (SO2), particulates (TSP, PM10, PM2.5 and nano-

particles), volatile metals, acid gases (HCl, HF and SO2), volatile organic compounds (VOCs), polycyclic 

aromatic hydrocarbons (PAHs), dioxins and furans. 

A comprehensive emissions inventory was developed from consideration of measured compositional data 

for the wood feed materials and key process design parameters that influence the formation and fate of air 

emissions within the process.  The emissions data obtained from the emissions inventory were used in the 

dispersion modelling.  Dispersion modelling considered three emission scenarios: 

1. Normal emissions, where all the engines are on-line and clean syngas is used. 

2. Reduced rate emissions, where four of the gas engines are on-line and four off-line, and excess 

clean syngas combusted. 

3. Bypass emissions, where plant outage results in raw syngas being combusted. 

Dispersion modelling for normal operations shows no exceedances of air quality criteria for the maximum 

predicted ground level concentrations (GLCs).  The most significant emission was NO2 (NOx), with a 

maximum predicted 1-hour average GLC of 26% of the National Environmental Protection Measure 

(NEPM) air quality criterion of 246 µg/m
3
.  Similarly, for reduced rate operations, no exceedances of the air 

quality criteria are predicted, with NO2 being the most significant emission.  Dispersion modelling for 

bypass operations shows higher maximum ambient concentrations are predicted for metals and 

particulates compared with the other operating conditions; however, no exceedances of air quality 

standards were predicted. 

No exceedances of the respective air quality criteria are predicted where the emissions from the proposed 

WWTE plant operating under any operating scenario are combined with background concentrations. 
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3. Responses to submissions 

Submissions were received from the following: 

• Michelle Roberts MLA 

• Alliance for a Clean Environment 

• National Toxics Network 

• Department of Environment Regulation 

• Department of Health 

• BGC (Australia) Pty Ltd 

• submissions from unidentified submitters consolidated into a single document by EPA. 

A summary of all submissions was provided by the EPA.  The subject matter of the submissions largely 

related to the following: 

1. Impacts of air emissions, including veracity of background air quality data, and modelling. 

2. Potential health effects of the air emissions and selection of sensitive receptors. 

3. Claims that the process adopted in the WWTE plant is one of incineration, rather than pyrolysis. 

4. Claims of lack of proven technology. 

5. Quality control of feedstock. 

6. Claims that untreated wood waste can be put to better alternative uses. 

7. Alternative site options. 

8. Conformance with EPA recommendations. 

9. Potential for the plant to be expanded in the future. 

10. Adequacy of consultation. 

11. Air quality monitoring requirements during commissioning and operation. 

12. Disposal of bio-char. 

13. Dust impacts of wood waste processing system 

14. Economics of power production. 

15. Energy efficiency requirements 

16. Exemption of plant from complying with European Union air quality standards. 

17. Future feedstock intentions. 

18. Greenhouse gas emissions. 

19. Impacts on Perth Airport flight paths. 

20. Inconsistencies between the Works Approval application and the PER. 

21. Lack of community support. 

22. Noise emissions and impacts. 

23. Over-capacity of WA energy generation infrastructure. 

24. Promises that EMRC would not build an incinerator at Hazelmere. 

25. Referral obligations. 

26. Several technical issues associated with the pyrolysis process. 

27. Site zoning and buffers. 

28. Waste water recovery and treatment. 

Of this list, issues 1 to 9 (inclusive) were common to several submissions and are addressed in detail in 

the following sections (Sections 3.1 to 3.9).  The specific responses to each of the summarised 

submissions are provided in Section 3.10, with cross-referencing to Sections 3.1 to 3.9 as appropriate. 
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3.1 Air emissions 

Several submissions expressed concern over the potential impacts of air emissions from the Proposal on 

surrounding areas, with a range of specific concerns regarding the veracity of the air quality modelling and 

results. 

The key environmental factor required to be addressed by the PER, as specified by the EPA, was air 

quality.  The potential impacts of all expected emission constituents has been modelled, using appropriate 

techniques and methodologies to predict ground level concentrations (GLCs) of all potential emission 

constituents at sensitive receptors within the airshed of the Proposal.  This work involved a consideration 

of both the specific impacts of the Proposal, and the cumulative effects of this when combined with the 

background air quality in the Proposal airshed, and took account of the various potential meteorological 

conditions that could be expected to be experienced in the area. 

The PER presents the results of dispersion air quality modelling of operation of the Proposal, which shows 

the following: 

1. Maximum predicted ground level concentrations (GLCs) for normal operations show no exceedances 

of air quality criteria at any sensitive receptors.  The most significant emission was NO2 (NOx), with a 

maximum predicted 1-hour average GLC of 26% of the NEPM air quality criterion of 246 µg/m
3
. 

2. Similarly, for reduced rate operations, no exceedances of the air quality criteria are predicted, with 

NO2 being the most significant emission. 

3. Dispersion modelling for bypass operations predicts higher maximum ambient concentrations for 

metals and particulates compared with the other operating conditions; however, no exceedances of 

the air quality standards were predicted. 

4. No exceedances of the respective air quality criteria are predicted where the emissions from the 

proposed WWTE plant operating under any operating scenario are combined with background 

concentrations. 

Some submissions suggest that appropriate air modelling data were not used for the modelling.  This may 

reflect a misunderstanding of the modelling process, which uses emission rates from the process, physical 

location and layout of the plant, dimensions of emission points (stacks), exhaust gas properties (flows, 

temperatures, moisture content) and local meteorological data for inputs into the model to then calculate 

ground level concentrations.  As detailed in the PER (Section 6.4.1), process emissions data were 

generated from an emissions inventory using measurements of composition of wood waste, process layout 

and stack dimensions.  Exhaust gas properties were provided from the design brief and meteorological 

data were accessed from Perth Airport weather station for the modelling.  The location of the plant was 

specified in the model as the Hazelmere site.  All of these inputs are specific to the Hazelmere location and 

the particular emissions profile from the proposed WWTE plant. 

For the cumulative impacts, background air quality data were either not available or insufficient for the 

project; therefore, conservative estimates were adopted to eliminate any residual risk from modelling 

underestimates.  In particular, the background air quality estimates utilised high quality ambient air data 

from monitoring at the EMRC Red Hill site as the basis for selection of background concentrations.  Those 

data have previously been assessed by the EPA for approval of that facility. 

The EMRC Red Hill data were generally consistent with other public domain data from the following 

sources: 

• Midland Air Quality Modelling study 

• Rolling Green Air Quality Monitoring Station (AQMS) data 

• Caversham AQMS data
1

. 

                                                           
1

 The Department of Environment Regulation (DER) publishes Air Quality Index (AQI) for NO2, CO and PM at sites 
including Caversham (http://www.der.wa.gov.au/your-environment/air). 
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The dispersion modelling demonstrated that GLCs of all relevant air quality parameters would be 

substantially less than the criteria for those parameters at all sensitive receptors, under all conditions.  

While actual background concentrations will vary from time to time from the values adopted in the 

modelling (depending on sources and dispersion conditions), the GLC results were sufficiently below all 

the relevant criteria for this not be an issue that would create uncertainty regarding meeting of those 

criteria. 

The PER (Section 6.7.1) discusses the confidence levels relating to the modelled predictions and 

concludes that there is a high level of confidence that the predicted emissions outcomes will be achieved.  

A key factor is the conservatism applied to the data adopted, and the significant margins between the 

predicted outcomes and the air quality criteria. 

The plant commissioning process will require a rigorous testing, validation and short and long-term 

monitoring program as set out in Section 6.6 of the PER.  The prescribed premises licence to be issued 

under Part V of the EP Act will set out the limits on emissions to be applied to the plant following 

commissioning, and will be designed to ensure GLCs of all potential pollutants are within safe limits.  This 

process may require modifications to the proposed monitoring regime, to satisfy the Department of 

Environment Regulation (DER). 

As a further safeguard, Section 6.7.2 of the PER sets out a range of contingency actions to be applied in 

the event that plant emissions are not performing as expected. 

3.2 Potential effects on community health 

Several submissions expressed concern regarding the potential health impacts on the communities living 

and/or working within the airshed.  As discussed in Section 3.1, the air quality impact assessment 

presented in the PER is based on the best available science, and has demonstrated that the potential 

effects of the proposed WWTE plant on GLCs at sensitive receptors are well within nationally accepted 

health criteria for all potential polluting emissions.  These health criteria have been determined by groups 

of extensively and appropriately experienced health professionals, and are based on an extremely 

conservative approach with respect to exposures, and the probabilities of emissions at the criteria levels 

causing health issues.  Given the conservative approach taken in the assessment, and the conservatism 

inbuilt into the criteria, EMRC is confident that the expected emissions will not result in any health effects 

on the surrounding community. 

Sensitive receptors 

A significant number of submissions expressing concern regarding potential health impacts are understood 

to relate to the results presented as GLCs at three selected receptors in close proximity to the proposed 

plant.  The concerns appear to be based on an impression that these receptor locations represent densely 

populated urban areas close to the plant.  These receptors were selected as they were specific locations of 

three single residences located within the Hazelmere industrial zone, and were closer to the plant site than 

the urban areas, representing ‘worst case’ locations.  They do not represent the urban areas around the 

industrial and rural zones, which are considerably further from the plant (1.0 km or more), and where GLCs 

of the plant emissions are expected to be significantly lower than at the selected receptors.  Figure 3 and 

Figure 4 show the location of the three selected receptors relative to the plant, and to the surrounding 

urban areas.  Given that the GLCs at the three selected receptors are well within the adopted health 

criteria, the GLCs within the surrounding urban areas are substantially lower again, as a consequence of 

their separation distance from the point of emission. 

The maps used in the PER are intended to illustrate the relative location of the WWTE project and (for 

dispersion modelling contour plots) to illustrate the extent of emissions under worst-case conditions.  They 

were not intended to show the current land uses surrounding the EMRC site.  Importantly, the nearest 

sensitive receptors (residences) have been captured on the images to illustrate the emissions impacts.  

Residences further removed from the EMRC site will experience lower emission impacts due to dilution 

that occurs with distance from a source, as shown in Figure 3 and Figure 4 of this document.  These 

figures show the air quality contour plots presented in Figures 8 and 9 of the PER, overlaying more 

recently available aerial photography. 
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3.3 Pyrolysis vs incineration 

There have been several submissions that claim that the proposed pyrolysis process is an incineration 

technology, and as such is undesirable.  There is an element of semantics that applies to this issue.  

Nonetheless, the appropriate use of the terminology is important because of the potential implications of 

inappropriate use.  

Pyrolysis and incineration are not interchangeable terms or technologies; they involve very different 

processes, and have very different objectives.  Incineration is essentially a simple combustion process 

primarily used as a means of disposing of waste.  The process is relatively indiscriminate in terms of the 

materials that can be incinerated.  Heat that is generated in the combustion process can be 

opportunistically recovered to produce steam to generate electricity. 

EMRC proposes to use pyrolysis, which involves indirect heating of the input material in the absence of air, 

with the prime objective of producing then purifying a fuel (syngas) that can then used to produce 

electricity using gas-powered engines.  Pyrolysis is an endothermic process, which means it requires 

energy (heat) to be added as opposed to incineration, which generates heat (exothermic process).  The 

EMRC pyrolysis plant will utilise untreated timber (non-CCA) rather than a mixed waste feed to ensure an 

appropriate cleanliness of the syngas to meet the gas engine fuel requirements and to ensure minimisation 

of harmful emissions. 

One submission claims that the USEPA and the European Union have defined pyrolysis technology as 

incineration, based on European Union (EU) Waste Incineration Directive 2000/76/EC.  Article 3(4) of the 

directive provides the following definition of incineration: 

‘incineration plant’ means any stationary or mobile technical unit and equipment dedicated to the 

thermal treatment of wastes with or without recovery of the combustion heat generated.  This 

includes the incineration by oxidation of waste as well as other thermal treatment processes such 

as pyrolysis, gasification or plasma processes in so far as the substances resulting from the 

treatment are subsequently incinerated. 

This definition covers the site and the entire incineration plant including all incineration lines, 

waste reception, storage, on site pretreatment facilities, waste-fuel and air supply systems, boiler, 

facilities for the treatment of exhaust gases, on-site facilities for treatment or storage of residues 

and waste water, stack, devices and systems for controlling incineration operations, recording 

and monitoring incineration conditions. 

This definition limits the inclusion of pyrolysis (and several other processes) as incineration “…in so far as 

the substances resulting from the treatment are subsequently incinerated.”  The EMRC Proposal does not 

incorporate incineration of the substances resulting from the treatment.  The EMRC Proposal does include 

an intermediary treatment step of purifying the syngas post pyrolysis.  The gaseous product is to be used 

as fuel, and the bio-char is to be stored for a future use, or disposed to landfill.  As a result, the proposed 

pyrolysis treatment plant does not conform to the EU definition of incineration.  Confirmation of this 

conclusion is given by Lahti Energia Oy v East Finland Environmental Permit Authority (2009).  The 

interpretation states that Articles 3(4) and 3(5) are limited “when the gas in question has not been purified”. 

Further, EU Directive 2010/75/EU (Industrial Emissions Directive) now supersedes the Waste Incineration 

Directive in Europe.  Article 42(1) concerning special provisions for waste incineration states that such 

provisions “shall not apply to gasification or pyrolysis plants, if the gases resulting from the thermal 

treatment of waste are purified”. 

The pyrolysis process produces bio-char as a by-product, which will be stored for eventual transport off-

site.  Incineration produces bottom ash and fly ash, the latter of which has to be disposed of in secure 

landfill. 

A use for the bio-char is yet to be determined for this project; however, bio-char has been used elsewhere 

in applications such as agriculture, soil improvement, CO2 sequestration and in brick manufacturing as a 

fuel substitute.  If no market were available for the bio-char, it would be exported to the Red Hill Waste 

Management Facility for use in cell rehabilitation, or sent to landfill as a last resort. 
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3.4 Proven technology 

The issue of proven technology has been raised in several public submissions, and is understood to be an 

issue of major concern to the EPA, and is consequently addressed in detail below. 

In terms of being considered 'proven', the specific technology of the proposed plant has undergone an 

extensive development and testing phase to the point that it is now at the commercialisation stage.  The 

kiln technology was first developed by Ansac in 1988 for carbon regeneration and over 200 such kilns 

have been sold for this application.  The proposed wood waste to energy kiln technology using pyrolysis 

was a further development, assisted with a Commonwealth Government grant under the Climate Ready 

Program.  This enabled a $3.2M pilot scale facility to be constructed and tested by Ansac at its Bunbury 

site with numerous peer reviews during its operation.  That plant formed the basis for the design of the 

proposed full-scale plant, which was subject to a further range of peer reviews.  The current grant, 

provided under the Clean Technology Innovation Program, is specifically provided to support 

commercialisation of the technology through the Hazelmere project.  Award of this grant required the 

technology to be proven to the extent that it has been developed to the commercialisation stage. 

However, the EPA has expressed concerns regarding the extent to which the proposed plant can be 

considered proven within the extent of the EP Act s 16(e) advice to the Minister for the Environment on 

waste to energy technologies. 

3.4.1 Environmental Protect Authority concerns 

Following discussions with the EPA, an Independent Peer Review Panel was convened by EMRC in 

accordance with a scope of works developed in consultation with the EPA, to address the issue of the 

proven nature of the proposed plant in the context of the EP Act s 16(e) advice to the Minister.  The scope 

of work for the peer review required consideration of the following aspects of the proposed plant: 

1. Review of plant design as proposed. 

2. Review of the proposed facility in respect of the EP Act s 16(e) advice to the Minister for the 

Environment on waste to energy technologies. 

3. Review of responses to three particular public submissions that make a range of serious detailed 

claims about the efficacy of the technology. 

4. Review of commercial scale examples of pyrolysis technology, including capacity, type of feedstock 

processed, length of operation, compliance with the WID (if relevant). 

5. Review of commercial scale examples of components of the proposed technology, including capacity, 

type of feedstock processed, and length of operation. 

6. Review of the proposed plant commissioning process in terms of being best practice, such that the 

process presents the lowest practically achievable risk of an adverse outcome from an environmental 

and safety viewpoint. 

A full copy of the scope of work is presented in Appendix 1.  A copy of the Independent Peer Review Panel 

Report (Tetchner et al 2014) is presented in Appendix 2. 

3.4.2 Independent Peer Review Panel report 

The Independent Peer Review Panel comprised: 

1. Mr Gerald Tetchner, Managing Director, Enertech Engineering Consultants Limited. 

2. Dr Kevin Whiting, Senior Technical Director, WSP UK Ltd, PhD Chemical Engineering. 

3. Dr Frank Hardwick (former head of DEFRA Technology Review Team as well as managing the 

scientific division of the UK EA Team). 

4. Mr Steven Wood, Principal Consultant, WSP UK Ltd. 

The review panel was provided with the process flow diagrams, mass balance details together with 

manufacturing drawings for all key components of the proposed plant, which have been reviewed in depth. 
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3.4.3 Independent Peer Review Panel conclusions 

With respect to the overall issue of proven nature of the proposed technology to be adopted in the 

Hazelmere Wood Waste to Energy Plant, considered in terms of the EPA criteria set out in the s 16(e) 

advice to the Minister, the following conclusions were drawn by the peer review panel (Tetchner et al 

2014): 

1. With the exception of the Syngas Reformer and Syngas Treatment systems, the proposed 

technology components can be considered to have been proven in various international applications.  

Specifically: 

(a) The feedstock system can be considered to be proven, although there is unlikely to be a 

reference plant using the exact same configuration as proposed for Hazelmere. 

(b)  There have been a number of rotary kilns used successfully at a commercial scale for pyrolysis 

of wood and waste feedstocks.  While a number of these plants have experienced technical 

issues, and are no longer in operation, they did demonstrate that the rotary kiln part of the 

process could be made to work.  The pyrolysis technology can be considered proven at similar 

scales for feedstock other than the proposed wood waste.  Some design changes are proposed 

by Ansac that do not appear to have been fully tested, indicating that the Ansac technology can 

be considered as partially proven. 

(c) The Syngas Reformer is intended to carry out the required function of enhancing the gas 

product from the kiln and increasing the recovery of energy from tar.  However while there are 

larger plants carrying out this function elsewhere, the efficiency of this process has not been 

established for units of the scale operating under the same temperature conditions as proposed 

at Hazelmere.  Considerable work is required to develop the reformer, as there is significant 

technical risk associated with the unit.  While reformer technology can be considered proven in 

certain applications, the panel believes that further testing needs to be undertaken to prove that 

the catalytic reformer technology can be successfully employed in small-scale operations as 

proposed at Hazelmere. 

(d) The Syngas Treatment Plant is expected to refine and reduce tars, particulates and other 

pollutants, and the proposed technology can be considered as generally proven.  However, the 

efficiency of this process within the Ansac design has not been established and the panel has 

concerns about the effectiveness based on the present design. 

(e) The other plant elements can be considered to be proven technology, being standard 

components that are well understood, and successfully installed and operated at a wide range 

of scales, including that proposed for Hazelmere. 

2. Provided the reservations recorded with respect to the unproven nature of the Syngas Reformer and 

Syngas Treatment systems are addressed through redesign, and/or pre-construction trialling, the 

proposed configuration of components could be expected to perform without any unacceptable level 

of risk regarding safety or the environment. 

3. The plant will conform to WID requirements where relevant (i.e. any syngas that has not been 

conditioned will be diverted to the SACTO for combustion to temperatures exceeding 850°C for two 

seconds minimum time). 

4. In some areas, the plant components are very close together when space is available to increase 

distances between primary plant units, and could be increased to improve maintenance accessibility, 

as an important aspect of successful operation. 

There were no significant elements of differing opinion between the panel members. 

Panel members also provided responses to specific issues raised in three confidential submissions of 

concern to the EPA on issues associated with the proposed technology. 
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3.4.4 EMRC response to peer review 

In order to address the issues raised in the Independent Peer Review Panel report (Tetchner et al 2014), 

EMRC committed to undertake the following procedures: 

1. Reconsideration of component design to address: 

• peer review concerns with the syngas reformer and syngas treatment system design 

• layout to ensure sufficient space for maintenance accessibility. 

2. Undertaking of a comprehensive pre-construction testing program of the reformer and syngas 

treatment system at as close to design conditions as possible, within the limitations of the Ansac 

Bunbury facility, sufficient to confirm ability of the components to operate at design scale.  Key issues 

to be addressed will be: 

• development of a clear understanding of the expected mode of action within the syngas reformer 

• addressing the potential inadequacy of the system as identified by the peer review. 

3. Development of a comprehensive commissioning plan, based on a staged commissioning approach 

as appropriate and practicable. 

The review of the design of the syngas treatment system was to focus on ensuring the system can 

efficiently condition the gas to enable its use in the gas engines, involving inclusion of a two-stage 

scrubber rather than a single stage as previously proposed.  Resolution of this issue is critical in ensuring 

the capability of the plant to generate electricity, as the standard of gas conditioning is critical to engine 

performance. 

The pre-construction testing program was undertaken and involved modifying the Bunbury test facility to 

include a syngas reformer, to determine the characteristics of the syngas resulting from operation at a 

smaller scale than has been implemented in other commercial scale plants.  Oxygen was introduced to the 

reformer once the system reached steady state.  A high efficiency scrubbing system installed at the test 

facility was used to replicate the proposed system.  Gas output from the scrubber was sampled and 

analysed during three states of operation: 

1. With no reformer in place. 

2. With reformer in place, but no oxygen introduction. 

3. With reformer in place and operating with oxygen addition (at various temperatures). 

The Ansac Bunbury testing facility does not have the capability to test the relevant components at the 

proposed design scale for Hazelmere.  However, given that the reformer technology can be considered 

proven at larger scales and the issue is whether it will operate at the proposed smaller scale, the proposed 

testing at a smaller scale enabled a reasonable level of confidence in extrapolation of testing results to the 

proposed design scale. 

EPA accepted the proposal to implement these commitments, which were completed in early June 2015 

and the results reviewed and reported by Strategen (2015).  A copy of the test report is presented in 

Appendix 3.  In summary, the report concluded the following: 

“The tests conducted at the ANSAC WWTE Test Facility indicate that the process performs as 

described in information provided for environmental approvals.  Importantly, the Test Facility has 

been successfully reconfigured and commissioned to replicate the proposed Hazelmere facility.  

Key process elements including the pyrolysis kiln, the reformer and SACTO performed as 

designed to produce good quality and quantity of syngas. Good control of the operating facility 

was achieved in the test program which provides useful knowledge for final design and 

commissioning of the proposed Hazelmere facility.  The Test Facility scrubber performance 

requires optimisation and possible changes made to improve and maintain scrubbing efficiencies 

and minimise fouling issues from the tars.  This will provide the ability to conduct additional testing 

if necessary to support the final design phase of the project for the proposed facility at 

Hazelmere.” 
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The testing process and Strategen (2015) report were peer reviewed by Professor Dongke Zhang 

(Director, Centre for Energy, University of Western Australia ).  Professor Zhang noted the following: 

“On the basis of my assessment of the trial data, I can confidently conclude that the syngas 

reformer has now been demonstrated at sufficiently large scale to be considered sound and 

feasible at the scale proposed at Hazelmere. 

I also consider that the trial has demonstrated that the syngas reformer technology proposed to 

be used at Hazelmere can be considered to be proven technology, but just not at the scale 

proposed, and therefore is consistent with Recommendation 3 of the EPA’s section 16(e) advice 

as it relates to this component.” 

A copy of this peer review report (Zhang 2015) is presented in Appendix 4. 

3.4.5 Environmental Protection Authority recommendation 

The EP Act s 16(e) advice to the Minister for the Environment on waste to energy technologies sets out six 

principles “as key to the successful operation of waste to energy plants in Western Australia” (EPA 2013a).  

The first principle identified by the EPA is: 

“Only proven technology components should be accepted for commercially operating waste to 

energy plants. 

Recommendation 3 of the EPA s 16(e) advice is: 

“Waste to energy proposals must demonstrate that the waste to energy and pollution control 

technologies chosen are capable of handling and processing the expected waste feedstock and 

its variability on the scale being proposed. This should be demonstrated through reference to 

other plants using the same technologies and treating the same waste streams on a similar scale, 

which have been operating for more than twelve months.” 

The detailed requirements of the recommendation are set out in the s 16(e) advice as follows: 

“In assessing waste to energy proposals, the EPA will seek for proponents to demonstrate that: 

• The technology for each component in the proposed configuration of the plant has 
operated reliably elsewhere; 

• The combination of technologies for the components can operate well within emissions 
standards equal to the European Union’s Waste Incineration Directive (WID); 

• The technology for each component has a successful track record in treating the same 
waste streams as those proposed; 

• If possible, the technology for each component has been operated at a similar scale or 
have a track record at a lower scale that can be reasonably upscaled; and 

• If possible, the configuration of components of the plant has also been previously 
demonstrated elsewhere.” 

These five criteria are addressed in turn in the following sections. 

Reliable operation of each component 

The WWTE plant can be described as a series of unit operations that will result in the conversion of waste 

to energy.  The combination of unit operations is relatively unique and is the subject of the Clean 

Technology Innovation Grant.  However, each of these unit operations represents established 

technologies.  Suppliers have been selected on the basis of knowledge and experience in respective 

fields.  EMRC is also asserting the application of best practice engineering standards underpinned by a 

risk mitigation approach. 
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There are several commercial scale examples of pyrolysis technology utilising biomass feedstock in 

various other countries as detailed in the peer review panel report (Tetchner et al 2014) and re-presented 

in Table 4.  Each of the specific components of the proposed waste wood to energy plant has been reliably 

operated in various forms and scales in other applications. 

The key components of the technology that cannot be demonstrated as having been proven in form and 

scale are the gas reformer and gas treatment systems, as confirmed by the peer review.  The feedstock 

system, internal combustion engine (syngas driven), and generator are long established and can be 

considered proven components. 

In view of the technology development aspects, EMRC is undertaking a comprehensive risk mitigation 

program, which includes the following: 

• feasibility and engineering study (completed) 

• peer reviews of engineering design (completed) 

• design and safety review (completed – but to be revisited in response to peer review comments) 

• full HAZOP study (planned for the second half of 2015) 

• comprehensive testing program of reformer and syngas treatment system at Ansac Bunbury test 

facility (see Section 3.4.4) 

• development of a comprehensive staged commissioning program 

• design and construct contract with Ansac, which contains provisions for performance testing 

(including emissions criteria) and liquidated damages for non-performance. 

This program will significantly reduce the risk of low level performance, which if it occurred, would result in 

a higher load on the tar scrubbers and lower syngas production.  This could be offset by feeding more 

feedstock to the kiln to produce more syngas and electricity.  That is, the potential adverse outcome would 

be limited to a reduction in overall plant efficiency, without any additional environmental or safety risk. 

Operation within WID emissions standards 

The PER (Section 6) discusses the expected emission levels and conformance with the WID standards in 

detail, and the criterion can be considered to be adequately met. 

EMRC considers the specific applicability of WID standards to a pyrolysis plant to be questionable as the 

standards apply to incineration as defined in the EU directive (see discussion in Section 3.3).  The EU 

Court decision in the matter of Lahti Energia Oy and combustion of non-purified syngas in a power plant 

boiler implies that a facility, which purifies the syngas for combustion in a power plant, is not considered a 

co-incineration plant.  The WID and associated emission limits are consequently not applicable to the 

combustion of clean syngas to generate electricity (EU 2010).  Nonetheless, as stated in the PER, air 

emission investigations have demonstrated compliance with European Union WID emission criteria 

(2000/76/EC) when raw syngas is combusted in the SACTO under bypass conditions.  This view is 

supported by the conclusions of the peer review. 
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Table 4:  Reference list of operational pyrolysis plants 

Company 
Project 
Location 

Date 
constructed 

No of 
Kilns 

Type of 
Process 

Op. 
Temp 

Feed  

Material 
Feed Rate  Energy conversion Outputs Status 

Extra 
Information 

Greenlight Energy 
Solutions 

CA USA 

Moscow 
Russia 

2011 1 Pyrolysis 750°C MSW 

RDF 

11 tph Piston Gas Engine 
Co-generation 

5-7 MWe Operating, 
building 2nd 
plant  

New order 
placed in 
East Russia 

TECH TRADE 
Gmbh 

Germany 

Hamm 

Germany 

2001 2 Pyrolysis 500-
650°C 

MSW 

RDF 

Sewage Sludge 

100,000 tpa Power Station 
Boiler 

Support Gas Upgraded 
2006 by 
RWE 

Design 
licensed in 
Japan 

Mitsubishi Heavy 
Industries Japan 

Japan 2007-2014 6 Pyrolysis 450-
800°C 

Wood Chip, 
Sewage & 
Sludges 

95-100 tpd Boilers & Steam 
Turbines 

 All plants 
running 

Design  
through co-
operation & 
licensing 
between 
Germany & 
Japan 

NEAT Technology 
Group Ltd. 

UK 

Avonmouth, 

England 

June 2013 16 Pyrolysis & 
Gasification 

9500C 

1250°C 

RDF/SRF 144 tpd 
(120 ktpa) 

Steam Plant & I.C. 
Engines 

13 MWe 1st phase 
operational 
(6MWe) 2nd 
phase 
comm. 

Process 
kilns 1 tpd 
each 

ENCORE Ltd 

Canada 

USA 2012 3 Pyrolysis  Wood 
Chip/Tyres 

6.25 tph/pu Syngas & Liquid 
Fuel 

Liquid fuel  + 
Electricity 

Operating  

ENSYN 

Canada 

Canada & 
USA 

1989-2007 7 Fast 

Pyrolysis 

510°C Wood 100 tpd N/A Liquid biofuel Operating  

THIDE 
Environmental 

France 

France & 
Japan 

2003 

2005 

3 EDDITh 
Pyrolysis 

400-
700°C 

MSW, C&I, 
Sewage Sludge 

25,000 tpa -
70,000 tpa 

Syngas to Steam Char & Heat  Operating  

BTG 

Netherlands 

Malaysia 2005 
onwards 

2 
Vertical 

Fast 

Pyrolysis 

450°C+ Palm Oil 
Residues 

50 tpd & 

100 tpd 

Steam & Liquid 
biofuel 

Biofuel Oil & 
Power 

Both are 
operating 

 

ACTI (American 
Combustion 
Technology) 

CA USA 

USA & 
Caribbean 

2008 & 

2014 

4 

4 

Pyrolysis N/A Coal 

MSW 

25 tph 

6.25 tph x 4 

Power & Liquid 
Fuel 

Power & 
Liquid Fuel 

Operating 

Building 

 

Dynamotive 
Limited 

Canada 

Ontario 

Canada 

2008 & 2010 2 Fast Pyrolysis N/A Wood Wastes/ 
Biomass 

4 tph or 100 tpd 
& 8 tph or 200 
tpd 

BioOil & Biochar BioOil & 
Biochar 

Running  
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Successful treatment of same waste streams 

In considering examples of commercial scale in the Reliable operation of each component section above, 

the majority of waste streams have been some form of chemically treated or processed wood, rather than 

clean wood waste.  A reasonable assumption can be made that if the input feedstock is essentially cleaner 

and more homogeneous than in the operating examples, the emissions should be able to be more 

accurately controlled and predicted. 

Track record at similar or other scales 

Given the above, EMRC submits that the capability of the technology of each component can confidently 

be considered to have demonstrated as having an acceptable track record at similar or other scales 

sufficient to be successfully translated into the configuration of the proposal, subject to addressing issues 

associated with the syngas reformer and gas treatment systems, as identified by the peer review. 

Previous demonstration of configuration 

In terms of the specifics of Recommendation 3 of the EPA s 16(e) advice, that the proponent should 

demonstrate capability “through reference to other plants using the same technologies and treating the 

same waste streams on a similar scale, which have been operating for more than twelve months”; this 

criterion cannot be met as such.  There are no operating examples of the full configuration of components 

as proposed, this being the innovative aspect of the proposal, and a criterion for qualification for the 

Commonwealth Government grant under the Clean Technology Innovation Program.  However, the 

detailed requirements set out under this criterion in the s 16(e) advice only propose that this be 

demonstrated “If possible, …”.  Any failure to meet this criterion should not be considered as not being 

able to demonstrate environmental acceptability per se.  To do so would effectively stifle innovation in an 

important and developing industry that has the potential to deliver significant positive environmental 

outcomes in both the waste and energy sectors. 

A recent example of environmental acceptability of an innovative configuration is demonstrated in the EPA 

assessment of the New Energy Corporation proposal for a waste to energy materials recovery facility at 

Port Hedland (EPA 2013b).  The EPA made the following statement in relation to the system, which is 

proposed to generate 18 MW (c.f. 3.5 MW in the EMRC Proposal): 

“The EPA notes that components such as heat exchangers, boilers, generation plants and air 

pollution control systems are robust well proven technologies for WtE facilities … the EPA notes 

that while the key components of New Energy’s plant (i.e. MRF, gasifier, heat exchanger, boiler, 

process control, steam generation plant and air quality control system) are all proven 

technologies with examples operating elsewhere, the size, and configuration proposed will be 

particular to the Boodarie plant.  As such, the EPA considers that the detailed design, 

Engineering Procurement and Construction (EPC) phase and, importantly, commissioning phase 

are most appropriately considered through the Works Approval process under Part V of the 

EP Act.” 

Table 5 sets out a comparison of the relevant characteristics of the EMRC and New Energy Corporation 

proposals. 
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Table 5:  Comparison: Hazelmere Wood Waste to Energy Plant and Port Hedland Waste to Energy and 

Materials Recovery Facility 

Characteristic 
Hazelmere Wood Waste to Energy 
Plant 

Port Hedland Waste to Energy and 
Materials Recovery Facility 

Technology Wood waste kiln combustion, syngas 
reforming, and cleanup, spark ignition 
engine, and generator, with thermal oxidiser 
and stack and air quality control system. 

Mixed waste gasification, gas combustion, 
heat exchange, steam generation, steam 
turbine and air quality control system. 

Design stage Detailed design stage. Preliminary design stage. 

Feedstock type Clean chipped wood waste. Mixed wastes including: 
• construction and demolition waste 

• commercial and industrial waste 

• metropolitan solid waste 

• waste tyres and conveyor belts 

• green waste 

• small quantities of liquid waste. 

Feedstock rate Up to 13 000 tpa. Up to 255 000 tpa (of which 50 000 tpa 
expected to be recovered rather than 
combusted). 

Energy production Up to 3.5 MW. 72 MW (4 x 18 MW units plus standby). 

Proximity to nearest 
urban area 

Approximately 1 km. Approximately 6 km (South Hedland). 

Proven at scale Syngas reformer and treatment systems not 
proven at scale proposed.  Have been 
proven at larger scales.  Other components 
considered proven. 

Gasification module proven at smaller scale 
than proposed. (14 MW cf 18 MW).  Other 
components considered proven. 

The New Energy Corporation proposal is significantly larger in feedstock and energy production capacity, 

utilising mixed waste, and is potentially less developed in terms of design progress.  While the New Energy 

Corporation technology has been proven at smaller scales, it has not been proven at the proposed scale 

(approximately 28% larger in terms of energy production expectations)  The EMRC proposal, while being 

closer to urban areas, is well progressed in design, and is at a smaller scale than operational plants 

elsewhere, based on similar technology.  The key issue related to the proven nature of the EMRC 

technology is whether the syngas reformer and treatment system can operate at the proposed scale.  This 

will be addressed through the EMRC commitments set out in response to the peer review (Section 3.4.4). 

The air quality risks from the EMRC proposal to the more proximate urban area have been addressed in 

Sections 3.1 and 3.2. 

3.4.6 Safety aspects 

Several submissions related to near-field safety aspects of the proposed WWTE plant. 

The design and operation of the EMRC plant will be required to comply with all relevant Australian 

Standards under the conditions of the contract between EMRC and Ansac, to the extent that these 

standards are available.  In the absence of a specific Australian standard for design of pyrolysis kilns, the 

British standard (EN746 Parts 1, 2 and 3) will be complied with to ensure the very latest best practices are 

applied to the project. 



 Hazelmere Wood Waste to Energy Plant 

EMR14141_01 R002 Rev 5  

17-Jul-15  20 

In this particular project, EN746 will specifically cover the following: 

1. Part 1 - Common safety requirements for thermal processing equipment: This part of EN746 

specifies the requirements to be met by the manufacturer to ensure the safety of persons and 

property during commissioning, start-up, operation, shut-down, maintenance periods and dismantling, 

as well as in the event of foreseeable faults or malfunctions which can occur in the equipment.  It 

specifies the safety requirements at stages in the life of the equipment, and its design, ordering, 

construction, use and disposal. 

2. Part 2 - Safety requirements for combustion and fuel handling systems: This part of EN746 

together with EN746-1 specifies safety requirements for single and multiple burners that are part of 

Industrial Thermoprocessing Equipment.  The standard deals with significant hazards, hazardous 

situations and events relevant to combustion and fuel handling systems when used as intended and 

under the conditions foreseen by the manufacturer. 

3. Part 3 - Safety requirements for the generation and use of atmospheric gases: This part of 

EN746 specifies safety requirements for atmosphere gas systems and their use in industrial thermo-

processing equipment and associated plant, including systems for the production of atmospheric 

gases by reaction inside the thermo-processing equipment. 

The proposed plant will be subject to a thorough safety risk assessment process, including a Hazard and 

Operability Study (HAZOP) to determine the appropriate Safety Integrity Level (SIL) and compliance 

requirement with Australian standards.  In the European Functional Safety Standards, based on the 

IEC 61508 standard, four SILs are defined, with SIL 4 being the most dependable and SIL 1 being the 

least.  After a series of safety risk assessments, the appropriate SIL level will be applied to the proposed 

EMRC plant.  This level will be determined based on a number of quantitative factors in combination with 

qualitative factors such as development process and safety life cycle management.   

Ansac will engage safety experts through this process to act as subject specialists and apply an element of 

independent assessment.  A copy of the HAZOP consultants brief can be provided if required. 

The Premier Coal Char Plant, which uses similar pyrolysis kiln technology, was subject to an independent 

review of explosion risk by HRL Industries, Melbourne.  The review found that the operational safety risks 

were adequately mitigated to satisfy the then Department of Mines.  

3.4.7 Other issues 

Assertions in the public submissions involving other unit operations in the WWTE plant unrelated to air 

pollution control are unfounded.  EMRC has conducted due diligence of the Ansac technology as a key 

supplier (of the pyrolysis kiln) and other related parties.  Given the relative unique combination of unit 

operations, EMRC is satisfied that the residual risk remains only with long-term commercial operation.  The 

financial support commitment from the Australian Government grant to Ansac under the Clean Technology 

Innovation Program is a clear demonstration that the residual commercial risk is considered low. 

EMRC is aware of at least two demonstration pyrolysis plants in Australia and others overseas.  The 

primary concerns of EMRC in investing in this technology are that the health and safety of workers and the 

community are protected, and the proven nature of the technology. 

3.4.8 Environmental risks 

Given the above demonstration with respect to each of the criterion identified by the EPA s 16(e) advice as 

having to be considered in assessing waste to energy technologies, the environmental risk from 

implementation of the proposal is demonstrably low, subject to the commitments outlined in the EMRC 

response to the peer review issues (Section 3.4.4).  Operation of the plant as proposed will not result in 

exceedance of any air quality standards.  Any unexpected events likely to result in adverse atmospheric 

emissions will be closely regulated under the EP Act Part V approvals, would be short-term, and 

consequently minor in terms of the magnitude of any potential adverse environmental effects, particularly 

given the scale of the plant. 
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The process flow diagram of the plant showing the relationship of the various plant components is 

presented in Figure 5.  A diagrammatic Risk Management Analysis of the major plant components is 

presented in Figure 6, which summarises the following for each component: 

• function of each component 

• extent to which each component technology has been considered proven by peer review 

• potential issues with each component raised by the peer review 

• responses and contingencies proposed to address those issues 

• residual process risk and environmental risk. 

This analysis clearly shows very low residual environmental risks are associated with all components of 

the plant.  The feedstock, char handling, engines and generators, and SACTO thermal oxidiser and flare 

stack also returned very low residual process risks.  The low and low–medium residual risk categories are 

limited to process/operational aspects of the kiln, and syngas reformer and treatment systems, and will be 

a focus of the proposed pre-construction testing program and the commissioning process.  No component 

returned a residual process risk level above low–medium. 

There is a possibility of deviation from the expected performance during the commissioning phase, as is 

the case with most commissioning operations.  The small scale of the plant, with a feedstock input rate of 

about 3 t/hr will be the primary limit on the magnitude of any adverse atmospheric emissions.  If, during the 

commissioning phase, the syngas product from the kiln and reformer is not sufficiently clean, the internal 

combustion engine will not run, and the plant would be shut down until the fault is rectified.  The unburnt 

syngas product would be disposed of through the SACTO as modelled in the PER, with limited effects in 

terms of atmospheric emissions.  Shut down and reduced feedstock input scenarios have been modelled 

and the results presented in the PER.  The expected actual duration of such events would be less than 

30 minutes.  The staged commissioning process is detailed in Section 6.4.7 of the PER, and will be 

developed in detail following the HAZOP process. 

Given the high design standards to be applied to the proposed plant as outlined in Section 3.4.6, and the 

small scale of the plant such that there will be less than one tonne of feedstock being present in the kiln at 

any one time, the likelihood of any event that will threaten public safety in terms of either explosion risk or 

adverse atmospheric emissions is considered negligible. 

3.5 Conformance with EPA recommendations 

Several submissions commented that the Proposal did not conform to several of the EPA 

recommendations in the report on Waste to Energy plants in Western Australia: Environmental and health 

performance of waste to energy technologies (EPA 2013a).  The Proponent responses to the submission 

comments against each recommendation are presented in Table 7. 
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Figure 5:  Process flow diagram 

 

Modified from diagram provided by Ansac 
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Figure 6:  Risk management analysis of peer review comments on major process components 

 

Feedstock System
FUNCTION:FUNCTION:FUNCTION:FUNCTION: Introduces wood chips at a controlled rate to pre-dryer, then to kiln.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Feed system is conventional technology, well proven at commercial

scale elsewhere.  Pre-dryer heat exchanger is 'off the shelf' equipment for biomass

thermal processing facilities.  Plug technology is mature and well proven at commercial

scale elsewhere,

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

BlockagesBlockagesBlockagesBlockages: Plant receives a screened wood chip.  Feeder design incorporates

reversible feed auger.  Screw conveyer from pre-dryer to kiln has feed plug isolation

valves installed

Spontaneous combustion of wood chipsSpontaneous combustion of wood chipsSpontaneous combustion of wood chipsSpontaneous combustion of wood chips from hot drying air: Temperature of

drying air is controlled by recuperator to maximum 250oC, well below combustion

temp of 400oC.

Air ingress to kilnAir ingress to kilnAir ingress to kilnAir ingress to kiln must be prevented: Plug isolation valve installed. Nitrogen

purge to be fitted with O2 alarms.

Homogeneity of feed,  specification/composition for chlorine and sulfurHomogeneity of feed,  specification/composition for chlorine and sulfurHomogeneity of feed,  specification/composition for chlorine and sulfurHomogeneity of feed,  specification/composition for chlorine and sulfur

lower than experienced elsewhere: Screened wood chip is supplied to plant.  Syngas

purification system (syngas reformer, scrubber, gas cooling and filtration) and SACTO

for excess syngas installed.  Acceptable impacts demonstrated in mass balance for

SACTO operating on raw syngas for higher feed concentrations of chloride and sulfur.

Syngas purification has considerable redundancy for removal of these substances.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Very low risk to process operation.

Very low risk to environment.

Syngas Treatment
FUNCTION:FUNCTION:FUNCTION:FUNCTION: Cleaning and conditioning of syngas, particularly removal of tars, dust,

acids gases, heavy and alkali metals, ash and char particles.  Drying and cooling of gas

for entry to engines.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Technology is well established at a range of scales.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

One scrubbing tower may be insufficientOne scrubbing tower may be insufficientOne scrubbing tower may be insufficientOne scrubbing tower may be insufficient:  Design will be revisited through

the HAZOP review and a comprehensive testing program and modifications made if

required (including additional tower if necessary).

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Low to medium process risk if syngas treatment is inefficient.  Design review,

HAZOP, and pre-construction testing should eliminate residual risk by ensuring

efficient treatment.

Very low environmental risk.

SACTO Thermal Oxidiser and Flare Stack
FUNCTION:FUNCTION:FUNCTION:FUNCTION: To safely control and fully combust syngas not used in the gas engines or

kiln.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: SACTO is high efficiency secondary combustion chamber, with design

being widely utilised in commercial applications.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

Design can be tested and modelledDesign can be tested and modelledDesign can be tested and modelledDesign can be tested and modelled to prove compliance with emission

standards.  Design will be tested and modelled to confirm meeting of emission

standards.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Very low process risk.

Very low environmental risk.

NOTE:NOTE:NOTE:NOTE: SACTO operating temperature and residence time is sufficient to ensure

emissions will not exceed WID limits.  Mass balance supports this position.

Syngas Reformer
FUNCTION:FUNCTION:FUNCTION:FUNCTION: Removes condensables and tars by cracking them into short chain hydrocarbons

with injection of oxygen to raise temperature and creation of endothermic catalytic reaction.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Filtration bed reformers are commercially utilised on much larger scale in

commercial hydrocarbon processing facilities.  Process is chemically viable but requires

optimisation at proposed scale.  Not proven at the proposed smaller scale.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

Reformer process not proven at proposed scaleReformer process not proven at proposed scaleReformer process not proven at proposed scaleReformer process not proven at proposed scale: Design is proven at larger than

design-scale.  Smaller than design-scale unit to be tested at Bunbury test facility prior to

construction.  Design will be modified if necessary.

Inefficient clean up of syngasInefficient clean up of syngasInefficient clean up of syngasInefficient clean up of syngas could overload scrubber with possibility of dirty syngas

reporting to engines: Reformer optimisation is key component of commissioning and early

operational activities.  Downstream wet scrubber installed to remove tars and

condensables that pass through reformer.  If syngas not sufficiently cleaned then syngas

treatment system will carry extra duty, with require gas engines operating at lower

efficiency; which can be compensated for by increased feed stock rate.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Low to medium process risk.  Reformer will be primary focus of commissioning process.

Very low environmental risk.

NOTE:NOTE:NOTE:NOTE: Risk is primarily process based, since "dirty" syngas cannot be used for gas engine

fuel and reforming process must be optimised during commissioning to ensure clean

syngas can be produced.

Kiln Pyrolysis Unit
FUNCTION:FUNCTION:FUNCTION:FUNCTION: Converts wood chip feed material into synthesis gas (syngas) and biochar.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Kiln design proven with over 200 installations at various scales.

Improvements implemented for current design yet to be tested at commercial scale.   Kiln

technology well proven for activated carbon production/regeneration, including Premier Coal

char plant.  Rotary kiln pyrolysis facilities are operating elsewhere.  Inert gas sparging is

mature technology, well proven at commercial scale elsewhere.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

Kiln design not fully tested at proposed scaleKiln design not fully tested at proposed scaleKiln design not fully tested at proposed scaleKiln design not fully tested at proposed scale:  Kiln scale is smaller than other

proven applications.  Smaller than design-scale kiln to be tested at Bunbury test facility

prior to construction.

Integrity of mechanical sealIntegrity of mechanical sealIntegrity of mechanical sealIntegrity of mechanical seal at high temperature end of kiln: Utilises redesign of

Premier Coal kiln to include full encompassing High Temperature Bellows supplied by

ISO:9001 certified manufacturer.

Risks during start up and shut downRisks during start up and shut downRisks during start up and shut downRisks during start up and shut down: Feed introduced after kiln temp > 650oC.

Nitrogen purge during start up and shutdown to eliminate risk of combustion.

Change over of burners from natural gas to syngasChange over of burners from natural gas to syngasChange over of burners from natural gas to syngasChange over of burners from natural gas to syngas: Dual fuel burners to be used,

which is commercially available technology.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Residual risks are entirely operational if kiln design is not optimal for syngas production.

Residual risk level is low.

Very low environmental risk.

Spark Ignition Engines and Generators
FUNCTION:FUNCTION:FUNCTION:FUNCTION: To use conditioned syngas to generate electricity.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Proposed types of engines are used extensively internationally at a

range of scales, including proposed scale.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

Emissions must meet relevant emissions standardsEmissions must meet relevant emissions standardsEmissions must meet relevant emissions standardsEmissions must meet relevant emissions standards: Air quality modelling

has demonstrated that ground level concentrations of all emissions are well within

accepted standards at three isolated nearby receptors, and are significantly lower

at closest urban areas.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Very low process risk.

Very low environmental risk.

FEEDSTOCK

RAW SYNGAS

Char Handling System
FUNCTION:FUNCTION:FUNCTION:FUNCTION: Collect and cool char from reformer unit.

PROVENNESSPROVENNESSPROVENNESSPROVENNESS:::: Proposed equipment is used extensively elsewhere.

POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:POTENTIAL ISSUES: RESPONSES AND CONTINGENCIES:

Dust and combustion of charDust and combustion of charDust and combustion of charDust and combustion of char: Addressed by quenching char in a water bath.

POTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISKPOTENTIAL RESIDUAL RISK:

Very low process risk.

Very low environmental risk.
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3.6 Quality control of feedstock 

Several submissions expressed concerns regarding the ability of EMRC to ensure quality control of the 

wood waste feedstock to the kiln, and on the ongoing availability of feedstock. 

EMRC currently deals with this issue at the Hazelmere Recycling Centre and has existing acceptance 

criteria for wood waste that are made known to customers and are identified on the EMRC website.  CCA 

treated timber is not accepted and if detected in loads of timber waste, all or part of the load is charged a 

contaminated gate fee and the material separated and sent to landfill.  The site contains signage on 

acceptance criteria and there is a good level of customer awareness.  Fees for different categories of 

timber waste are listed on the EMRC website. 

EMRC trains staff on identification of different waste timber and has a quality assurance program using an 

independent laboratory to test for various parameters in the wood chip, including chrome, copper and 

arsenic. 

In implementing the Proposal, EMRC will continue to improve the level of operator training to ensure 

stringent acceptance standards will be applied.  This will include spot testing of loads for the presence of 

CCA timber, using indicator reagents and/or hand held electronic detectors.  A management procedure is 

also being developed to encompass the existing control procedures. 

3.7 Alternative uses for untreated wood waste 

Several submissions express a concern that the wood waste to be used in the WWTE plant could be used 

for more beneficial purposes that are more preferred in the WA Waste Hierarchy. 

The wood waste to be used by the WWTE plant is waste of a quality that is unsuitable for recycling or 

reuse.  If the waste wood were not used in generating electrical power, it would be disposed to landfill 

(which is the lowest option in the waste hierarchy).  Accordingly, it is proposed for use in an energy 

recovery process that has a higher preference in the hierarchy to disposal to landfill.  The WA Waste 

Hierarchy (Waste Authority 2013) notes that the resource recovery “…option generally delivers a net 

environmental benefit.  Resource recovery also minimises the need for disposal (to landfill)”.  The Waste 

Hierarchy “...is not intended as a standalone assessment tool, rather, it should be used alongside other 

assessment tools to analyse the full environmental, economic and social impacts of waste management 

options.”  The proposed WWTE process generates a positive electrical power outcome, reducing the need 

for electricity generation by less environmentally benign processes. 

Use of waste wood in compost requires shredding and grinding to a fine product (which is energy and cost 

intensive), and requires feedstock to be green timber.  The waste wood inputs to the site are seasoned dry 

timber, which is shredded and ground to a fine and coarse product, with the market for the fine product 

established in the animal bedding sector.  There is a cost issue in further grinding of the coarse product to 

enable its use in other processes such as composting, notwithstanding that this wood chip does not 

efficiently or effectively compost. 

The Proposal is consistent with the Waste Hierarchy when considered in terms of the nature of the waste. 
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3.8 Alternative site options 

Several submissions raised the issue of use of alternative sites for the Proposal, because of proximity to 

the Perth CBD, the airport and surrounding suburbs. 

EMRC considered other site options, including Red Hill, and determined that, because of compliance with 

current planning zonings and the source catchment, the Hazelmere site was the most appropriate of 

options available within its jurisdiction.  With the exception of composting of green waste and a residential 

recycling drop-off area, Red Hill is a landfill for mixed waste that cannot be recycled or reused.  The timber 

processing operation is already established at Hazelmere and it is not considered economic to transport 

the wood chip to Red Hill.  The timber grinding operation at Hazelmere uses electricity from the grid, and 

the WWTE plant replaces this.  The Hazelmere industrial area has a number of consumers of electricity 

who are potential customers for the WWTE electricity. 

The Proposal site is zoned ‘industrial’ under the Metropolitan Region Scheme (MRS) and ‘industrial 

development’ under the current Town Planning Scheme (TPS17).  Adjacent lots to the west are zoned 

‘rural’ under MRS and ‘rural residential’ under TPS17.  The Hazelmere Enterprise Area (HEA) Structure 

Plan (City of Swan 2011) outlines the potential future zoning changes likely to be implemented.  The site 

will be zoned 'general industrial' in the HEA Structure Plan. 

The air quality modelling confirmed that the site would not result in unacceptable changes to the air quality 

at sensitive receptors within the industrial zoned area (see PER Section 6, and Section 3.1 of this 

Response to Submissions document).  GLCs within the urban areas surrounding the industrial area will be 

lower again. 

From this, the proposed Hazelmere site can be considered to be the most highly desirable, available and 

viable option for the proposed facility. 

3.9 Potential future expansion 

Several submissions raised concerns regarding the possibility of EMRC expanding the WWTE plant in the 

future. 

Any resulting approvals of the current Proposal under both Part IV and Part V of the EP Act will not permit 

any expansion without appropriate applications and appropriate assessments under those statutes. 

Any proposed change to the Proposal would fall under Section 45C of the EP Act, which prohibits the 

Minister from approving the change(s) if the Minister considers that the change(s) might have a significant 

detrimental effect on the environment in addition to, or different from the effect of the approved Proposal.  

In this case, the proponent is usually required to undergo a full assessment of the change(s), as if it (they) 

were a new proposal.  This full assessment would be expected to involve appropriate community 

consultation, review and comment as input into any approval decision-making. 

Similarly, if the proposed change fell outside the limits of the Works Approval or prescribed premises 

licence issued under Part V of the EP Act, DER would require a resubmission of the Works Approval 

Application, and it would be treated as if it were a new proposal.  This would include public advertising and 

opportunity for the community to comment. 

Given that any proposed future expansion would follow experience with operation of the current Proposal, 

including the monitoring of emission levels and impacts, any expansion application(s) would be 

substantially informed by operation of the current Proposal. 

3.10 Responses to summarised submissions 

The summarised submissions and responses to the issues raised are presented in Table 6 through 

Table 15.  
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Table 6:  The proposal – general comments 

Item Submission and/or issue Response 

Submitter: Alliance for a Clean Environment (ACE); Hon Michelle Roberts MLA; National Toxics Network (NTN); Public submitters 

In summary, the submitters contend that: 

1. The Western Australia (WA) Minister for Energy publicly announced that WA has an energy 
generation infrastructure overcapacity (March 2014) which negates the EMRC's justification for this 
project, which will result in the unnecessary destruction of a useful resource.   

The primary justification for the Proposal is to self-generate electrical power for the EMRC site, 
and to consequently reduce reliance on the SWIS grid.  However, the economics are based on 
the sale of electricity (after supplying the WWTE and timber grinder requirements). There is a 
demand for renewable electricity in the market.  The WWTE plant is using a renewable 
resource and making renewable electricity as defined by the Independent Market Operator. 

2. There are indications within the PER that the parasitic energy load of this proposal is so high that it 
fails to meet the energy efficient requirements of the EPA devolved from the European Union (EU) 
requirements. 

The R1 Efficiency Indicator is not considered applicable to the WWTE plant as the proposed 
feed is wood chip and not municipal solid waste as indicated in EU Directive 2008/98/EC, which 
states “this includes incineration facilities dedicated to the processing of municipal solid waste 
only…”  (footnote to Recovery Operation R1, Annex II).   

The design brief for the project indicates parasitic electrical load will be 7.8% of power 
generated at full load conditions and parasitic gas usage from syngas firing of kiln burners 
represents 23% of the syngas produced in the pyrolysis process on an annual basis. 

The EU WID energy efficiency requirements and calculation method are relevant to facilities 
that raise steam in a boiler from incineration of waste and potentially have waste steam, which 
can be exported for heating.  The proposed WWTE plant does not raise steam and export heat 
and; therefore, the requirements and methodology are not applicable for to that plant. 

3. There should be an increase in the support of recycling and composting sectors in WA to achieve a 
goal of sustainable zero waste and renewable technologies such as wind, solar and wave power. 

This is a matter for Government, and beyond the scope of this Proposal given the current 
technologies available to achieve this aspirational goal. 

4. If the plant is approved in its current form there is nothing to stop the EMRC from seeking a 
variation to its approval in the future.  Variations could include doubling the capacity of the plant or 
seeking approval to burn waste materials other than clean wood.  Any modifications to the proposal 
should be subject to public scrutiny. 

See Section 3.9 for a detailed response related to this issue. 

5. The PER states that this is a “3.5 MW Wood Waste to Energy (WWTE) plant”.  The Works Approval 
application for the same plant indicates that this is a “3 MW Waste Wood to Energy plant located on 
Part Lot 100 and Lot 201 Lakes Road, Hazelmere.  There is no explanation as to how the power 
output has increased by 16 percent yet there have been no changes in the emissions output data 
from the Works Approval document to the PER document for the same proposal. 

The nominal power output from the plant as applied for in the Works Approval and as described 
in the EP Act s 38 referral document was 3 MW.  However, subsequent to the referral, and 
following discussions with OEPA officers, it was agreed that after accounting for generator 
efficiency issues and considering potential maximum outputs of the eight 500 kW generator 
units, the output level should be increased to 3.5 MW, as stated in the PER.  There was no 
change to generator specifications, and no changes to emission rates will occur as a 
consequence.  The Works Approval application will be amended accordingly. 

6. A valuable resource which has available options for reuse and recovery that sit much higher on the 
waste hierarchy (such as bedding, composting, anaerobic digestion with energy generation) will be 
destroyed to produce a small amount of energy and converting the remainder of the material into a 
toxic char destined for landfill.  The EMRC’s decision to send wood waste to landfill rather than 
produce fines is not justified as there is a large existing market for wood fines and this is 
acknowledged by the proponent. 

See Section 3.7 for a detailed response related to this issue. 
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Item Submission and/or issue Response 

7. The SWERF gasifier in Wollongong is the only comparative plant to operate in Australia and was 
an environmental and economic failure which breached emissions limits repeatedly.  A significant 
contributor to the high arsenic levels was contaminated timber in their feedstock, and there are 
concerns that treated timber would be used if the EMRC facility was constructed. 

The SWERF gasification plant in Wollongong treated household waste, involving a pre-
treatment process to produce a dry organic feed that was subsequently gasified and the syngas 
used to feed gas engines.  The Hazelmere WWTE plant is different technology, different 
feedstock and projects safe emissions.  Feedstock controls are discussed further in 
Section 3.6. 

Other examples of the technology are the Pacific Pyrolysis plant in Gosford, NSW. 

8. The EMRC claim that the industrial charcoal resulting from the process can be sold to the 
agricultural sector as a soil amendment or as co-fuel for brickworks, but there is currently no market 
in Australia for this incineration residue and it will most likely be landfilled if no market is found.  The 
EMRC advised that the brickworks industry in the area were already using biochar as fuel, which is 
a change to their licence without public notification and highlights the ease at which industrial 
licences can be changed without public awareness. 

The potential end-use of bio-char is discussed in Section 3.3. 

9. Use of biochar should be prevented until the emission profile is established, as biochar from 
pyrolysis incineration in other parts of the world has had high levels of heavy metals, persistent 
organic pollutants and Polycyclic Aromatic Hydrocarbons (PAHs), which are carcinogenic.  
Contaminant levels of PAH and dioxins may require disposal in Class 4 waste cells making it an 
expensive option.  Concerns were also raised in relation to storage, transport and disposal of this 
material and whether this has been consulted with the regulator for dangerous goods and for fire 
safety. 

The potential end-use of bio-char is discussed in Section 3.3. 

The ESD from EPA did not identify bio-char as an issue of environmental concern for this PER.  
Nonetheless, the low concentrations of heavy metals in the bio-char determined from the mass 
balance (which are a direct reflection the levels in the wood feed material) will not trigger 
classification for Class IV landfill.  The low (non-detect) levels of chlorine in wood waste and the 
absence of oxygen in the pyrolysis process precludes formation of dioxins.  PAH formation is 
not favoured at the high pyrolysis temperatures proposed for the Hazelmere facility (for 
example, see Keiluweit, et al 2012).  As a consequence the bio-char is not expected to qualify 
as Class IV classification.  

10. Whether the biochars produced would meet developing standards as soil additives and if there is 
potential for self-heating.   

The potential end-use of bio-char is discussed in Section 3.3.  Any end-use would be subject to 
the appropriate legislative regulation in place at the time.  The bio-char exiting the kiln is 
quenched in water to reduce its temperature to ambient levels, which reduces the potential for 
fire hazard.  Bio-char storage hazards will be examined during the final design safety review to 
minimise the risk of fire from bio-char and bio-char dust. 

11. Adequate justification is not provided for the location of the proposal, considering there are more 
suitable locations outside of the metropolitan area away from residential land use, such as north of 
Muchea, Kwinana or Red Hill (where the assessment was undertaken for).  Neighbouring suburbs 
are already subjected to being in close proximity to numerous industrial producers, as well as 
transportation companies and fuel storage areas.  Also, the Guildford Swan Valley area is of 
environmental significance and heritage.   

See Section 3.8 for a detailed response related to this issue. 

12. If one incinerator is allowed in WA, this would build the way for further applications. The proposal is not an incinerator (see Section 3.3).  There are already several proposals for 
waste to energy plants in WA ,each of which would be expected to be subject to appropriate 
regulation and approval processes.  See Section 3.9 for further discussion. 

13. This addition to the Resource Recovery Park is an improvement in dealing with future timber waste 
in a clean and effective way, and will generate electricity to fund the cost of operating the Resource 
Recovery Park.  Because these pyrolysis units can be started up and closed fairly quickly it will be 
well suited to the electricity demands from local companies in the industrial park where the 
Resource Recovery Park is located.  It will also be possible to divert chipped timber instead of 
generating electricity. 

Noted and agreed. 
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Item Submission and/or issue Response 

14. The manufacturers of this pyrolysis unit have constructed and sold several hundred of these rotary 
kiln pyrolysis units which are operating at various points around WA.  What distinguishes this 
pyrolysis plant from many of those carbon regeneration units is that the syngas will be all burned by 
the combustion engines used to generate electricity as well as the biochar being able to be sold. 

Noted and agreed. 

15. The EMRC intends to do trials using wood chips.  However, the PER states that the feedstock 
would be restricted to wood waste, with no intention to process trees for wood chipping.  Trials will 
need to be conducted without exposing the local population to more unknown hazards. 

EMRC does not intend to conduct trials of wood chips as feedstock at the Hazelmere plant.  
Wood chip has been trialled by Ansac at Bunbury and this will be the feedstock for the WWTE 
plant. 

16. The PER does not mention the fire danger that is mentioned in the Works Approval Application, 
and how uncontrolled fires would be extinguished.  Fire at a gas producing plant could result in 
danger of explosion and this could impact neighbouring industrial sites and the bio-fuel rendering 
plant across the road. 

The design and the control philosophy for the WWTE plant is based on safe operation of the 
plant and minimising the potential for harm to plant, equipment and personnel.  Ansac has 
experience in the design and operation of this plant, and there has been independent peer 
review of the design. 

EMRC would conform to all fire safety regulations, with appropriate fire control and 
fire/explosion suppression equipment available on site, with staff trained in its use. 

17. There is uncertainty whether the due diligence background checks was undertaken for the Ansac 
technology, since the technology has not been developed anywhere else in the world. 

See Section 3.4 for a detailed discussion of the proven nature of the Ansac technology.  EMRC 
has conducted appropriate due diligence with respect to Ansac and the technology. 

18. There appears to be no discussion around operator competency and training.  This will be a 
dangerous and complicated process to operate and intensive training would be required. 

As part of the contract with Ansac, operating and maintenance procedures will be developed for 
the safe operation of the plant.  This will include appropriate training of operations personnel for 
the start up and commissioning of the plant. 

19. No reference is made to what recognised Australian or International quality control standards are 
required to be in place, and adhered to, by the manufacturers of the pyrolysis equipment for this 
plant.  A plant of this nature and calibre must be manufactured in accordance with international 
standards, proof of which must be audited and provided. 

The specific standards covering required quality, safety and technical operation which will be 
applied are as follows: 
• EN 746 Parts 1-3 - Industrial Thermoprocessing Equipment (European Standard) 

• AS1375, Industrial Fuel-Fired Appliances 

• AS3814, Industrial and Commercial Gas-Fired Appliances.  

Up to 50 other Australian and International Standards are also applied (including welding, 
materials, design, engineering, structure, electrical wiring, control panels, etc.).  Note that being 
a Type B Gas-Fired Appliance, the equipment is subject to inspection under the rules of 
EnergySafety WA. 

20. The variability of existing woodchip composition has not been extensively investigated and the 
heavy metal contents and contaminants (such as paints) are unknown.  There is no indication that 
testing has been undertaken on a wide variety of feedstock including contaminated wood.  This is 
particularly concerning as there is no information provided regarding processes to remove 
contaminated material before it enters the plant, neither is there information on the potential to alter 
feedstock in future, which could introduce airborne contaminants.   

See Section 3.6 for a detailed response on the issue of quality control of feedstock, designed to 
eliminate the potential for use contaminated feedstock. 

Modelling of the inclusion of waste wood containing a proportion of CCA treated wood shows 
that 12% of the feedstock would have to be CCA treated wood for the maximum predicted GLC 
to reach the air quality criteria.  The waste acceptance protocols and procedures will prevent 
such high levels of CCA treated wood contamination from occurring. 

21. Any future changes in feedstock require consideration with revised modelling.  Wood feed should 
not comprise of native forest and only plantation timber.  There should be no significant natural 
timber destroyed to provide feedstock.  As there is no indication on origin of the timber proposed for 
use as feedstock, the chemical composition of the timber is unknown. 

The timber being processed at the Hazelmere site would otherwise present to landfill and is 
mostly softwood.  The origins of the wood waste feedstock is expected to be a mix of native 
forest and plantation timbers, and beyond the control of EMRC in terms of differentiating its use 
as feedstock in these terms.  The wood waste feedstock will exclude CCA treated wood, in 
which case the chemical composition is not an issue. 

22. The cost of plant construction is expensive.  This makes little economic sense to implement a 
WWTE plant, particularly when maintenance and operational costs are accounted for. 

EMRC has considered the economics of the proposal, including capital and operating costs and 
is satisfied with the outcome of those considerations. 
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Item Submission and/or issue Response 

23. There is no intention of producing a safety data sheet (SDS) outlining the properties and key 
aspects of the produced Syngas in line with the Global Harmonised System.  Even if not required, 
production of a SDS would verify the product quality. 

Syngas is an intermediary product, not a manufactured product; and consequently, an SDS (or 
Materials Safety Data Sheet [MSDS]) does not need to be provided.  Controls are provided to 
monitor syngas for use in the process. 

24. This proposal could utilise a range of sustainably sourced biomass ranging from agricultural wastes 
such as wheat straw, to plantation timber waste and even Mallee trees which need to be regularly 
harvested to ensure they have a high water utilisation to assist in preventing dry land salinity in WA. 

The primary objective of the proposal is to use waste wood as a feedstock for a power 
generation facility, as a means of beneficially disposing of that waste material that would 
otherwise be disposed of to landfill. 

25. The biochar by-product can lead to increases in soil fertility and water holding capacity which will 
increase crop yields.  Biomass is the only renewable energy that can displace base load fossil fuel 
power generation and provides the opportunity for remote and edge of grid application which 
serves to increase the efficiency of power delivery to the regions.  It can also be considered the 
only renewable energy to have a net negative impact on CO2 emissions through the application of 
the char back into soils in the form of the char which is a stable format.   

Noted.  No response considered necessary. 

26. There is no justification spending ratepayers money on a plant that is not wanted to produce 
resources which there is no market for.  Residents in adjacent areas should not be subject to 
infrastructure costs incurred because businesses wish to be located in the area.   

EMRC and its six member Councils have resolved to proceed with the project subject to the 
necessary approvals.  The Proposal will be funded from a combination of EMRC reserves and 
Australian Government grant funding and sale of electricity.  The location of the plant is 
consistent with the zoning of the land and the development of the site, and the plant will provide 
employment during the construction and ongoing operating.  

27. Implementation of such a plant would lower house pricing in the surrounding areas. This statement is purely speculative, and beyond the scope of an environmental impact 
assessment. 

28. The site is zoned ‘industrial’ under the MRS and ‘industrial development’ under the TPS17.  The 
local planning scheme document indicates power generation, wood to waste, and other such air 
polluting-emitting industries are not covered under this category.   

Zoning of the site under TPS17 is “Industrial Development”, which allows Industry-light and 
Industry-general uses so any use can be considered in this zone subject to it conforming to a 
Structure Plan.  The City of Swan adopted the Hazelmere Enterprise Area Structure Plan 
(HEASP) on 28 September 2011, which endorsed by the WAPC on 18/10/11.  The HEASP 
identifies the EMRC site as being included within the General Industrial area.  The proposed 
WWTE plant is an appropriate land-use in the Industrial Development zone.  This zone already 
accommodates a wide range of uses including transport depots, manufacturing industries, 
brickworks, commercial distribution centres and a major Western Power substation. 

29. There is no consideration to alternatives in relation to technology, design and location to minimise 
environmental impacts and this is inconsistent with the EPA requirements.  There should also be 
consideration of whether this development is really needed. 

See Sections 3.7 and 3.8 for detailed discussions on alternative means of disposing of wood 
waste, and on alternative locations for the facility.  The justification for the facility is described 
fully in Section 2.3 of the PER. 

30. There are 236 signatures received opposing the proposal. Noted. 

31. The EMRC fails to meet at least 13 of the EPA criteria: Responses to each of the comments on the EPA recommendations are presented in Table 7. 
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Table 7:  EPA recommendations for waste to energy technologies 

Recommendation PER comment Submission comments Response to submission comments 

1 Given the likely community 
perception and concern 
about waste to energy 
plants, a highly 
precautionary approach to 
the introduction of waste to 
energy plants is 
recommended. 

EMRC is engaging in stakeholder consultation and 
will use best practice technology, including managing 
emissions using best practice methods for syngas 
clean up before use in the engines and continuous 
monitoring.   

EMRC has committed to restricting feedstock to 
waste wood, with no intention to process trees for 
wood chipping.  Products such as MDF or CCA 
treated pine are not proposed to be used in the 
process. 

The public in East Metro has rejected incineration of 
waste for over a decade of consultation.  Pushing 
two incinerator proposals at once is neither 
precautionary not consistent with community opinion.  
There is no community licence to operate this 
proposal.  EMRC Fails criterion. 

The precautionary principle should be employed in 
relation to the proposal. 

The pyrolysis-based process is not incineration of 
waste (see Section 3.3 for a detailed discussion of 
the differences). 

The assessment has relied on a highly precautionary 
approach in using the best available information and 
technologies to assess the potential impacts, based 
on conservative assumptions where appropriate.  
Nonetheless, the predicted outcomes for air quality 
are substantially within all appropriate criteria at all 
sensitive receptors. 

Social (or community) licence is an intangible 
concept, and is dynamic and non-permanent 
because beliefs, opinions and perceptions are 
subject to change as new information is acquired.  
The claim that there is no community licence for the 
Proposal is unsubstantiated, as no measurements 
have specifically been made.  The issue of social 
licence is irrelevant to application of the 
precautionary approach, which is the subject of the 
recommendation. 

2 As part of the environmental 
assessment and approval, 
proposals must address the 
full waste to energy cycle - 
from accepting and handling 
waste to disposing of by-
products, not just the 
processing of waste into 
energy. 

EMRC has accounted for each of the five life-cycle 
components in feasibility studies. 

Waste wood material proposed as feedstock is 
currently reprocessed as woodchip for a limited 
market – diversion for electricity production is 
preferable to disposal to landfill.  

Process water can be recycled for reuse onsite. 

Solid waste (bio-char) has a potential market as soil 
and compost additive, and as a solid fuel. 

The EMRC has not demonstrated that it has a 
market for its waste products.  The EMRC do not 
address the carbon impacts of destroying the 
embedded energy in the wood waste or the impacts 
of its carbon emissions.  It does not compare the 
carbon footprint of this project with the footprint of the 
alternatives such as composting, wood panelling, 
animal bedding and AD.  EMRC fails criterion. 

In accordance with the recommendation, EMRC has 
addressed the full waste to energy cycle, as 
explained in the PER comment.  The assessment 
considers the inputs, and the fate of the outputs. 

The USEPA (2013) makes the following statement 
regarding greenhouse gas emissions from use of 
natural gas vs coal: “The average emissions rates in 
the United States from natural gas-fired generation 
are: 1135 lbs/MWh of carbon dioxide, 0.1 lbs/MWh of 
sulfur dioxide, and 1.7 lbs/MWh of nitrogen oxides.  
Compared to the average air emissions from coal-
fired generation, natural gas produces half as much 
carbon dioxide, less than a third as much nitrogen 
oxides, and one percent as much sulfur oxides at the 
power plant.” 

While the syngas produced by the Proposal does not 
contain exactly the same constituents as natural gas, 
the product is considered to be a similarly ‘clean 
energy’ fuel, and greenhouse gas emission rates 
would be of a similar order to that of natural gas. 
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Recommendation PER comment Submission comments Response to submission comments 

3 Waste to energy proposals 
must demonstrate that the 
waste to energy and 
pollution control technologies 
chosen are capable of 
handling and processing the 
expected waste feedstock 
and its variability on the 
scale being proposed.  This 
should be demonstrated 
through reference to other 
plants using the same 
technologies and treating the 
same waste streams on a 
similar scale, which have 
been operating for more than 
twelve months. 

See further information provided in Section 6.8.1. The only EMRC reference facilities are for a coal 
char plant closed in WA five years ago.  The other 
reference is for mining roasters in south east Asia 
with no emission data for either.  They do not provide 
any data from the pilot plant on which this facility is 
based. 

They do not provide a comparison to a reference 
facility burning mixed waste which they propose at a 
future point in addressing criterion 6. 

EMRC fails criterion. 

This issue is discussed in detail in Section 6.8.1 of 
the PER, and in Section 3.4 of this document. 

4 Waste to energy proposals 
must characterise the 
expected waste feedstock 
and consideration made to 
its likely variability over the 
life of the proposal. 

Variability of existing woodchip composition that is 
representative of the WWTE plant feedstock has not 
been extensively investigated.  However, a sensitivity 
analysis has been conducted for the emissions 
inventory where input rates for key emission 
parameters have been increased and the impact on 
emission rates tested.  The results show that 
considerable variability in feedstock composition can 
be accommodated without significant change in 
emission rates due to the efficiency of removal in the 
reformer and scrubber. 

The physical processing of other waste materials 
would be possible using the current technology.  
EMRC has investigated the suitability of woodchip 
feedstock from softwood, hardwood and mixtures 
thereof.   

In the Works Approval application, the EMRC refers 
to the RDF (residue derived fuel) or mixed waste that 
it has been conducting trial burns with at the Ansac 
pilot facility.  This has not been made public in the 
PER as a future fuel for the plant. 

EMRC fails criterion. 

The Works Approval application makes reference to 
Ansac having trialled the pyrolysis of RDF for 
another client, not EMRC.  Ansac has trialled a 
number of feedstocks as part of the development of 
their technology.  EMRC investigated wood chip 
made from softwood, hardwood and combinations of 
softwood and hardwood as feedstock for the 
proposed plant. 

EMRC may consider alternative fuels in the future; 
however, any changes to the process will be subject 
to approvals under various sections of the EP Act. 

The PER acknowledges that the feasibility of 
converting greenwaste from member Councils to bio-
char will be investigated by the EMRC. 

5 The waste hierarchy should 
be applied and only waste 
that does not have a viable 
recycling or reuse alternative 
should be used as 
feedstock.   

Conditions should be set to 
require monitoring and 
reporting of the waste 
material accepted over the 
life of a plant. 

The Hazelmere site diverts untreated timber from 
landfill and converts it to useable wood chip and 
woodfine products.  This process will use part of the 
wood chip to generate renewable power and bio-
char.   

The proposed feed of the WWTE plant is in line with 
the criteria that is already in place at the Hazelmere 
Recycling Centre 
(http://www.emrc.org.au/acceptance-criteria.html). 

Wood waste a number of viable alternative uses as 
explained at numerous points in this submission. 

EMRC fails criterion. 

This issue is discussed in detail in Section 3.7. 
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Recommendation PER comment Submission comments Response to submission comments 

6 Waste to Energy operators 
should not rely on a single 
residual waste stream over 
the longer term because it 
may undermine future 
recovery options. 

EMRC has investigated the suitability of woodchip 
feedstock from softwood, hardwood and mixtures 
thereof.  Ansac has also trialled other feedstocks 
including refuse derived fuel (RDF).  The feasibility of 
converting greenwaste from member Councils to bio-
char will be investigated by the EMRC. 

The EMRC again suggest they could use RDF or 
burn greenwaste.  Neither of these feedstocks or 
their emissions has been considered in this 
environmental assessment.  The EMRC have always 
claimed this facility will only burn clean wood.  On 
that basis the EMRC fails criterion. 

See response to comments on Recommendation 4 in 
this table. 

7 Regulatory controls should 
be set on the profile of waste 
that can be treated at a 
waste to energy plant.  
Plants must not process 
hazardous waste. 

Hazardous waste will not be processed.  This 
document outlines the proposed feed of the WWTE 
plant in Section 2.2, which is in line with the criteria 
and operating practices that are already in place at 
the Hazelmere Recycling Centre 
(http://www.emrc.org.au/acceptance-criteria.html). 

The EMRC intends to burn mixed waste in the future.  
This inevitably includes hazardous waste such as 
batteries, broken CFLs (mercury) electronic waste 
and hazardous materials entrained in the mixed 
waste stream. 

EMRC fails criterion. 

The submission comment is completely incorrect.  
Mixed waste will not be burnt; and as expressly 
stated in the PER, hazardous waste will not be 
processed. 

8 In order to minimise the 
discharge of pollutants, and 
risks to human health and 
the environment, waste to 
energy plants should be 
required to use best practice 
technologies and processes.  
Best practice technologies 
should, as a minimum and 
under both steady state and 
non-steady state operating 
conditions, meet the 
equivalent of the emissions 
standards set in the 
European Union’s Waste 
Incineration Directive 
(2000/76/EC). 

The WWTE plant will employ best practice 
technologies and practices to minimise emissions.  
These are necessary to produce clean syngas as a 
fuel for the engines that power the generators.  Any 
failure of the raw syngas clean up processes 
(reformer and wet scrubber) would preclude 
operation of the engines and require a plant 
shutdown. 

Air emission investigations has demonstrated 
compliance with the emission standards in the 
European Union’s WID emission criteria 
(2000/76/EC) under steady state (normal operations) 
and non-steady state (start-up and shut-down) 
conditions. 

The EMRC claims that the comparison of its 
emissions to the WID is not applicable.  The EMRC 
cannot demonstrate they meet WID standards. 

EMRC fails criterion. 

See detailed response to this issue in Section 3.4.5: 
Operation within WID emissions standards. 

9 Pollution control equipment 
must be capable of meeting 
emissions standards during 
non-standard operations. 

Air emission investigations have been undertaken 
and have demonstrated compliance with emission 
standards during non-standard operations (i.e. 
reduced rate and bypass conditions). 

The EMRC will not provide data to demonstrate they 
meet WID standards during reduced operating 
conditions burning clean syngas in the SACTO. 

EMRC fails criterion. 

The air emissions investigation results presented in 
the PER include non-standard operations (i.e. 
reduced rate and bypass conditions) and 
demonstrate that the emissions standards will be met 
under those conditions. 
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10 Continuous Emissions 
Monitoring must be applied 
where the technology is 
feasible to do so (e.g. 
particulates, TOC, HCl, HF, 
SO2, NOx, CO).  Non-
continuous air emission 
monitoring shall occur for 
other pollutants (e.g. heavy 
metals, dioxins and furans) 
and should be more frequent 
during the initial operation of 
the plant (minimum of two 
years after receipt of 
Certificate of Practical 
Completion).  This 
monitoring should capture 
seasonal variability in waste 
feedstock and 
characteristics.  Monitoring 
frequency of non-
continuously monitored 
parameters may be reduced 
once there is evidence that 
emissions standards are 
being consistently met. 

NOx is predicted to be the most significant of 
emissions in terms of predicted ground level 
concentrations being 26% of the air quality standard 
for direct impact at the nearest sensitive receptor.  
As a consequence, the proponent proposes to install 
CEMS for NOx emissions monitoring.  The 
concentrations of other parameters are either too low 
to accurately measure with CEMS or have lower 
impacts compared with air quality standards. 

The proponent also proposes to conduct a short 
campaign of continuous monitoring of ambient air 
NOx at a location nearby to the plant, to confirm 
model predictions. 

Stack emissions testing will be carried out during 
commissioning from the main stack and gas engine 
exhausts to confirm the emissions predictions under 
normal operating conditions. 

The composition of wood waste feedstock is not 
dependent on seasonal effects.  The sensitivity 
analysis conducted for the emissions inventory 
suggests that ongoing emission testing for all 
parameters can be conducted on a biannual basis for 
the first year of operation to adequately assess 
impacts of feedstock variability.  Emission testing 
could then be conducted annually thereafter, subject 
to acceptable performance in the first year. 

EMRC will only commit to CEM for NOx despite 
technology being available to monitor the other 
pollutants they will release. 

EMRC fails criterion. 

The monitoring of NOx emissions with CEMS is 
appropriate since this parameter provides the highest 
risk, albeit that risk is considered acceptable due to 
the maximum predicted GLC being only 26% of the 
AAQ NEPM for direct impact.  There is very little 
value in use of CEMS for emission parameters that 
either: 
• are not amenable to CEMS 

• do not require it to satisfy ambient air guidelines 

• present insignificant risk due to their very low 
emission rates. 

Campaign monitoring (stack testing) of all emission 
parameters will be carried out at the conclusion of 
commissioning to confirm that NOx is the most 
significant emission for continuous monitoring with 
CEMS. 

EMRC will review the commissioning testing stack 
emissions data and consult with DER to determine 
the need for additional CEMS equipment should the 
results show significantly higher emissions than 
predicted in the PER.  Should that need be 
established, then EMRC will install CEMS for the 
relevant emissions. 
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11 Background levels of 
pollutants at sensitive 
receptors should be 
determined for the 
Environmental Impact 
Assessment process and 
used in air dispersion 
modelling.  This modelling 
should include an 
assessment of the worst, 
best and most likely case air 
emissions using appropriate 
air dispersion modelling 
techniques to enable 
comparison of the predicted 
air quality against the 
appropriate air quality 
standards.  Background 
monitoring should continue 
periodically after 
commencement of 
operation. 

Air emission investigations have been undertaken 
and have included background levels of pollutants.  
Those background data were obtained from 
measurements made by EMRC at Red Hill and 
benchmarked against data published by DEC from 
the Midland Air Quality Study.  A conservative 
approach was adopted in that the 95th percentile 
concentrations for continuously measured 
parameters and the maximum concentration for other 
parameters measured at Red Hill were used for 
background concentrations for this assessment. 

The modelling considers all hours in a year but only 
the maximum predicted GLCs have been used for 
comparison against air quality standards.  These 
show all parameters below those standards, so other 
emissions scenarios have not be reported since they 
will show even lower GLCs. 

Background monitoring is proposed for NOx, which is 
predicted to be the parameter of most significance 
from the WWTE plant (maximum GLC of 26% of the 
air quality standard). 

Background monitoring of other parameters is not 
warranted since the predicted GLCs are all well 
below air quality standards and the incremental 
increase from the WWTE emissions is negligible.  

EMRC have not used appropriate air modelling 
dispersion data as the metadata is from the wrong 
location (i.e. Red Hill). 

EMRC fails criterion. 

This issue is discussed in detail in the PER, in the 
PER comment in this table, and in Section 3.1 of this 
report. 

12 To address community 
concerns, proponents should 
document in detail how 
dioxin and furan emissions 
will be minimised through 
process controls, air 
pollution control equipment 
and during non-standard 
operating conditions. 

Air emission investigations have been undertaken 
and have investigated dioxin and furan emissions to 
establish potential levels and inform project design.  
Dioxins/furans are not expected to be formed in the 
process, due to the absence of significant levels of 
chlorine (not detected in wood feedstock) and 
oxygen (anoxic pyrolysis process).  Any dioxins that 
may form and any chlorine that may be present 
below limits of detection will have been removed 
from the clean syngas in the reformer and scrubber, 
and are not available for dioxins to form in the 
syngas combustion processes. 

Raw syngas that is combusted in the SACTO during 
bypass events may give rise to dioxins formation, 
due to trace levels of chlorine that may be present 
below the detection limit in the wood feedstock.  
However, emissions could only continue for a short 
period (<30 minutes) since the wood feed will be 
immediately terminated and kiln burners shut-down 
for a bypass event so that raw syngas generation 
decays rapidly.  

Dioxin emissions have not been adequately 
addressed by the proponent who ignored de novo 
synthesis of dioxins and wet scrubber memory effect.  
The EMRC have also ignored the role of chlorinated 
pesticide contamination of feedstock as a precursor 
to elevated PCDD/DF formation.  No dioxin specific 
scrubbing is mentioned in the PER (activated carbon 
injection etc) which is standard in the EU for such 
proposals.  

EMRC fails criterion. 

De novo synthesis of dioxins occurs in a temperature 
range of 200 to 400°C and requires presence of 
oxygen and chlorine, along with carbonaceous 
particulates containing certain transition metals to 
catalyse the reaction (e.g. Stanmore 2004). 

As indicated in the PER, the pyrolysis process is 
conducted in the absence of oxygen and chlorine is 
not present in significant concentrations in wood 
waste.  As a consequence, dioxins formation is not 
favoured and a dioxins-specific scrubber is not 
considered necessary for this proposal. 
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13 Proposals must demonstrate 
that odour emissions can be 
effectively managed during 
both operation and shut-
down of the plant. 

Odour emissions are not expected to be an issue for 
the WWTE plant as the wood waste has been 
demonstrated from current site operations to be a 
low odour waste.  Some odour may be produced 
from the waste water in holding tanks, and if 
necessary that can be controlled with installation of 
carbon filters on tank vents. 

Unable to determine compliance until operational. No response required. 

14 All air pollution control 
residues must be 
characterised and disposed 
of to an appropriate waste 
facility according to that 
characterisation. 

Cleaning of the syngas is conducted in the reformer 
and wet scrubber.  Tar compounds and char fines 
are removed using a steam reforming catalyst (exact 
catalyst yet to be determined), with oxygen used to 
maintain the necessary heat for the reaction.  The 
catalyst bed material will be exported for 
regeneration or disposed of using an appropriate 
waste facility. 

EMRC will dispose to landfill.  

Unable to determine compliance until operational. 

No response considered necessary. 

15 Bottom ash must be 
disposed of at an 
appropriate landfill unless 
approval has been granted 
to reuse this product. 

Bottom ash (bio-char) will be exported for landfill at 
the Red Hill Waste Management Facility or for sale 
as a by-product fuel or soil amendment/carbon 
sequestration media. 

EMRC compliant with criterion. No response required. 

16 Any proposed use of 
process bottom ash must 
demonstrate the health and 
environmental safety and 
integrity of a proposed use, 
through characterisation of 
the ash and leachate testing 
of the by-product.  This 
should include consideration 
of manufactured 
nanoparticles. 

Extensive research has been undertaken in the bio-
char area to establish the health and environmental 
aspects of this material.  As the bio-char is produced 
from clean wood waste feed it is unlikely to contain a 
high level of contaminants, such as heavy metals, 
and as such, leachate testing is not required.  For 
example, bio-char can be used as a soil amendment 
media to improve soil health characteristics such as 
water retention. 

The bio-char may contain particles in the nano scale 
size distribution range.  However, those fine particles 
and all other sized particles will be bound together 
with the moisture added during the char cooling and 
moistening process.  Therefore, risks from exposure 
to nanoparticles from handling of bio-char are low.  

Unable to determine compliance until operational. No response required. 

17 Long term use and disposal 
of any by-product must be 
considered in determining 
the acceptability of the 
proposed use. 

The bio-char will be characterised and a Materials 
Safety Data Sheet (MSDS) prepared and supplied 
with exported bio-char detailing suitable beneficial 
uses (as known at the time) and disposal options.  

Life cycle analysis of the contaminant load and fate 
in the environment of biochar has not been 
addressed. 

EMRC fails criterion. 

If the downstream use of bio-char has potential to 
have significant environmental effect, the future 
Proposal involving that use would be expected to be 
subject to regulation under the various provisions of 
the EP Act, as appropriate.  The user of the bio-char 
would be the proponent for that proposal. 

18 Standards should be set 
which specify the permitted 
composition of ash for 
further use. 

These will be specified in the MSDS. Unable to determine compliance until operational. No response required. 
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Recommendation PER comment Submission comments Response to submission comments 

19 Regular composition testing 
of the by-products must 
occur to ensure that the 
waste is treated 
appropriately. Waste by-
products must be tested 
whenever a new waste input 
is introduced. 

A single waste feedstock stream is to be used for the 
WWTE plant, therefore additional testing is not 
required. 

The EMRC contradicts itself by suggesting this 
criterion need not apply because only wood waste 
will be burned.  However, in response to other 
requirements above the EMRC suggests it will burn 
hard wood and RDF which would require 
composition testing of the by-products as entrained 
contaminants would be higher. 

EMRC fails criterion. 

The PER does not advise that material other than 
untreated wood waste will be burned.  There is no 
proposal to pyrolyse treated wood or residue derived 
feedstock. 

The issue of feedstock has been largely addressed 
in response to submission made under 
Recommendation 4.  This PER is for processing of 
untreated wood waste, i.e. non-CCA treated timber. 

20 Waste to energy plants must 
be sited in appropriate 
current or future industrial 
zoned areas with adequate 
buffer distances to sensitive 
receptors.  Buffer integrity 
should be maintained over 
the life of the plant. 

The plant is to be located on land zoned for industrial 
purposes with an appropriate buffer distance from 
sensitive receptors. 

The proposed development of the Hazelmere waste 
management precinct that includes the WWTE plant 
will ensure buffer integrity is maintained. 

The EMRC proposal is located in an industrial area 
with residential and rural properties in close 
proximity.  The maximum industrial buffer available in 
1000 m under WA planning law.  It is not clear if this 
buffer exists for this incinerator.  The buffer may not 
prove adequate.  Unable to determine compliance 
until operational. 

EPA recommendation 20 on p.59 notes that “waste 
to energy plants must be sited in appropriate current 
or future industrial zoned areas with adequate buffer 
distances to sensitive receptors.  Buffer integrity 
should be maintained over the life of the plant.”  
While the proponent has agreed to apply an 
appropriate buffer strategy, it is only relevant to the 
three sensitive receptors. 

As stated in the PER comment, the WWTE plant will 
be located on land zoned for industrial purposes with 
an appropriate implied buffer distance from sensitive 
receptors in terms of GLCs at those locations, as 
demonstrated by the air quality modelling results. 

The proposed development of the Hazelmere waste 
management precinct that includes the WWTE plant 
will ensure buffer integrity is maintained for the life of 
the plant. 

Sensitive receptor R2 will be displaced by the 
proposed extension of Lloyd Street, which intersects 
that site. 

21 For a waste to energy plant 
to be considered an energy 
recovery facility, a proposal 
must demonstrate that it can 
meet the R1 Efficiency 
Indicator as defined in WID. 

The R1 Efficiency Indicator is not considered 
applicable to the WWTE plant as the proposed feed 
is wood chip and not municipal solid waste as 
indicated in EU Directive 2008/98/EC, which states 
that “this includes incineration facilities dedicated to 
the processing of municipal solid waste only…”  
(footnote to Recovery Operation R1, Annex II).   

The R1 Efficiency Indicator calculation considers 
energy associated with raising steam for electricity 
generation and/or export of heat.  As the WWTE 
plant does not raise steam or export heat, the 
calculation would not be accurate, and is not 
considered applicable for the WWTE plant. 

The EMRC state in the Works Approval application 
(but have deleted this from the PER) that “Efficiency 
is expected to be better than, or similar to, that of the 
Red Hill Resource Recovery Facility. For that facility, 
efficiency was expected to be approximately 0.59. 
Increasing efficiency to the European Union WID 
standard of 0.65 would have required higher steam 
pressures which was considered, in EMRC opinion, 
to be infeasible for Western Australian conditions; 
the EPA accepted this in its Report and 
Recommendations (Report 1487) of July 2013 for the 
facility. 

However, the Red Hill gasification incinerator 
referenced does not meet the R1 efficiency criteria 
and is therefore a disposal facility – the least 
preferred option.  The statement that the Hazelmere 
[sic] proposal will have a similar efficiency means 
that it also fails the criteria and will be a disposal 
facility NOT a waste to energy facility as defined by 
European standards that the WA EPA have adopted. 

EMRC fails criterion. 

As noted in the PER, the R1 Efficiency Indicator is 
not considered applicable to the WWTE plant as the 
proposed feed is wood chip and not municipal solid 
waste as indicated in EU Directive 2008/98/EC, 
which states that “this includes incineration facilities 
dedicated to the processing of municipal solid waste 
only…”. 

The R1 Efficiency Indicator calculation considers 
energy associated with raising steam for electricity 
generation and/or export of heat.  As the WWTE 
plant does not raise steam or export heat, the 
calculation would not be accurate, and is not 
considered applicable for the WWTE plant. 

Having a similar efficiency to some other form of 
plant does not mean that the WWTE plant should 
consequently be categorised as being the same 
class/type of plant, as implied by the submission 
comments. 
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Table 8:  Technology 

Item Submission and/or issue Response 

Submitter: Alliance for a Clean Environment (ACE); Hon Michelle Roberts MLA; National Toxics Network (NTN); Public submitters 

Submitters raised concerns that the technology proposed is not proven, unsafe, and has the potential to impact on human health and the environment.  In summary, the submitters contend that: 

1.  The proposal fails to meet the EPA Report 1468 recommendation that "only proven technology 
components should be accepted for commercially operating waste to energy plants." 

See Section 3.4 for a detailed response to the issues associated with using proven technology, 
and the capability of Ansac as the technology supplier. 

2.  ANSAC do not operate waste to energy technologies in Australia and have no track record of 
operation in WA with pyrolysis.  This proposal is not based on proven technology and has been 
described as a ‘demonstration’ plant by the technology providers Ansac who have upscaled a ‘pilot 
plant’ in Bunbury.   

3.  The PER states that Ansac have produced and exported pyrolysis technology for over 25 years.  
The claim that Ansac have manufactured 200 kilns is misleading, as only two of these were built for 
pyrolysis.  Ansac primarily manufactures carbon regeneration kilns, which is a different type of kiln 
to that proposed for this project.   

4.  There are a number of alternate pyrolysis technologies that have been proven in this area without 
the technical limitations mentioned and these should be explored. 

5.  Evidence from overseas indicates the technology is dirty, harmful and expensive.  There is 
uncertainty with outcomes relating to air quality, fire and explosion risk, wastewater, and financial 
risks for local government and communities who will carry the majority of the burden.   

EMRC is not aware of the purported evidence regarding the unreferenced claims made in the 
submission, and is consequently unable to respond specifically to such generalised comments.  
The PER sets out the assessment of the atmospheric emissions in terms of environmental 
impacts.  Section 3.4.6 of this document discusses explosion risk and safety issues.  EMRC 
has considered and is satisfied with the financial aspects of the proposal. 

6.  The proponent characterises the wood waste to be burned as having the same composition as coal 
by referring to the technology at the Premier Coal Char plant as a reference technology.  No 
indication is given by EMRC on the operations or the emissions of the coal char operation.  
Reference to a coal char plant that has not operated for 5 years does not constitute a valid 
reference technology. 

There is no reference in the PER to characterising the wood waste as having the same 
composition as coal.  The PER notes that “The feedstock at the Premier Coal Char plant 
closely matches the proportions of ash, fixed carbon, volatile and moisture content of the 
proposed feedstock at Hazelmere, and is of a similar scale (6000 kg/h nameplate capacity 
compared to 3100 kg/h for the proposed WWTE plant).”  The submitter’s paraphrasing of this is 
incorrect. 

The Premier Coal Char plant operated within the conditions of the prescribed premises licence 
that it applied to, reflecting successful operation, in an area where the airshed has substantially 
higher concentrations of a wide range of pollutants, and emissions licensing requirements are 
particularly stringent. 

7.  A pyrolysis kiln requires a fully effective and proven seal system, with intensive design and 
extensive testing.  Scaling up from a test kiln using computer models will not prove the integrity of 
the seals required for a large pyrolysis kiln.  There is no supporting evidence to show Ansac has 
manufactured or tested continuously (for 500 hours or more) a pyrolysis kiln of the size required for 
this proposal.  The US Department of Energy technology guide indicates that an operational period 
of at least 500 consecutive hours must be demonstrated to achieve a Technological Readiness 
Level of 6. 

With regards to assessing technology readiness, including provision of supporting evidence, 
assessment of readiness has been performed extensively by EMRC and the Australian 
Government through the Clean Technology Innovation Programme grant award process.  This 
uses a similar methodology to the DOE (2006) guide.  Otherwise, all aspects including the 
pyrolysis kiln seal system have been extensively reviewed and/or tested in accordance with the 
risk management system adopted.  

Refer to Section 3.4.6 for further information on the design standards that have been applied to 
the proposal. 

8.  Leaks from an unproven seal could result in harmful emissions of noxious gases and possible 
uncontrolled explosions from combustible gases.  This may be acceptable in remote gold mines, 
but dangerous for an urban area. 

All sealing systems that could produce uncontrolled emissions to the atmosphere are based on 
proven systems.  Section 3.4.6 for further information on the design standards that have been 
applied to the proposal. 
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Item Submission and/or issue Response 

9.  There is no mention of the technical failures and safety issues suffered during trials which were 
undertaken using this technology. 

Technical failures and other issues suffered during trials of the technology are beyond the 
scope of an environmental assessment.  The intent of trials is to identify performance issues, 
and enable further development and testing to ensure those issues are avoided in the 
commercially available product.  The design of the proposal is based on the extensive testing 
carried out in the trials and application of stringent design standards as outlined in 
Section 3.4.6. 

10.  It appears there are no Ansac kilns commercially pyrolysing material of any nature, be it wood or 
otherwise.  Not only are Ansac kilns not commercially pyrolising material, but a kiln of this size has 
never been built.  Kilns that are operable have maintenance issues that will be exacerbated in a 
pyrolysis environment. 

See Section 3.4.5 for a detailed response to this issue. 

11.  The PER states a steam reformer and a pre-heater will be used and there is uncertainty whether 
Ansac have designed and built these previously. 

Ansac has previously designed and built pre-heaters.  The reformer is an application of vertical 
based thermoprocessing equipment which Ansac has also previously designed and built.  

12.  Emissions from the pre-heater are not modelled. The exhaust gases from the feed pre-heating report to the main stack and are included in the 
modelling as presented in the PER. 

13.  There is no reference to how transient process conditions will be considered when switching from 
start-up gas to syngas, the size of the kiln, control of emissions from the discharge chamber of the 
kiln, the scrubbing system to be adopted, how char is replenished in the steam reformer, how the 
feedscrew would be cooled, how emissions would be controlled from the feed hopper system, and 
the standards adhered to by manufacturers of the equipment of the plant.  All of these are critical to 
ensure the effective and safe operation of the plant. 

Details referred to have been the subject of the Process Design and Review to date, including 

third-party verification.  All of these issues will be considered in the operating procedures and 

subject to a full HAZOP review.  Further discussion of the these details is outside the scope of 

the PER. 

14.  If cooling water is supplied to the kiln discharge area, tar condensation and blockage could 
potentially occur, which could lead to system failure.  The tars are also carcinogenic.   

Cooling water is not directly applied in the kiln discharge area.  Any tar condensation and 

blockages are operational matters without any effect on air quality.  Any tars that are generated 

will be collected and separated in a filter which will be disposed of .safely to landfill if it cannot 

be utilised elsewhere as a fuel or additive to bitumen. 

15.  It is questionable that the burners are handling both natural gas for start-up and also syngas, as the 
stoichiometric combustion that occur will be different in both scenarios. 

Continuous monitoring and trimming of the combustion system is included with appropriate 
redundancy such that the dual-fuel system is catered for.  This is not a novel system in this 
regard. 

16.  Char/ash is cooled using water sprays in a cooling screw.  This will result in steam and dust.  There 
is no mention of how this pressure will be released and where this gas will be directed to. 

The vapour resulting from the char/ash cooling system is atmospherically vented and is not 
able to create pressure.  The venting gas reports to the main stack and is included in the 
modelling. 

17.  Presence of a catalyst such as nickel which is pyrophoric and could be dangerous.   Catalysts are handled in accordance with manufacturer's recommendations and in accordance 
with best practice engineering, which are designed to ensure risks are minimised to acceptable 
levels.  Section 3.4.6 sets out the details of the design standards to be applied to the proposal. 

18.  Proposed oxygen injection into the reformer to burn off excess gases could potentially cause 
uncontrolled explosions.   

Oxygen injection into the reformer is engineered to standards relating to burner systems and 
oxygen pipelines, which is designed to ensure risks are minimised to acceptable levels.  
Section 3.4.6 sets out the details of the design standards to be applied to the proposal. 

19.  The EPA’s documents stipulate bag houses and WESPs are considered best practice for MDF 
handling facilities.  Potential blockage, overheating and explosion risk in the char column proposed.  
The PER also fails to account for dust removal in the process flow. 

The WWTE plant is not an MDF handling facility, and the duty described is not comparable to 
the syngas scrubbing duty.  Dust removal is accounted for in the in the modelled stack 
emissions in the PER. 

20.  There is uncertainty about the accuracy of the numbers provided in the PER for residual char and 
ash (one percent of volume of feed). 

The number is accurate within appropriate error limits. 
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Item Submission and/or issue Response 

21.  The integrity of the academic verifier used to review the technology is questionable. This comment is unsubstantiated and is consequently refuted.  Two other independent verifiers 
(with commercial backgrounds) have also been used.  Copies of the peer three reviews have 
been provided to the EPA under commercially confidential arrangements.  

22.  The proponent claims that the R1 efficiency indicator is not applicable to the proposal as the 
proposed feedstock is not municipal waste.  This is incorrect as the proponent has previously 
claimed that woodchip is sent to landfill, which is the normal destination for municipal waste.  This 
material is collected as municipal waste and should be considered as such.  “Cleaning is conducted 
using a steam reforming process over a char bed.  Tar compounds, dust, remaining tars and 
excess moisture are removed using a catalyst in the bed…“ 

Sending waste wood is sent to a landfill does not define it as ‘municipal waste’ simply because 
municipal waste is sent to landfill.  A range of materials are sent to landfill that would not be 
considered to be municipal waste.  Wood waste is one of those. 

The point of the quotation is unclear and consequently unable to be responded to. 

23.  The physical/chemical/toxicological properties of the proposed catalyst, the proposed disposal of 
used/expended catalyst, and the proposed percentage recovery of H2 and CO during wet scrubbing 
process with the current plant design should be specified.  The PER states that Ansac will be using 
“simple and well understood technologies” for syngas production and to maximise clean emissions 
by the use of steam reforming unit operation and a water scrubbing process.  Case studies of 
where this technology has been successfully utilised and performance of the plant with regards to 
minimising emissions and reduced or nil impacts from a groundwater and contaminated sites 
perspective should be provided. 

The proposed catalyst is the char produced in the horizontal kiln   Spent char will be sold as a 
solid fuel or as a soil amendment in horticulture/agriculture to store carbon in the soil and 
improve crop yields. 

See Section 3.4 for a detailed discussion of case studies of successful utilisation of the 
technology. 

 

Table 9:  Waste issues 

Item Submission and/or issue Response 

Submitter: ACE; BGC; NTN; Public submitters 

In summary, the submitters contend that: 

1.  The EPA report 1468 states "The waste sources as input must target genuine residual waste that 
cannot feasibly be reused or recycled." The proposal is considered a recovery and disposal 
technology and does not provide emphasis on avoidance, reuse or recycling which are the 
preferred waste management strategies for WA.   

See Section 3.7 for a discussion of these issues. 

2.  Wood waste can be reused and recycled providing far greater economic and long term 
environmental outcomes.  Currently the EMRC have a contract for the wood waste, which could be 
expanded due to high demand, and continue to provide animal bedding or chip wood with further 
potential for other innovative reuse and recycling opportunities if it was not disposed of through 
energy recovery.   

3.  The community in the eastern region wants the most ecologically sustainable use of waste 
resources and this project will undermine reuse, recycling and composting potential as these 
sectors compete for the same waste resource.  This waste management strategy is flawed as it 
does not deal with the source of the waste problem at the point of consumption. 

Disposal of all waste at the point of consumption is beyond the scope, responsibility and 
capability of EMRC at this point in time.  This plant is designed to deal with untreated wood 
waste that has not been dealt with at the point of consumption, and that would otherwise be 
disposed to landfill. 
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Item Submission and/or issue Response 

4.  The Works Approval states that the incinerator will burn Refuse Derived Waste in the future.  The 
PER omits this information.  Further to that, it describes that treated timber will be visually screened 
from the stock pile.  Almost all waste timber is treated in some way and in most cases, recognition 
and identification of treated timber purely through observation is not possible. 

The Works Approval application makes reference to Ansac having trialled the pyrolysis of RDF 
for another client, not EMRC.  Ansac has trialled a number of feedstocks as part of the 
development of their technology.  EMRC investigated wood chip made from softwood, 
hardwood and combinations of softwood and hardwood as feedstock for the proposed plant. 

EMRC may consider alternative fuels in the future; however, any changes to the process will be 
subject to approvals under various sections of the EP Act. 

The statement that “Almost all waste timber is treated in some way…” is an unsubstantiated 
exaggeration.  For the wood wastes that have been subject to some form of treatment, most of 
those treatments would be benign in terms of the potential contaminant levels that would 
emerge from a pyrolysis process.  As described in Section 3.6, EMRC has acceptance criteria 
and procedures for timber waste and CCA treated timber is not accepted for processing.  CCA 
treated timber is the primary treatment that has potential to cause significant contaminated 
emissions, and these are readily recognised by the colour of the timber surface, stampings on 
the timber and/or surface testing with a chemical indicator.  Some of the timber treatments 
include heat treatment. 

5.  The use of wood waste to generate biochar and/or renewable energy is the highest and best use of 
that waste stream. 

Noted. 

6.  One of the major obstacles for diverting waste from landfill is the lack of demand for the materials 
diverted from the waste stream that results in part from the 'contamination' and the lack of 
homogeneity of the waste stream.  The wood waste is a relatively homogeneous waste and 
suitable for use as an input for the generation of electricity and biochar and there is a significant 
market for both of these products within WA.  There has been comment made that wood waste 
should be composted but there is already an excess of mulch and compost such that producing 
compost requires significant subsidies such that the process is unsustainable. 

Noted. 

7.  The PER refers to waste water being stored or pumped through a monitoring system to a sewer.  At 
5000 litres per day, storage is not practical and reticulated sewerage is not available at the site.  
There is no indication of the types of contaminants in the waste water, or how it will be transported 
or cleaned.  There is also no mention of what will happen to the toxic waste produced.  A septic 
system cannot be considered so a disposal method should be finalised before approval is 
considered.   

The WWTE plant is anticipated to use approximately 5 kL/day of water for cooling the gas 
engines, to quench bio-char and for use in the scrubbers.  

A water balance is being prepared and this will be provided as part of the Works Approval 
application.  The water balance will outline the amount of wastewater expected to be disposed 
from the site, which in turn will define the appropriate method of wastewater disposal and allow 
for the design of the holding tank before disposal.  The holding (storage) tank would be 
designed to hold the wastewater for up to five days before requiring disposal. 

The process of wastewater disposal may be further refined after the water balance has been 
confirmed, but it is expected that water will be recycled in the process and any effluent would 
be treated as industrial waste, and disposed of to a licensed facility.  Discussions are ongoing 
relating to the disposal via a neighbouring Water Corporation trade waste connection point to 
the reticulated wastewater network. 

8.  Oversupply of waste is not an acceptable reason to impact on the eastern region.  Taking waste 
either for landfill or incineration is wrong and each region should take responsibility for their own 
waste.  This destroys the potential for education on waste reduction. 

The waste is not being taken for either landfill or incineration.  The waste is to be beneficially 
used to generate electrical power, as a significantly better alternative than landfill or 
incineration. 
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Item Submission and/or issue Response 

9.  There is no mention of whether there is enough waste of the same type currently processed to fuel 
the generators on an ongoing basis to make the development economical.  It is unclear whether 
13,000 tonnes per annum of this waste type is more than what is processed now, and if this amount 
is achievable to process in order to generate electricity.   

Section 2.3 of the PER notes that 13 000 t of untreated wood waste was diverted from landfill in 
2012/2013, and that 40 000 t of wood waste has been diverted from landfill since 2008.  These 
volumes are not expected to decrease in the future and are likely to increase, indicating that an 
adequate supply such waste will be available to justify the plant.    In 2013/2014, EMRC 
received just under 19 000 t of wood waste at Hazelmere. 

EMRC has recently conducted an audit of waste reporting to landfill, which indicated that 
approximately 50 000 t timber is being sent to landfill per year.  This is further validation of the 
point made above. 

10.  The proponent would resort to accepting and processing other types of waste (other than what is 
mentioned in the PER) to use as fuel to generate electricity in the future.  The whole process is 
economically dependent on enough supply of waste to keep the WTTE plant viable and there is 
concern that the EMRC would be demanding more waste or different types of waste for processing, 
which would defeat the purpose of recycling.   

This is an unsubstantiated and speculative comment.  Any proposal to change the feedstock 
type would be subject to approvals under the various provisions of the EP Act. 

11.  Scrubbing systems result in collection of liquid waste (sludge) which is harmful to the environment 
and needs to be disposed of in a controlled manner.  It is unclear how this will be managed for this 
proposal. 

See response to Item 7 in this table. 

Submitter:  Department of Environment Regulation 

Department of Environment Regulation has advised the following: 

12.  The waste acceptance criteria currently used at the Hazelmere Recycling Centre should be 
reviewed for risk and suitability for determining appropriate feedstock to the WWTE plant.  The 
proponent states that only shredded clean wood will be used in the WWTE plant and copper 
chrome arsenic treated wood will not be used.  There are no details in the PER documenting waste 
acceptance procedures and checking of appropriate feedstock for the WWTE plant.  The 
proponent, however, makes reference to using procedures that are in line with operating practices 
that are already in place at the recycling centre.  In the absence of this information, there can be no 
assurance on the quality/characteristics of the wood waste to be used as feedstock. 

This issue is discussed in detail in Section 3.6. 

13.  The proponent should confirm details of the waste water recovery system at the WWTE site.  The 
proponent has provided minimal detail on the technology to be used to recover and treat waste 
water arising from the syngas cleaning system.  The size and specification of the holding tank 
should be stated to ensure there is adequate capacity to store wastewater prior to treatment.  
Details should be provided on the use for recycled wastewater at the site and the disposal methods 
for any wastewater not used at the facility. 

See response to Item 7 in this table. 
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Table 10:  Air quality 

Item Submission and/or issue Response 

Submitter: Department of Environment Regulation 

Department of Environment Regulation has advised the following: 

1. Ambient PM10 or PM25 monitoring should be conducted and ambient meteorological measurements 
(wind speed and direction) should be undertaken concurrently with the planned ambient NOX 
measurements. 

The wood chip stockpiles, wood loading and grinding facilities are existing facilities and do not 
form part of the proposal being assessed within the ambit of the PER.  Dust emissions from the 
bio-char will be eliminated, as the hot bio-char product will be water quenched.  This will be 
dealt with in detail in the EP Act Part V Works Approval application assessment and prescribed 
premises licensing process. 

2. The proponent plans to measure ambient NOX after commissioning but there is no ambient 
particulate monitoring planned.  There are large potential sources of dust in the woodchip 
stockpiles and loading activities and movement and storage of biochar.  Particulate emissions have 
been modelled from stack sources only; however, there is the potential for significant fugitive 
emissions of dust. 

3. Polyaromatic Hydrocarbons (PAH) should be added to the list of compounds to be measured 
during commissioning via stack testing.  The report states that PAH are not considered in the WID; 
therefore, have not been considered in the assessment.  There is the potential for PAH to be 
formed during the process and, as such, should be measured along with the suite of compounds 
planned for stack testing during commissioning.  PAH have not been modelled. 

PAHs formed in the pyrolysis process that survive the reformation process will largely report to 
the condensable fraction (tars) that are removed in the wet scrubbers.  Trace levels of PAHs 
that may remain in the clean syngas will be oxidised in the gas engines or the SACTO to 
produce CO2 and H2O.  The likelihood of significant PAH emission to atmosphere is 
consequently considered very low. 

Section 6.6.1 of the PER advises that the emissions testing post commissioning will involve 
sampling and analysis of all WID parameters when raw syngas is combusted in the SACTO to 
similar bypass conditions.  EMRC will include PAHs in this emissions testing program to 
demonstrate the expected low levels in emissions from the engines or SACTO. 
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Item Submission and/or issue Response 

4. Air quality estimates should be explicitly compared to relevant State or International standards or 
design criteria.  Without such a comparison, the numbers in isolation are meaningless.  A partial 
comparison should be performed by the proponent.  For example, Table 3 in the air quality 
modelling assessment should have included extra columns, illustrated below: 

 R1 R2 R3 Units 
NSW EPA 
criterion 

As 4.34E-04 5.51E-0.4 4.74E-0.4 ng/m3  

Cd 3.49E-06 4.43E-06 3.81E-06 ng/m3  

Co 6.35E-09 8.06E-09 6.93E-09 ρg/m3  

CO 7.58E+01 1.00E+02 8.52E+01 µg/m3  

Cr 1.03E-05 1.31E-05 1.12E-05 ng/m3  

Cu 1.28E-05 1.63E-05 1.40E-05 ng/m3  

Dioxins 5.97E-10 7.58E-10 6.52E-10 fg/m3  

HCl 1.33E-02 1.69E-02 1.46E-02 ng/m3  

HF 4.50E-03 5.72E-03 4.92E-03 ng/m3  

Hg 7.09E-06 9.01E-06 7.75E-06 ρg/m3  

Mn 1.27E-11 1.61E-11 1.39E-11 fg/m3  

Ni 8.03E-06 1.02E-05 8.77E-06 ρg/m3  

NOX 4.93E+01 6.50E+01 5.53E+01 µg/m3  

Pb 6.42E-06 8.15E-06 7.01E-06 ng/m3  

Particulates 2.77E-01 2.85E-01 2.44E-01 µg/m3  

Sb 4.75E-07 6.03E-07 5.18E-07 ρg/m3  

SO2 2.57E+00 3.26E+00 2.80E+00 µg/m3  

Ti 8.03E-06 1.02E-05 8.77E-06 ng/m3  

V 3.17E-08 4.03E-08 3.47E-08 ρg/m3  

VOC 1.62E+00 2.10E+00 1.80E+00 µg/m3  

Such a comparison shows clearly that in most cases, maximum ground level concentrations are a 
minimal fraction of the relevant criteria. 

Table 20 of the PER sets out the assessment criteria and source, together with the background 
concentrations for impact assessment.  Tables 21 to 26 of the PER present the modelled GLC 
concentrations at the various receptors, against the assessment criteria.  While this is not 
exactly the same layout as recommended, the proposed comparison is readily made from these 
tables. 

5. Estimates of background concentrations should be included.  Background concentrations are 
required for any air quality assessment.  It is recognised that in most cases background values will 
be effectively zero, but this must be stated.  In cases such as NOX, the applicable background 
concentrations will be nonzero, and should be explicitly estimated.  Cumulative values also need to 
be included e.g.  VOCs, particulates and NOX. 

Background concentrations for the various potential pollutants are discussed in Section 6.4.5 of 
the PER and are presented in Table 20 of that document. 
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6. The proponent should assess in the air emissions impact assessment, the likely ground level 
concentrations from the WWTE main stack during full plant power outage and when the SACTO is 
not in operation.  The proponent has considered three operating scenarios for the air emissions 
assessment (normal, reduced and by-pass operating conditions).  The by-pass scenario assesses 
emissions where the syngas abatement system is not in operation, but the gases by-pass directly 
to the SACTO.  Assessment of emissions has not been made in the event that the SACTO fails and 
there is no generator back-up to keep it operational. 

Given the scenario described: 

• power to both duty and standby SACTO fans must fail; and 

• power to the syngas cleaning system must fail; or 

• power from both the SWIS and diesel generator must fail. 

In this case, all other equipment will also no longer have power either by fact or control 

interlock.  This will include the pyrolysis kiln, which is the source of syngas. 

Therefore, this scenario is assumed to exist only whilst syngas is being bypassed to the 

SACTO.  This is expected to reduce very quickly given the endothermic nature of producing 

syngas. 

Residual heat in the SACTO and the natural drafting of the stack combine to create a scenario 

in which air will continue to enter the SACTO.  Therefore, combustion will continue in this 

scenario; however, it will not be temperature controlled. 

A back-up diesel fuel powered generator will be installed to ensure continuity of electrical power 
in the event of mains power outage.  The generator is connected to the plant mains power 
supply via a control system that constantly monitors line voltage to detect a mains power 
outage.  The back-up generator will be on-line within 10 seconds of a mains power outage 
occurring. 

Monthly testing of the back-up generator will be automatically conducted at appropriate load 
conditions and duration to simulate power demand for critical plant control and operating 
systems.  The operating data from the generator testing will be examined to ensure adequate 
performance was demonstrated.  This testing process provides confidence in the availability of 
the back-up generator such that the risks of failure are considered insignificant. 

In the highly unlikely event that the back-up system fails and no power is available, then key 
process control valves will revert to fail-open or fail-closed modes depending on the process 
risk requirements.  Pyrolysis will cease as the burner management system automatically shuts 
off the syngas feed.  Syngas within the facility will remain contained within the syngas header 
until power is restored, the SACTO is restarted and safe purging and combustion of syngas can 
commence.  As a consequence, no emissions are expected to atmosphere under those 
conditions. 

Full plant operations will recommence when mains power supply has been restored. 

7. Continuous emissions monitoring should be undertaken for additional emission parameters of 
significance.  The proponent has committed to undertaking continuous emissions monitoring of 
NOX at the main stack and engine exhaust stacks.  Additional continuous monitoring should also be 
carried out for other emissions which, during commissioning testing and subsequent investigation, 
are shown to be significantly higher than those predicted in the PER. 

EMRC will review the commissioning testing stack emissions data and consult with DER to 
determine the need for additional CEMS equipment should the results show significantly higher 
emissions than predicted in the PER.  Should that need be established, EMRC will install 
CEMS for the relevant emissions. 
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Submitter: Department of Health 

Department of Health has advised the following: 

8. DOH is satisfied that the air quality guidelines used in this assessment are appropriate.  Whilst the 
modelling outcomes indicate the proposal would not pose a concern for local air quality, it is 
prudent that DER assess the model for fit-for-purpose to support this conclusion. 

The Proponent understands that the modelling will be assessed by air quality modelling experts 
in DER, and will also be reviewed by DER in the Works Approval assessment process. 

9. The proponent should undertake some form of model validation for some contaminants, specifically 
those identified by the proponent as being of concern plus As, Cd, Ni, HCI and dioxins.  This would 
provide confidence that the assumed emission rates, background concentration assumptions and 
cumulative concentrations for the various scenarios are appropriate to this plant in this location. 

EMRC has committed to ambient monitoring of NOx to confirm predictions from the modelling 
since this parameter presents the highest risk in relation to comparison with ambient air quality 
standards. 

In principle, additional validation of model predictions for other parameters is not required, since 
the model operates independent of the emissions data to provide dilution factors that will be 
assessed in the NOx monitoring.  Notwithstanding that position, EMRC will conduct a campaign 
of ambient monitoring of the substances listed in this submission to assess the background 
concentrations and any increase that can be detected from operation of the WWTE plant. 

10. The proposal suggests that the findings from the commissioning stack testing will determine the 
compounds to be included in future stack testing.  Although the proposed plant is not strictly a 
waste to energy plant, it may be prudent for the EPA to consider that the proposed biannual 
emission testing in the first year be consistent with WID compounds and monitoring requirements 
such as; continuous emissions monitoring of particulate matter, SO2, NOx, HCI, HF and CO. 

EMRC will install additional CEMS for any other parameters found to be of significance from the 
commissioning stack testing. 

As indicated in Section 6.6.5 of the PER, EMRC propose to conduct biannual testing of WID 
parameters in the first year of operation, consistent with this submission from DOH.  

11. In addition, non-continuous air emission monitoring of heavy metals (as above) and dioxins with a 
minimum of two measurements per year should be considered.  This monitoring should capture any 
seasonal variability in wood feedstock and characteristics (i.e. slippage of painted & chemically 
contaminated wood, 'non-toxic' preservative treated woods & laminated wood into the waste 
stream). 

The waste wood feedstock is not subject to seasonal variability that occurs with wastes such as 
greenwaste (which is not to be processed in the WWTE plant). 

As indicated in response to Item 10 above, biannual testing of all WID parameters is proposed 
for the first year. 

12. DOH is highly aware of the public perception of such facilities and that the proponent has consulted 
extensively with the community.  A complaints register and mechanism to address complaints 
should be in place as part of the on-going operations of the facility. 

EMRC will maintain a complaints register and has procedures to substantiate the basis for 
complaints, and address them. 

Submitter: ACE; BGC; Hon Michelle Roberts MLA; NTN; Public submitters 

In summary, the submitters contend that: 

13. Atmospheric emissions from the pyrolysis process have the potential to affect air quality, with a 
consequent impact on health and amenity at sensitive receptors (residential areas and 
neighbouring premises) within the dispersion zone.  The emissions potentially involve of oxides of 
nitrogen, carbon monoxide, sulfur dioxide, particulates, volatile metals, acid gases, volatile organic 
compounds (VOCs), PAHs, dioxins and furans.   

See the PER and Section 3.1 for a detailed response to this issue. 

14. The PER document is inadequate to assess this project on the basis that it uses the wrong air 
quality monitoring data to create its emissions models, rendering the modelling outcomes as 
incorrect.  This creates an unacceptable level of uncertainty about the emission estimates and 
ground level concentrations and impacts under all the operating scenarios. 

This issue is discussed in detail in Section 3.1.  The submission does not qualify what is meant 
by “wrong air quality monitoring data”.  Section 6.7.1 of the PER discusses the confidence 
levels of the air quality modelling, indicating that the results are highly conservative. 
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15. The air monitoring campaign proposed is inadequate as it does not address most of the chemicals 
of concern from the plant, largely ignoring particulate, heavy metals, dioxins and PAHs.  The EMRC 
only propose to test for a small range of pollutants during the commissioning phase for the plant 
(NOx, CO, SO2, O2 and CO2).  This is especially critical for heavy metals, particulates and POPs - 
none of which are included.  The EMRC also intend to avoid particulate monitoring during start up 
and shut down when these pollutants are at their highest levels.   

Monitoring data may take several months before it is available for public access, and by then public 

exposure to high levels of pollutants may have already occurred.  The EMRC must assess these 

pollutants during the start-up and shut down periods.  The claim that these periods are too short to 

monitor is not credible.  The EMRC state that a larger range of emissions will be tested after the 

commissioning phase (which could take months) leaving the public in the dark about the true 

impacts of the commissioning phase pollutants.   

The mass balance used to generate the emissions inventory shows that the low levels of heavy 
metals predicted in the emissions are primarily a function of the low concentrations of heavy 
metals in wood waste.  That situation does not change during commissioning.  The bypass 
scenario evaluated in the PER presents the worst case for emissions outcomes during 
commissioning in that raw syngas is combusted in the SACTO.  Emission impacts under 
bypass conditions were found to be well within air quality standards.  Therefore, the likelihood 
of public exposure to high levels of pollutants during commissioning is very low. 

Particulate emissions during start up and shut down will be lower than normal operation 
because the pyrolysis process that gives rise to bio-char fines is either ramping-up (during start 
up) or ramping-down (during shut down) and less biochar and fines are produced at those 
times. 

The regulatory approved test method for particulates (as TSP) has a detection limit in the order 
of 5 mg/m3 based on a 1 hour sampling period.  The maximum predicted particulate emission 
rate is 3.2 mg/m3, which suggests a minimum sampling period of 1.5 hours would be required to 
detect particulate emissions.  The start-up and shut-down processes will be completed within 
30 minutes, indicating that monitoring for particulate emissions in that time would not be able to 
detect the low levels of particulate emissions expected from the WWTE plant. 

16. The air quality health protection standards proposed by the proponent are questionable and do not 
reflect the strict EU air quality standards required by the EPA.  It is unacceptable that the normal 
operating scenario for this plant has been exempted from complying with the EU WID air quality 
standards, and all engine and stack emissions, whether in normal or by-pass mode for the flaring of 
dirty syngas must comply with these standards.  All incineration is a multi-stage process and 
claiming that the WID does not apply as it is a two stage process is flawed. 

See detailed response to this issue in Section 3.4.5: Operation within WID emissions 
standards.. 

17. The EMRC claim they should only compare the data from burning dirty syngas in the SACTO with 
the WID.  They do not want the emissions from normal operation of plant (main stack) or the 
emissions from the gas engines (secondary stack) compared to the WID standards.  It is 
questionable why they will compare data from this second campaign of emissions monitoring to, 
"All WID parameters from the main stack when clean syngas is combusted in the kiln burners and 
SACTO under normal operating conditions", given that the proponent stated that they should not 
have to compare their normal operating emissions to the WID.  The EMRC have indicated that 
burning dirty syngas in the SACTO will only happen in less than 30-minute blocks for a few times 
per year.  This means that they are attempting to avoid having most of their normal emissions 
compared to the WID.  This is unacceptable and all emissions from this incineration facility should 
be compared to the WID. 

18. There has been no data provided to the public for any pilot projects operating in WA or elsewhere 
to verify any of the predictive modelling the proponent has used in the PER.  Given that pyrolysis 
technology is not widely used overseas, such technology should be required to demonstrate that it 
can meet EU WID standards for air quality and Australian regulatory standards before any approval 
is granted. 

See Section 3.4 for a detailed response to this issue. 

19. The proposal has the potential to adversely impact air quality and amenity, particularly to the quality 
of life of the surrounding residents located within five kilometres of the proposal where the air 
quality is already overburdened.   

See Sections 3.1 and 3.2 for a detailed response to this issue. 
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20. The types of gases which would be emitted to the atmosphere are concerning.  Pyrolysis produces 
gas and fly ash, as well as toxins and fine particulates that are damaging to the air shed, an area 
that already has poor air quality.  This includes potential for the discharge of toxic air emissions into 
the environment.  Further, the existing wood plant is already causing dust issues from the wind and 
another plant would only make this situation worse. 

See Section 3.1 for a detailed response to this issue. 

21. The EMRC have chosen to omit from the PER details related to the flight path and plume 
assessment which appears in their Works Approval document.  The Works Approval details an 
exceedance in stack emission velocity with respect to aircraft approach to the Perth Airport.  This 
relates to the breach of the 'plume rise assessment' standards required by CASA in modelling of 
emissions for the proposed Hazelmere incinerator.  It is also notable that the EMRC excluded the 
gas engine stack from this assessment, thereby underestimating the impact on aircraft using the 
flight path.  This breach should result in the project being rejected on flight safety grounds. 

The requirement for a flight path and plume assessment were not included in the PER as they 
were not required under the specifics of the ESD.  EMRC undertook such an assessment to 
satisfy the requirements of CASA and Air Services Australia. 

EMRC was notified on 10 June 2014 by Perth Airport Integrated Planning Department, that 
CASA and Air Services Australia have finalised their review of the plume rise assessment and 
found operation of the WWTE plant as proposed will not adversely impact on the flight path to 
Perth Airport. 

22. The proponent has not undertaken adequate or appropriate background air quality monitoring (a 
required 12 months) to determine the background air quality at the Hazelmere site for future 
reference against stack emissions and ambient air quality impacts once the plant is operational.  
The PER states that project timeframes have not been sufficient to enable background air quality 
data to be obtained at the specific proposal site; therefore comparative background air quality data 
have been sourced to determine cumulative impacts on air emissions.  This is a fatal flaw of the 
PER and undermines the integrity of the air quality assurances made by the proponent.   

See Section 3.1 for a detailed response to these issues. 

23. The proponent considers background data collected at Red Hill to be comparable and appropriate 
for this proposal.  It is essential to establish accurate and reliable baseline data prior to production 
of emissions to ensure emissions can be accurately monitored in relation to background levels and 
give a real indication as to whether a project is having an adverse impact.  Utilising background 
data from a site that is geographically distinct (Red Hill is situated at an elevated location on the 
Darling Scarp, as opposed to the Swan Coastal Plain on which the proposal is situated) and with 
differing levels of industrial activity is inappropriate as air quality in each location is likely to be 
significantly different.  The two locations are 16 km apart with different elevations, topography, and 
air movements.  The winter inversion layer in Hazelmere traps pollutants and would prevent 
dispersion from the stack but does not affect Red Hill and must be accounted for in a dedicated and 
precise assessment framework.  Perth Airport data would have been preferable.   

24. The PER states that 'emissions testing data of sufficient quality and quantity from an operating 
facility were not available for the emissions assessment'.  In other words the air quality assessment 
is not based on 'real data' of sufficient quality, rather substitute data that is deemed acceptable by 
the proponent.  Any conclusions drawn from the data are not scientifically sound.  As there is no 
baseline data available, the proposal should be delayed until sufficient site specific data can be 
obtained.  The level of data required should be set by the EPA, the DER and the DOH, not the 
proponent. 
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25. The use of the Midland Background Air Quality Study data to determine cumulative air quality 
impacts is inadequate and outdated.  Since the study was completed in 2008 (over seven years 
old), there have been a number of new industrial developments producing emissions.  In addition 
there has been a substantial increase in vehicle emissions and a major increase in airport flights 
with growth in tourism and FIFO activity.  Hazelmere is directly aligned with flight paths and subject 
to deposition of particulate and fumes from aircraft exhaust as well a residual VOC and 
hydrocarbon deposition from 'fuel dumping' by aircraft on approach to the airport.  There are also 
major land developments in the area related to the heavy machinery transport sector with heavy 
earthworks and particulate emissions. 

See Section 3.1 for a detailed response to the applicability of the Midland Background Air 
Quality Study data. 

See Section 3.2 Sensitive receptors for a detailed discussion of the maps used in the PER. 

26. It is not acceptable to use the Kwinana Environmental Protection Policy 1992 standard for 
particulates because it allows much higher levels of pollution than the National Environmental 
Protection Measures (NEPM) standards (which are now considered inadequate to protect human 
health and are subject to review).  Hazelmere is not Kwinana, which is highly populated with heavy 
industrial facilities with high emissions.  Areas around Hazelmere include semi-rural properties and 
residential areas with much more sensitive receptors than Kwinana.  By using this standard, the 
EMRC can claim that predicted particulates only reach 36 percent of the particulate standard.  
Using NEPM limits instead for particulates will likely result in a value exceeding the relevant 
standard.   

The background air quality data for key pollutants (NOx, CO and particulates) are 
representative of the current data from the DER Caversham monitoring station. 

The air quality criteria used in the assessment have been approved by Department of Health.  
The Kwinana Environmental Protection Policy 1992 standard is for TSP, as opposed to 
particulate standards in the NEPM which are for PM10 and PM2.5.   

The predicted GLCs from the WWTE plant have been compared against the relevant criteria for 
the environmental impact assessment.   

27. A detailed assessment of air quality and movement for public safety needs to be undertaken. The detailed air quality assessment of air quality and movement for public safety was the key 
issue addressed in the PER. 

28. Timber has been seen to enter the milling plant without inspection.  That means that treated timber 
(either with heavy metals or chlorinated organics) will be burnt at the site.  This in turn will generate 
emissions which will include gaseous and particulate heavy metals and dioxins and furans. 

The basis for the assertion that timber entering the plant is not inspected is not substantiated.  
See Section 3.6 for details of the proposed inspection regime to ensure no treated timber is 
used as feedstock. 

29. The PER shows tables which indicate that heavy metals such as arsenic, chromium, cadmium and 
copper will be present in the exhaust gases in insignificant quantities based on their assumed metal 
content.  Independent assessment of the wood dust from EMRC indicated that at the rate of 
burning proposed in the PER, arsenic can be emitted at a rate of 180 g/hour, chromium at 210 
g/hour and lead and nickel at 140 g/hr.  These values are between 10 and in some instances 1000 
times higher than those provided in the PER for worst case conditions. 

EMRC has not examined the report from the independent assessment of dust analyses quoted 
in the submission and cannot provide fully informed comment on the basis for the emission 
rates in this submission. 

However, the assessment appears to be based on the waste wood feed rate (3100 kg/h) for the 
WWTE plant to derive deposition rates for fugitive dust (allegedly from the EMRC facility) 
measured at the BGC site.  The proposed feed rate for the future WWTE plant has no bearing 
on the current potential for fugitive dust emissions.  The potential for future fugitive dust 
emissions is expected to decrease as the WWTE plant consumes the stockpiled wood chips.  
Fugitive dust emissions from the current EMRC Hazelmere operations are outside the scope of 
the PER. 

30. The only other plant developed by Ansac is a pilot plant in Bunbury which has been tested over the 
last 4 years.  No emissions data is provided from this plant as a basis for modelling the proposed 
facility but instead sourced from a Coal Char Plant.  It is unclear why data was used from this plant 
instead. 

Emissions data for the air quality modelling were developed from first principles, i.e. a mass 
balance, rather than using data from the pilot facility or the Char Plant, which was either not 
available for parameters of interest or not sufficiently comprehensive.  The key feature of the 
mass balance is that emissions are driven by the inputs of emission precursors in the waste 
wood, attenuated by the known physical and chemical processes within the WWTE plant flow 
sheet.  This allows a conservative approach to be adopted and provides a superior outcome in 
terms of certainty of emissions inputs for the modelling over the alternative, which would involve 
extrapolation of measured emissions data. 
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31. Only three residences further to the west are considered as sensitive premises.  It is unclear why 
the other receptors which lie within the fallout contours indicated by the modelling appear 
unaccounted for.  Operation of the incinerator plant will be during working shifts, which means that 
residents are likely to be away from home at work.  However, neighbouring industries have been 
disregarded as sensitive receptors.  Workers would be present during the whole period that the 
plant is operational. 

For the purposes of environmental assessment, the definitions of sensitive receptors include 
residential properties (occupied or not) amongst a range of things, and “some commercial, 
institutional and industrial land uses  which require high levels of amenity or are sensitive to 
particular emissions…Examples include some retail outlets, offices and training centres, and 
some types of storage and manufacturing facilities.” (EPA 2005). 

The EPA definition does not specifically exclude the neighbouring manufacturing operations.  
As a consequence, modelling outputs (contour plots) were examined to identify maximum 
GLCs at these properties.  These show that NOx is the emission of greatest significance, with 
maximum predicted GLC at the boundary of the EMRC site in the order of 150 µg/m3 (1-hour 
average) for direct impact from the WWTE plant and 180 µg/m3 (1-hour average) for cumulative 
impact.  These concentrations are well under the air quality standard (246 µg/m3) for that time 
average.  All other emissions are further below their respective standards at that location.  
Consequently, worst-case emissions impacts from the proposed WWTE plant are considered 
acceptable in terms of health risks to neighbouring industry employees. 

32. The EMRC refers to their proposed plant as a pyrolysis plant, but compares emissions to EU WID 
incinerator standards.  There is little difference in using terminology such as pyrolysis or 
incineration.  During the one hour start up and shutdown, the plant will operate as an incinerator 
and it is during these periods that the contamination of local air is the highest. 

This issue is discussed in detail in Section 3.3. 

33. The proposed scrubber to be used is inadequate to remove some of the contaminants from the air.  
These technologies in isolation are insufficient to prevent significant emissions of nanoparticles, 
ultrafine particles (<PM 2.5), mercury, other heavy metals or dioxin and furans.  Other mediums for 
the scrubber have not been considered. 

The majority of heavy metals will be bound to bio-char fine particulates, which are readily 
removed from the raw syngas using a high efficiency two-stage wet scrubber.  Similarly, in the 
unlikely event that dioxins are formed in the pyrolysis process, they will be in the particulate 
phase at the exit temperature of the scrubbers (29°C) and be readily removed along with other 
particulates.  Aqueous wet scrubbing is entirely appropriate for syngas cleaning. 

34. Best available technology for flue gas scrubbing of incinerators includes electrostatic precipitators 
and baghouse scrubbers for particulate, urea and activated carbon injection for NOx and dioxin 
control and activated lime cascade for acid gases.  Heavy metal emissions (in gas phase) are very 
difficult to control even with baghouses and will be very problematic if treated wood enters the 
system.  The EMRC have not addressed the issue of elevated dioxin emissions through dioxin 
'memory effect' in their wet scrubbers (where dioxins emissions may become cumulative due to 
their entrapment in the wet scrubber). 

The syngas reformer converts hydrocarbons in the raw syngas to hydrogen and carbon 
monoxide as fuel for the gas engines and kiln burners.  The two-stage wet scrubber is required 
to remove particulates, tars and condensable organics that survive the reformation process.  In 
addition, the scrubbers reduce the temperature of the reformer product syngas from 500°C to 
design 29°C for use in the gas engines.  A baghouse is not appropriate technology for removal 
of tars and condensable organics under these conditions.  

Flue gas (main stack and gas engine exhaust gases) scrubbing is not required for the WWTE 
plant.  The emissions to atmosphere from normal operations arise from combustion of clean 
syngas in the kiln burners and the gas engines.  As described in the PER and elsewhere in this 
document, the levels of emissions from these sources under those conditions are negligible.  
Raw syngas is only combusted in the SACTO during bypass events, which are considered 
highly unlikely to occur due to redundancy in scrubber equipment and provision of backup 
power generation.  The low likelihood of bypass events notwithstanding, emissions are 
predicted to be well below the air quality criteria, and exhaust gas scrubbing is consequently 
not required. 

Dioxin scrubbing issues are addressed in Item 12 of Table 7. 
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35. The EMRC have not addressed the de novo synthesis of dioxins outside of the smokestack due to 
precursor reformation which will elevate overall dioxin emissions from the plant.  Everaert and 
Baeyens (2002) assessed extensive data of PCDD/F measurements on flue gas emissions from 
thermal processes (including municipal solid waste incinerators, combustors of wood and industrial 
waste, coal fired power plants and boilers, ferro and non-ferro processes) and pointed out that de 
novo synthesis is the dominant mechanism in several of these processes where conditions that 
favour the precursor formation are not experienced.  The analysis of PCDD/F profiles from large 
scale thermal processes in general, and municipal solid waste incinerators in particular, support the 
dominant role of the de novo synthesis, irrespective of the type of thermal process considered. 

These issues are addressed in Item 12 of Table 7. 

36. The EMRC have stated that their staff are being trained to identify contaminates in the feed stock.  
This indicates that in the past it was not necessary to isolate treated wood.  As such the large stock 
piles of woodchip could be contaminated and will need to be disposed of.  The stockpile of wood 
chips needs to be investigated for contaminates and if found, all operations should stop and the site 
be cleaned up. 

Only wood chip stockpiles that are free from contaminated wood will be used to supply 
feedstock to the WWTE plant.  Waste wood acceptance criteria and management practices are 
already in place at the Hazelmere Recycling Centre (http://www.emrc.org.au/acceptance-
criteria.html). 

37. The PER is based on an assumption of burning clean wood.  The EMRC have not been able to 
demonstrate how they will be able to prevent contaminated wood waste entering the facility.  
Treated timber burning will dramatically alter the emissions profile of the facility compared the 
quoted values in the PER.  In particular timber contaminated with substances such as chlorinated 
herbicides (termite treatment) and pesticides will dramatically elevate dioxin and furan emissions.  
Currently timber waste is not being screened and the timber waste has been observed to be 
contaminated by numerous substances. 

See Section 3.6 for a detailed discussion of this issue. 

38. The proposal will contribute to unacceptable air pollution levels to the Swan Valley airshed which is 
already heavily compromised in terms of acid gases by the existence of at least five brickworks 
(including the largest in the southern hemisphere), an international and domestic airport and a 
range of other smokestack industries. 

See Section 3.1 for a detailed response to this issue. 

39. Establishment of this facility contributes to undermining our international legal obligations under the 
Stockholm Convention on Persistent Organic Pollutants which requires parties (of which Australia is 
one) to reduce and where possible eliminate sources of POPs including highly toxic dioxins and 
furans which this facility will produce.  Instead of reducing and eliminating dioxins this facility will 
comprise a new and increased source of dioxins thereby contravening our international obligations 
under the Convention. 

The WWTE plant will operate in compliance with the National Implementation Plan published by 
the Department of Environment and Heritage (2006).  A key element of that plan is the 
implementation of BAT (best available techniques) and BET (best environmental practices) for 
thermal processing industries.  The proposed WWTE plant incorporates such practices in 
respect of low potential for dioxins formation and syngas purification.  In addition, the export of 
electrical power to the grid provides a small reduction in coal based generation and associated 
dioxins formation. 

40. Despite public claims that this proposal does not involve incineration the proponent states in the 
PER that "Excess syngas (will be) incinerated in SACTO".  As the proponent has no ability to store 
syngas on-site they intend to burn excess clean gas in the SACTO - the in-line incinerator that will 
burn both clean and dirty syngas as required and emit pollutants through the main stack of the 
plant.  Emissions of heavy metals, dioxins and particulates will be higher when the SACTO 
incinerator burns dirty syngas.  The exhaust from the SACTO will combine with the pyrolysis 
incinerator emissions and be released from the same main stack.  If any contaminated wood enters 
the plant emissions limits from the SACTO will likely be breached, and the proponent has not 
addressed how they will screen out contaminated timber.   

The SACTO is a high efficiency thermal oxidiser which provides the same function as a 
conventional flare as utilised in hydrocarbon processing facilities.  The real-time variability in 
clean syngas production requires safe management of syngas in excess of demands from the 
kiln burners and gas engines.  This is provided by combustion in the SACTO since the WWTE 
plant does not store syngas. 

The emissions from bypass events when raw syngas is combusted in the SACTO are predicted 
to comply with the WID limits and resultant GLCs are well below the air quality standards. 

See Section 3.6 for a detailed discussion of screening of contaminated timber. 
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Item Submission and/or issue Response 

41. It is not clear how many stacks there are and how this will affect the emissions.  The residence time 
of syngas within the gas combustion engine component of the plant is inadequate to prevent the 
formation of elevated levels of dioxins and PAHs.  The revolution of the engines would have to be 
as low as 60 rpm to achieve a one second residence time to prevent unacceptable pollutant 
formation.  This will not be the case. 

The plant will have one main stack. 

The gas engines consume clean syngas which does not contain precursors for dioxins 
formation in the gas engines.   

Gas engine combustion operates at significantly higher pressures during the compression 
stroke.  The 1 second residence time mentioned is for atmospheric pressure combustion. 

Negligible PAH emissions occur from spark ignition gas engines due to the high efficiency 
combustion conditions afforded by the clean syngas fuel. 

42. The DOH has indicated that modelling concentrations are predictions and importantly must be 
verified.  "Stack monitoring is not appropriate to determine exposure and consequently, DOH 
requires ground level concentrations for critical emissions.  DOH does not accept modelling 
predictions or compliant stack emission criteria as proof of complying with ambient air criteria." 

EMRC has committed to ambient monitoring of NOx to confirm predictions from the modelling, 
considering this parameter presents the highest risk in relation to comparison with ambient air 
quality standards.  The risks for other emission parameters are driven by current background 
concentrations which will not materially change due to the very low contributions from the 
WWTE plant. 

Further to this, the current ambient air particulate monitoring will continue when the WWTE 
plant is implemented.  

Section 3.1 addresses the air emission modelling process. 

43. Predicted impacts from the plant are within the relevant assessment criteria for both the direct and 
cumulative impacts given the assessments are based on the maximum predicted ground level 
concentrations.  The analysis undertaken appears extremely thorough. 

Noted. 

44. Given the EPA's determination that the only key environmental factor to be addressed in the PER is 
air quality and the emissions inventory/mass balance developed from the wood chip analysis and 
theoretical chemical transformation taking place within the pyrolysis process appears to meet the 
air quality requirements, there is no reason why the plant cannot be approved.  Actual emissions 
can be confirmed during commissioning.  Also pyrolysis is not new and has been extensively used 
in the industrialised world. 

Noted and agreed. 

45. Whilst internal combustion engines generate air emissions, these engines will not be great 
contributors considering all the vehicular traffic on the nearby roads and highways.  The main 
objections raised by a small group of concerned people have been about the emissions to air from 
these engines.  If the waste timber is trucked to Red Hill landfill the vehicles transporting will 
generate a quantity of similar emissions to those produced by the electricity generation at the site. 

Noted and agreed. 

46. No reference is made with regards to control of emissions from the discharge chamber of the kiln.  
Leakage of combustible gases of this scale could be catastrophic.  Dust control or disposal 
measures for the ash and char waste from the kiln, which comprise of carcinogenic materials, 
should also be considered. 

See Item 8 of Table 8 regarding sealing of the pyrolysis kiln.  Otherwise, the comment is noted. 

47. There is uncertainty on whether the community will be notified in the event that an exceedance in 
air quality standards is observed. 

Reporting on exceedances will be undertaken in accordance with the reporting conditions 
applied to the required approvals for the proposal. 

48. The annual average ground level concentrations are expressed as units of mass cubic metre for 
the sensitive receptors.  To express this as annual ground level deposition as mass per square 
metre is more logical. 

The criteria relate to concentrations at point receptors, not mass depositions over an area.  This 
is a universally accepted concept. 
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Item Submission and/or issue Response 

49. Impact of air quality on local plant and animal species based on dispersion modelling has not been 
adequately considered. 

Impacts on flora and fauna were outside the scope of the assessment.  There are no relevant 
criteria that can be applied in this case, and given that human health criteria are likely to be at 
least as stringent as for other forms of life, the effects on those factors are not expected to be 
significant. 

50. It is unclear whether the maximum emissions rate was based on the worst case compositional data 
from low quality wooden materials.  There are no limits cited in the PER to indicate whether 
projected emissions from the plant conform to WA, Australian or overseas standards for similar 
plants. 

The emission rates were based on measured composition of stockpiled wood chip from the 
Hazelmere facility.  As such they represent the typical feed stock composition, which is a blend 
of all waste wood accepted at the facility. 

Predicted emissions from the facility have been compared with applicable air quality standards 
in the PER. 

51. It is imperative that the site is closely monitored to ensure predictions are not causing adverse 
effects on the community.  Monitoring air quality once per year and then every two years after a five 
year period is insufficient.  Government monitoring has a record of being inadequate and residents 
would not be informed about serious emission incidents until months after its occurrence.   

The monitoring requirements will be determined as part of the EP Act Part V Works Approval 
and prescribed premises licensing process.  The proposed monitoring regime is in accordance 
with the EPA recommendations (Item 10 in Table 7). 

52. Operating times of the proposal seem to be set to 16 hours per day (14 hours per day of peak 
period electricity generation), 5 days per week.  This completely ignores periods of adverse 
weather conditions such as strong winds and inversions.  The facility, if constructed, should only 
operate within the weather conditions as modelled in the air dispersion model.  The modelling does 
not take into account unusual weather conditions. 

The dispersion modelling uses five years of meteorological data (2008-2012, inclusive) from 
Perth Airport, which includes strong wind and inversion conditions in the data set.  

53. There is uncertainty regarding the effect that emissions will have during fire season and fumes to 
the Darling Scarp by prevailing winds. 

The emissions will have no impact on the potential risks of bush fires on the Darling Scarp 
because of the nature of the emissions and the separation distance. 

 

Table 11:  Greenhouse gas emissions 

Item Submission and/or issue Response 

Submitter: ACE; Public submitters 

In summary, the submitters contend that: 

1.  The proposal has the potential to increase overall greenhouse gases in comparison to confirmed 
sustainable and renewable energy technologies.  It is scientifically and widely recognised that 
biomass incineration is not carbon neutral and emits more carbon dioxide than coal per unit of 
energy produced. 

The USEPA (2013) makes the following statement regarding greenhouse gas emissions from 
use of natural gas vs coal: “The average emissions rates in the United States from natural gas-
fired generation are: 1135 lbs/MWh of carbon dioxide, 0.1 lbs/MWh of sulfur dioxide, and 
1.7 lbs/MWh of nitrogen oxides.  Compared to the average air emissions from coal-fired 
generation, natural gas produces half as much carbon dioxide, less than a third as much 
nitrogen oxides, and one percent as much sulfur oxides at the power plant.” 

While the syngas produced by the Proposal does not contain exactly the same constituents as 
natural gas, the product is considered to be a similarly ‘clean energy’ fuel, and greenhouse gas 
emission rates would be of a similar order to that of natural gas. 

2. Placing timber in landfill will create methane, a gas far more likely to contribute to greenhouse 
warming and more difficult to deal with. 

Noted and agreed. 
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Table 12:  Inland waters environmental quality 

Item Submission and/or issue Response 

Submitter: ACE; Public submitters 

In summary, the submitters contend that: 

1.  The Helena river runs through this area and flows into the Swan River, and there is potential growth 
of pollution.  This would eventually place residents and the environment at risk and further 
contamination is not wanted. 

This is an unsubstantiated speculative statement.  No effects on the Helena or Swan Rivers are 
expected as a result of the proposal, because of the high separation distances and 
consequently low GLCs of any air emissions (> 3 km). 

2. Red Hill is a more suitable location for the WWTE plant as the ground is hard gravel with limited 
contact with the Perth water river catchment area.  Waste water from the plant could also be used 
to water plants needed to revegetate the tip area. 

See Section 3.8 for a detailed discussion of this issue. 

 

Table 13:  Amenity 

Item Submission and/or issue Response 

Submitter: Department of Environment Regulation 

The Department of Environment Regulation has advised the following: 

1.  The proponent should demonstrate that overall noise emissions from the operations within the 
Hazelmere Recycling Centre will be able to comply with noise regulations.  These operations 
should include at least the existing timber and mattresses recycling facilities and the proposed 
WWTE plant. 

The EPA has indicated in the ESD that the noise factor would not be assessed by the EPA.  
This factor will be directly regulated by DER under the provisions of the EP Act Part V Works 
Approval application assessment and prescribed premises licensing process.  The proposal is 
subject to meeting the noise emission level criteria set out in the Environmental Protection 
(Noise) Regulations 1997.  The Works Approval noise studies indicate that these criteria will be 
met. 2.  Table 13 Amenity (noise) states that 'Noise emissions are not considered to be significant as they 

are predicted to be below assigned levels', based on the modelling results by Lloyd George 
Acoustics.  However, the noise modelling was conducted on the proposed WWTE plant only.   

3.  It is understood that the proposed WWTE plant is actually an addition to the current Hazelmere 
Recycling Centre, and the current timber and mattresses recycling facilities will continue to operate.  
The DER considers that the proponent needs to demonstrate that the overall noise emissions from 
all operations within the boundary of the Hazelmere Recycling Centre, including the existing timber 
and mattresses recycling and the proposed WWTE operations, will comply with (or not be 
considered to be significantly contributing to an exceedance of) the assigned noise levels.  Further 
evaluation is therefore required. 

4.  The proponent should collect and present information of existing noise emission levels at the 
neighbouring noise sensitive premises, in accordance with the draft Environmental Protection 
Authority Guidance Statement No.8: Environmental Noise.   

5.  Information on the existing noise levels received at the neighbouring noise sensitive premises was 
not presented, i.e.  the ambient noise, including the noise contributions from other industries in the 
area and the noise from the existing operations on the EMRC site.  This information should be 
collected and presented, in accordance with the EPA Guidance No.  8.  This information is 
necessary for the public to help understand how much extra noise impact to the proposed WWTE 
plant will introduce. 
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Item Submission and/or issue Response 

6.  The air quality assessment should include specific consideration of fugitive dust and odour 
emissions.  Operations such as the one currently proposed tend to have low emissions from stacks, 
but potentially higher emissions of dust and odour from less easily controlled and exposed 
activities, such as vehicle movements and unloading, and organic matter stockpiles.  There 
appears to be no attempt to consider fugitive dust emissions.  While odour is addressed briefly in 
the main report, there is no discussion of the potential odour emission rates likely to occur and 
whether it poses any problematic issue. 

The wood chip stockpiles, wood loading and grinding facilities are existing facilities and do not 
form part of the proposal being assessed within the ambit of the PER.  Dust emissions from the 
bio-char will be eliminated as the hot bio-char product will be water quenched.  This will be 
dealt with in detail in the EP Act Part V Works Approval application assessment and prescribed 
premises licensing process. 

The existing wood waste receiving and chipping processes and wood chip stockpiles do not 
give rise to odour emissions of significance since minimal bio-degradation of those materials 
occurs.  No change in the stockpiling activity is proposed for the proposed WWTE plant, so 
odour emissions from the stockpiles are not expected to be an issue. 

Submitter: Public submitters 

In summary, the submitters contend that: 

7.  Potential issues arising from increased odour from the WWTE plant have not been specifically 
addressed by the PER and is a major concern for local residents.  Hazelmere and other areas in 
the Swan Valley are well known for the characteristic occurrence of temperature air inversions, 
which trap smoke and stack emissions from surrounding factories, evident from the airborne odours 
in the past during windless evenings.  Many residents have noted that the existing odour is 
concerning and consider the proposal may potentially cause further impacts to odour. 

Odour emissions are not expected to be an issue for the WWTE plant as the wood waste has 
been demonstrated from current site operations to be a low odour waste.  No change in the 
stockpiling activity is proposed for the proposed WWTE plant, so odour emissions from the 
stockpiles are not expected to be an issue. 

Some odour may be produced from the waste water in holding tanks, and if necessary, this can 
be controlled with installation of carbon filters on tank vents. 

8.  It is noted that the Works Approval application states that the handling and stockpiling practices for 
the wood feed material for the plant will not result in the forming of fugitive odours.  In particular, 
wood stockpiles would be processed at a rate that would preclude rotting of the wood when wet 
during the winter months. 

Noted and agreed. 

9.  Increased noise and vibration have not been considered, particularly from increased traffic on key 
transport routes to the WWTE plant and other operational activities. 

Stakeholder consultation identified an increase in traffic movements (primarily truck and trailer 
movements) as an important factor for the amenity of the area.  The proposed route used by 
trucks and trailers accessing and leaving the site would be along Lakes Road and Stirling 
Crescent to the Great Eastern Highway Bypass.  This route may be subject to change over the 
next three years in accordance with a planned upgrade of Bushmead Road and Lakes Road in 
conjunction with the extension of Lloyd Street by City of Swan.  The increase in traffic impact 
has been calculated based on the current proposed road-use. 

The WWTE plant is likely to produce around 1500 tonnes of bio-char per year.  The bio-char 
will be trucked off site either by two 15-tonne trucks or a 30-tonne truck and trailer.  This 
equates to approximately 100 additional trucks per year or 50 additional trucks and trailers per 
year.  On average, two extra truck movements are anticipated per week from the WWTE plant. 

Current movements to the Hazelmere facility average around 35 truck movements per day, or 
175 movements per week (based on a five day week).  Potentially, the count could increase by 
two trucks per week, which gives 177 movements per week on average.  This is an increase of 
just over 1% of traffic from the Hazelmere facility. 

Counts from 2008–2009 show that Bushmead Road east of West Parade was used by 
6810 vehicles per weekday on average, having increased from 6060 in 2006–2007 and 5250 in 
2004–2005 (Main Roads WA 2009).  Around 144 trucks that use Lakes Road on a daily basis, 
or 720 movements per week (based on a five-day week).  The increase of two trucks per week 
equates to an increase of around 0.3%. 
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Table 14:  Human health 

Item Submission and/or issue Response 

Submitter: ACE; Public submitters 

In summary, the submitters contend that: 

1.  The proposal is located within 14 km of Perth central and has the potential to adversely impact 
public health, particularly to surrounding residents located within five kilometres of the proposal 
including Hazelmere, Guildford, Bellevue, Midland, High Wycombe and Bassendean, which is a 
developing area.   

See Section 3.2 for a detailed discussion of this issue. 

2.  The EPA has recommended that "waste to energy plants must be sited in appropriate current or 
future industrial zoned areas with adequate buffer distances to sensitive receptors." A buffer zone 
has not been included and there are three residences just metres away from the site.  A new 
suburb called Bushmead is also proposed, which is one kilometre from the proposed incinerator.   

The plant is to be located on land zoned for industrial purposes with an appropriate buffer 
distance from sensitive receptors. 

The proposed development of the Hazelmere waste management precinct that includes the 
WWTE plant will ensure buffer integrity is maintained. 

3.  The PER suggests that there are only three sensitive receptors in relation to this proposal.  
Emissions to air and potential adverse air quality impacts resulting from the proposal could not only 
be limited to residential properties situated immediately adjacent to the proposal, rather the entire 
suburb of Hazelmere and other surrounding suburbs would potentially be impacted. 

The GLCs at the nearest sensitive receptors (residences) have been considered to illustrate the 
emissions impacts.  Residences and other receptors further removed from the WWTE plant site 
will experience lower emission impacts due to dispersion of airborne contaminants that occurs 
with distance from a source. 

4.  There are potential detrimental effects as a result of the proposed plant.  Hazelmere and its 
surrounds already bears a large burden of polluting industries and also the significant flight path 
from Perth airport.   

The cumulative impacts of the Proposal have been considered in the PER assessment and 
demonstrate that the Proposal will contribute a minor increase in GLCs of the airborne 
contaminants, which are all well under the conservatively-based health criteria. 

5.  The current NEPM's for air toxics and criteria pollutants are out of date and inadequate to protect 
public health.  While the federal government and independent scientists acknowledge this, it is hard 
to understand the ever-increasing approvals of stack industries, particularly those situated so close 
to populated communities such as this Hazelmere proposal.  The host community includes 
numerous schools and childcare centres within a 5 km radius of the plant, and children will be most 
vulnerable to air pollution.   

The air quality standards utilised in the air quality impact assessment were approved by the 
Department of Health.  EMRC can only commit to comply with current standards.  Revised 
standards may well be implemented in the future; however, the nature of those standards is 
unknown at this time.  All emitters of air pollution will be affected by changes to air quality 
standards. 

6.  The proponent have acknowledged that reduced air quality is associated with vehicle emissions 
and potential health impacts, and that poor air quality is exacerbated by the meteorological and 
topographical characteristics of the region, resulting in periodic exceedances of air quality 
standards.  The failure to include this data invalidates the air quality modelling and renders all 
ground level concentration data for sensitive receptors invalid.  There is no assurance to public 
health and safety. 

The source and basis of the acknowledgment by EMRC that “reduced air quality is associated 
with vehicle emissions and potential health impacts, and that poor air quality is exacerbated by 
the meteorological and topographical characteristics of the region, resulting in periodic 
exceedances of air quality standards”, is not known.  There is no reference to this concept in 
the PER. 

7.  The World Health Organisation (WHO) reported that outdoor air pollution is, "Estimated to cause 
3.7 million premature deaths worldwide… due to exposure to small particulate matter of 10 microns 
or less in diameter (PM10), which causes cardiovascular and respiratory diseases, and cancers".  
There is concern that a group purportedly charged with protecting the environment, would agree to 
the construction of an incinerator even remotely close to any suburban area.  If other sites are 
available for this incinerator, an area as densely populated as the City of Swan should not be 
chosen.   

GLCs of PM10 have been included in the air quality modelling and presented in the PER.  These 
results are substantially below the health criterion for this component. 

8.  Due to the prevailing winds, toxins from this plant would spread much further than Guildford.  Aside 
from being in the air we all breathe, the toxins would settle onto the soil and plants in these 
surrounds including the Swan Valley and the hills areas.  By supporting our local growers we will 
be consuming these chemicals as well. 

The air quality modelling has taken account of wind conditions experienced in the locality of the 
proposed plant, and conservatively demonstrates that the resulting GLCs of potential 
contaminants are well within all health criteria. 
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Item Submission and/or issue Response 

9.  Concern is raised that the proposal will impact on their health, particularly people will respiratory 
illnesses.  Public health should be more important than company profits. 

See Section 3.2 for a detailed discussion of this issue. 

10.  The air quality in the Midland/Hazelmere area already suffers from industrial pollution and this has 
impacted on the health and quality of life of residents.  Duty of care of City of Swan and EMRC to 
public health should be to not support proposals which emit toxins that over the long term could 
increase cancer risks, birth defects, fertility, elderly and young children.   

11.  There is too much uncertainty in relation to this proposal, its potential emissions and subsequent 
health and environmental impacts. 

This statement is unclear in terms of where the alleged uncertainties lie.  The air quality 
modelling has been scientifically-based, using a highly conservative approach to ensure any 
reasonable uncertainties are addressed. 

12.  Wood chips at the site have been observed to be rotting.  There is concern that disturbance of 
these rotting wood chips would contribute to site emissions and that the fungal growths would 
impact on health, should they be used as plant feed.   

Some very old unsaleable stockpiles of wood chip have discoloured and degraded to some 
extent, but this material will have been removed from site by the time the proposed plant is 
constructed.  Fungal growths can occur in wood chip from time to time because of the 
prevalence of common spores which only need the right temperature and moisture conditions 
to provide growth.  The fungi would not survive the pyrolysis kiln temperatures; therefore, no 
impact on air quality and health is expected. 

13.  Fines from the woodchip are used for bedding in the poultry industry, and chickens that ingest 
treated wood fines may not be suitable for human consumption. 

Relevance to the proposal is unclear. 

14.  Concern was raised that emissions of dioxins are ludicrous as they are unsafe and have been 
banned in several countries.  In 2012, the US Environmental Protection Agency released its health 
assessment of dioxins, which found potentially serious effects even at ultra-low levels of exposure.  
Dioxins build up in humans and persist in the environment.  There is no safe level of exposure and 
are linked to cancer, disrupted hormones, reproductive damage, neurological effects, immune 
system changes and skin disorders. 

The USEPA makes the following statement regarding its 2012 health assessment of dioxins 
(USA 2012), which differs significantly from the assertion in the submission: 

"Dioxins" refers to a group of toxic chemical compounds that share certain chemical 
structures and biological characteristics.  Dioxins can be released into the environment 
through forest fires, backyard burning of trash, certain industrial activities, and residue 
from past commercial burning of waste.  Dioxins break down very slowly and past 
releases of dioxins from both man-made and natural sources still exist in the 
environment. 

Almost every living creature has been exposed to dioxins.  Studies have shown that 
exposure to dioxins at high enough levels may cause a number of adverse health effects, 
including cancer.  The health effects associated with dioxins depend on a variety of 
factors including: the level of exposure, when someone was exposed, and for how long 
and how often someone is exposed.” 

Dioxins/furans are not expected to be formed in the process, due to the absence of significant 
levels of chlorine (not detected in wood feedstock) and oxygen (anoxic pyrolysis process).  Any 
dioxins that may form and any chlorine that may be present below limits of detection will have 
been removed from the clean syngas in the reformer and scrubbers, and are not available for 
dioxins to form in the syngas combustion processes. 

Raw syngas that is combusted in the SACTO during bypass events may give rise to dioxins 
formation, due to trace levels of chlorine that may be present below the detection limit in the 
wood feedstock.  However, emissions could only continue for a short period (<30 minutes) 
since the wood feed will be immediately terminated and kiln burners shut-down for a bypass 
event so that raw syngas generation decays rapidly. 

 



 Hazelmere Wood Waste to Energy Plant 

EMR14141_01 R002 Rev 5  

17-Jul-15  58 

Table 15:  Consultation 

Item Submission and/or issue Response 

Submitter: ACE; Hon Michelle Roberts MLA; NTN; Public submitters 

In summary, the submitters contend that: 

1.  There was no notification or any consultation from the proponent with regard to the proposal.  This 
highlights a distinct lack of real public consultation by the proponent.  If the EPA had not assessed 
the proposal, many members of the community would not have known about this proposal until it 
was too late to take action.   

Substantial consultation with stakeholders was carried out prior to finalisation of the PER, and 
is described within that document.  Subsequent to release of the PER, a public information 
meeting was held in the Midland Town Hall on the evening of 15 May 2014, in which detailed 
information relevant to the PER was presented to approximately 40 attendees, followed by a 
formal question and answer session.  Informal discussions were held with some stakeholders 
who chose to remain after closure of the formal sessions. 

The issues raised by stakeholders during the formal question and answer session were 
recorded.  The majority of issues raised that are relevant to the PER were also included in the 
formal submissions, and have accordingly been addressed in this document. 

2.  The EMRC has not approached community engagement in good faith and there has been 
inadequate length of public consultation.  Public consultation identified that majority of the public 
are opposed to this form of technology.   

The length of the public comment period was set by the EPA.  There is no evidence that 
supports the assertion that the majority of the public are opposed to this form of technology. 

3.  The EMRC have misled the public on the definition of the technology by referring this as pyrolysis 
where in reality it is a staged incinerator.  The EMRC is now acting against majority of its 
constituents.  The EMRC has attempted to down play the impact of the pyrolysis plant and have 
denied that the waste-to-energy industry is only an emerging industry and not yet operational in 
WA. 

See Section 3.3 for a detailed discussion of this issue. 

4.  The City of Swan and the EMRC gave a commitment not to locate an incinerator on the Hazelmere 
site, and that the site would only be used for recycling, waste recovery and waste transfer.  The 
local community was not informed or involved at all prior to referral of the proposal to the EPA.  The 
community only had one week to have input on the level of assessment as at this time, very few 
people knew about the proposal. 

Neither City of Swan nor EMRC have given any such commitments as alleged.   

The proposal is not an incinerator.  See Section 3.3 for a detailed description of the difference 
between pyrolysis and incineration.   

The Hazelmere Progress Association and the Community Action Network was informed of the 
WWTE plant as part of a briefing on the proposed site development in the second half of 2013. 

5.  The EMRC attempted to by-pass environmental assessment and public involvement through 
submission of a Works Approval application prior to EPA referral, with the request for it not to be 
subject to environmental assessment.  Some highly relevant material was included in the Works 
Approval but not in the PER document.  There is concern that there is selective or insufficient data 
available to the public for a fully objective and evidence based report. 

The Works Approval application and the EP Act s 38 referral were submitted within several 
weeks of each other, with no intention of avoiding environmental assessment.  While EMRC 
considered that assessment under Part IV of the EP Act was not necessary, EMRC 
acknowledged that this was a decision for the EPA, and voluntarily referred the Proposal.  
There is no statutory obligation on a proponent to refer a proposal; however, EMRC chose to 
refer the WWTE plant in good faith and has accepted the EPA decision to assess at the highest 
level of assessment (PER). 

The EPA determined the key environmental factors to be addressed in the PER through the 
ESD, which has been conformed with. 

6.  Despite comments by the EPA chairman that an environmental review document could be subject 
to up to three months public review, it seems that the process is being fast tracked.  The PER does 
not appear to be any more detailed than the original document submitted to the EPA by the EMRC 
and the community was given only one months' consultation. 

This is an issue for the EPA to respond to.  The PER conforms to the detail required by the 
EPA as set out in the ESD. 

7.  A PER document should be written in such a way as to allow any member of the public to fully 
understand the document and this has not been achieved.  Sections of the PER were unclear and 
hard to understand.  It is essential that the public are able to fully understand its content and the 
potential implications of the proposal. 

The science of air quality and dispersion modelling is highly complex, and difficult to express in 
clear lay-terms without diluting the specifics of the science.  The PER has been written in a 
manner that has attempted to balance this complexity with an ease of understanding. 
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4. Changes to the Proposal 

As implied by the responses to public submissions and peer reviews addressed in the preceding sections 

of this document, one change to the key characteristics of the proposal described in the PER is considered 

necessary in response.  That change involves installation of a two-stage wet scrubber system rather than a 

single-stage system. 

The proposal will also be subject to a comprehensive commissioning plan, based on a staged 

commissioning approach as appropriate and practicable.  This will be developed, once the proposal is 

approved by the Minster. 

The outcomes of the EP Act (Parts IV and V) approval processes may result in changes to the monitoring 

regime as a result of approval conditions to be placed on the Proposal. 
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Scope of Work, Independent Peer Review 
Proposed Hazelmere Wood Waste to Energy Plant 
 
Introduction 
 
EMRC proposes to construct and operate a small wood waste to energy plant at its industrial 
site in Hazelmere. 
 
The proposal was referred to the Environmental Protection Authority (EPA) in January 2014 
with a recommendation for assessment under Part V of the Environmental Protection Act 
1986 (EP Act), i.e. a Works Approval type of assessment. 
 
The EPA decided to formally asses the project under Part IV of the Act, at a Public 
Environmental Review level of assessment ,with 4 weeks public comment period. The only 
environmental factor requiring environmental impact assessment was air quality.  In 
addressing this factor, the proposal had to demonstrate compliance with the EPA 
requirements for “proven technology” as set out in the EP Act s 16(e) advice to the Minister 
for the Environment on waste to energy technologies. The advice document sets out six 
principles “as key to the successful operation of waste to energy plants in Western Australia” 
(EPA 2013a).  The first principle identified by the EPA is: 

“Only proven technology components should be accepted for commercially operating 
waste to energy plants.” 

 
Recommendation 3 of the EPA s 16(e) advice is: 

“Waste to energy proposals must demonstrate that the waste to energy and pollution 
control technologies chosen are capable of handling and processing the expected 
waste feedstock and its variability on the scale being proposed. This should be 
demonstrated through reference to other plants using the same technologies and 
treating the same waste streams on a similar scale, which have been operating for 
more than twelve months.” 

 
The detailed requirements of the recommendation are set out in the s 16(e) advice as 
follows: 

“In assessing waste to energy proposals, the EPA will seek for proponents to 
demonstrate that: 

• The technology for each component in the proposed configuration of the plant 
has operated reliably elsewhere; 

• The combination of technologies for the components can operate well within 
emissions standards equal to the European Union’s Waste Incineration 
Directive (WID); 

• The technology for each component has a successful track record in treating 
the same waste streams as those proposed; 

• If possible, the technology for each component has been operated at a similar 
scale or have a track record at a lower scale that can be reasonably 
upscaled; and 

• If possible, the configuration of components of the plant has also been 
previously demonstrated elsewhere.” 

 
The issue of proven technology has been raised in several public submissions, and is an 
issue of major concern to the EPA. 
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EMRC has addressed the public submissions in a draft Response to Submissions; however, 
the EPA requires further information to addressed the provenness aspect. The EPA has 
indicated that an independent peer review that demonstrates that the plant meets the EPA 
objectives, as set out in the s 16(e) advice, could provide the level of assurance it requires. 
 
Scope of Work 
 
An independent peer review of the proposed Hazelmere Wood Waste to Energy Plant 
proposal is required to demonstrate the provenness of the proposed technology, that covers 
the following: 
• design, development and testing of the pyrolysis unit and gas reformer components in 

terms of having been developed to the point of being proven as ready for commercial 
implementation 

• the ability of all components of the plant to effectively and safely function in combination 
• the extent to which the plant meets the requirements of Recommendation 3 of the 

s 16(e) advice. 
 
The independent peer review will need to consider the following aspects of the proposed 
plant: 
 

1. Review plant design as proposed (subject to the execution of a Non Disclosure 
Agreement by all parties involved in the review to protect the IP in the technology). 
This will be prepared by Ansac Limited as the technology provider. 

2. Review of the proposed facility in respect of the EP Act section 16(e) advice to the 
Minister for the Environment on waste to energy technologies. The first principle 
identified by the EPA is: “Only proven technology components should be accepted 
for commercially operating waste to energy plants. Recommendation 3 of the EPA 
s 16e advice is: “Waste to energy proposals must demonstrate that the waste to 
energy and pollution control technologies chosen are capable of handling and 
processing the expected waste feedstock and its variability on the scale being 
proposed. This should be demonstrated through reference to other plants using the 
same technologies and treating the same waste streams on a similar scale, which 
have been operating for more than twelve months.”  
 
The detailed requirements of the recommendation are set out in the s 16(e) advice as 
follows:  
“In assessing waste to energy proposals, the EPA will seek for proponents to 
demonstrate that: 

• The technology for each component in the proposed configuration of the plant 
has operated reliably elsewhere; 

• The combination of technologies for the components can operate well within 
emissions standards equal to the European Union’s Waste Incineration 
Directive (WID); 

• The technology for each component has a successful track record in treating 
the same waste streams as those proposed; 

• If possible, the technology for each component has been operated at a similar 
scale or have a track record at a lower scale that can be reasonably 
upscaled; and 

• If possible, the configuration of components of the plant has also been 
previously demonstrated elsewhere.” 
 

3. There are three particular public submissions that make a range of serious detailed 
claims about the efficacy of the technology. These submissions have caused a high 
level of concern to the EPA, and the peer review should address the matters raised 
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in these submissions. The EMRC/Ansac draft response to these submissions will be 
included in this review to enable the peer reviewer to comment on the the veracity of 
the three submissions and adequacy of the response. 

4. Review of commercial scale examples of pyrolysis technology, including capacity, 
type of feedstock processed, length of operation, compliance with the WID (if 
relevant). This could include the Premier Coal Char plant at Collie, and up to three 
other commercial scale examples already discovered by the EMRC understood to be 
operating on similar feedstocks (wood chip) or more complicated feedstocks (such as 
mixed MSW). The intention is to review plants that are at a similar or larger or scale 
to that proposed, on similar or more complex feedstock. 

5. Review of commercial scale examples of components of the proposed technology, 
including capacity, type of feedstock processed, length of operation. This could 
include operation on similar feedstocks (wood chip) or more complicated feedstocks 
(such as mixed MSW), at scale proposed or at a larger scale. 

6. Review of the proposed plant commissioning process in terms of being best practice, 
such that the process presents the lowest practically achievable risk of an adverse 
outcome from an environmental and safety viewpoint .  This component of the review 
should identify the extent of that risk in terms of potential for releasing uncontrolled 
atmospheric emissions, or of a significant fire and/or explosion. 
 

Proposed Independent Peer Reviewers 
 
A Peer Review Panel is proposed to undertake the peer review as scoped above.  The panel 
is to comprise the following members, led by Gerald Tetchner, with the intention of providing 
a single consensus report on the review.  Detailed CVs of the proposed panel members are 
attached. 
 

1. Mr Gerald Tetchner, Managing Director, Enertech Engineering Consultants Limited, 
certified Plant and Process Engineer with a licence to run Pyrolysis Plants. 

2. Dr Kevin Whiting, Senior Technical Director, WSP Environmental, PhD Chemical 
Engineering. 

3.  Dr Frank Hardwick (former head of DEFRA Technology Review Team as well as 
managing the scientific division of the UK EA Team), PhD in Chemistry. 
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Limitations 

This Technical Peer Review and Appraisal is based on information supplied by EMRC and 

to the Independent Peer Review Panel 

The intention of this Peer Review is to provide an independent assessment and view in 

response to key concerns raised by The 

Authority.  

It is not a detailed feasibility or due

taken as either criticism or endorsement of the design other than points raised and reported 

on. 

In preparing the report, the panel has relied upon data and information provided by EMRC 

(“the data”).  Except as otherwise expressly stated in the report, the panel has not verified the 
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information and conclusions in the report (“conclusions”) are based in whole or part on the 

data, those conclusions are contingent upon the accuracy and completeness of the data.  
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from the data.  The panel will not be liable in relation to incorrect conclusions should any data, 

information or condition be incorrect or have been concealed, withheld, misrepresented or 

otherwise not fully disclosed to 

the panel has made any enquiry to verify the correctness of that assumption.

The review is not a detailed technical due diligence study or feasibility assessment.
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Executive Summary 

Introduction 

EMRC proposes to construct and operate a small wood waste to energy plant at its industrial 

site in Hazelmere.  The proposal was referred to the Environmental Protection Authority (EPA) 

in January 2014 under Part IV of the Western Australian Environmental Protection Act 1986 

(EP Act).  The EPA decided to assess the project at a Public Environmental Review (PER) level of 

assessment, with four weeks public comment period.  The environmental factor requiring 

environmental impact assessment was air quality.  In addressing this factor, the proposal is 

required to demonstrate compliance with the EPA requirements for “proven technology” as 

set out in the EP Act s 16(e) advice to the Minister for the Environment on waste to energy 

technologies.  The advice document sets out six principles “as key to the successful operation 

of waste to energy plants in Western Australia” (EPA 2013a). The first principle identified by 

the EPA is: 

“Only proven technology components should be accepted for commercially operating 

waste to energy plants.” 

The EPA consequently requested an independent peer review of the proposed Hazelmere 

Wood Waste to Energy Plant proposal demonstrate the proven nature of the proposed 

technology with respect to criteria set out in the s 16(e) advice. 

Independent review panel structure 

The independent peer review panel comprised: 

1. Mr Gerald Tetchner, Managing Director, Enertech Engineering Consultants Limited. 

2. Dr Kevin Whiting, Senior Technical Director, WSP UK Ltd, PhD Chemical Engineering. 

3. Dr Frank Hardwick (former head of DEFRA Technology Review Team as well as managing 

the scientific division of the UK EA Team). 

4. Mr Steven Wood, Principal Consultant, WSP UK Ltd. 

The review panel was provided with the process flow diagrams, mass balance details together 

with manufacturing drawings for all key components of the proposed plant, which have been 

reviewed in depth. 

The review panel has approached this work from two separate positions: 

1. Scientific process operational and regulatory stance. 

2. Commercial engineering consultancy stance. 
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Conclusions 

With respect to the overall issue of proven nature of the proposed technology to be adopted 

in the Hazelmere Wood Waste to Energy Plant, considered in terms of the EPA criteria set out 

in the s 16(e) advice to the Minister, the following conclusions were drawn by the panel: 

1. With the exception of the Syngas Reformer and Syngas Treatment systems, the proposed 

technology components can be considered to have been proven in various international 

applications.  Specifically: 

(a) The feedstock system can be considered to be proven, although there is unlikely to 

be a reference plant using the exact same configuration as proposed for Hazelmere. 

(b)  There have been a number of rotary kilns used successfully at a commercial scale for 

pyrolysis of wood and waste feedstocks.  While a number of these plants have 

experienced technical issues, and are no longer in operation, they did demonstrate 

that the rotary kiln part of the process could be made to work.  The pyrolysis 

technology can be considered proven at similar scales for feedstock other than the 

proposed wood waste.  Some design changes are proposed by Ansac that do not 

appear to have been fully tested, indicating that the Ansac technology can be 

considered as partially proven. 

(c) The Syngas Reformer is intended to carry out the required function of enhancing the 

gas product from the kiln and increasing the recovery of energy from tar.  However 

while there are larger plants carrying out this function elsewhere, the efficiency of 

this process has not been established for units of the scale operating under the same 

temperature conditions as proposed at Hazelmere.  Considerable work is required to 

develop the reformer, as there is significant technical risk associated with the unit.  

While reformer technology can be considered proven in certain applications, the 

panel believes that further testing needs to be undertaken to prove that the catalytic 

reformer technology can be successfully employed in small-scale operations as 

proposed at Hazelmere. 

(d) The Syngas Treatment Plant is expected to refine and reduce tars, particulates and 

other pollutants, and the proposed technology can be considered as generally 

proven.  However, the efficiency of this process within the Ansac design has not been 

established and the panel has concerns about the effectiveness based on the present 

design. 

(e) The other plant elements can be considered to be proven technology, being standard 

components that are well understood, and successfully installed and operated at a 

wide range of scales, including that proposed for Hazelmere. 
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2. Provided the reservations recorded with respect to the unproven nature of the Syngas 

Reformer and Syngas Treatment systems are addressed through redesign, and/or pre-

construction trialling, the proposed configuration of components could be expected to 

perform without any unacceptable level of risk regarding safety or the environment. 

3. The plant will conform to WID requirements where relevant (i.e. any syngas that has not 

been conditioned will be diverted to the SACTO for combustion to temperatures 

exceeding 850°C for two seconds minimum time). 

4. In some areas, the plant components are very close together when space is available to 

increase distances between primary plant units, and could be increased to improve 

maintenance accessibility, as an important aspect of successful operation. 

There were no significant elements of differing opinion between the panel members. 
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1. Introduction 

EMRC proposes to construct and operate a small wood waste to energy plant at its industrial 

site in Hazelmere. 

The proposal was referred to the Environmental Protection Authority (EPA) in January 2014 

under Part IV of the Western Australian Environmental Protection Act 1986 (EP Act).  The EPA 

decided to assess the project at a Public Environmental Review (PER) level of assessment, with 

four weeks public comment period.  The environmental factor requiring environmental impact 

assessment was air quality.  In addressing this factor, the proposal is required to demonstrate 

compliance with the EPA requirements for “proven technology” as set out in the EP Act s 16(e) 

advice to the Minister for the Environment on waste to energy technologies.  The advice 

document sets out six principles “as key to the successful operation of waste to energy plants 

in Western Australia” (EPA 2013a). The first principle identified by the EPA is: 

“Only proven technology components should be accepted for commercially operating 

waste to energy plants.” 

The EPA consequently requested an independent peer review of the proposed Hazelmere 

Wood Waste to Energy Plant proposal demonstrate the provenness of the proposed 

technology, that covers the following: 

• design, development and testing of the pyrolysis unit and gas reformer components in 

terms of having been developed to the point of being proven as ready for commercial 

implementation 

• the ability of all components of the plant to effectively and safely function in 

combination 

• the extent to which the plant meets the requirements of Recommendation 3 of the 

s 16(e) advice. 

Scope of peer review 

The scope of work for the peer review required consideration of the following aspects of the 

proposed plant: 

1. Review plant design as proposed (subject to the execution of a Non Disclosure Agreement 

by all parties involved in the review to protect the IP in the technology).  This will be 

prepared by Ansac Limited as the technology provider. 
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2. Review of the proposed facility in respect of the EP Act section 16(e) advice to the 

Minister for the Environment on waste to energy technologies.  The first principle 

identified by the EPA is: “Only proven technology components should be accepted for 

commercially operating waste to energy plants.  Recommendation 3 of the EPA s 16e 

advice is: “Waste to energy proposals must demonstrate that the waste to energy and 

pollution control technologies chosen are capable of handling and processing the 

expected waste feedstock and its variability on the scale being proposed.  This should be 

demonstrated through reference to other plants using the same technologies and treating 

the same waste streams on a similar scale, which have been operating for more than 

twelve months.” 

The detailed requirements of the recommendation are set out in the s 16(e) advice as follows: 

“In assessing waste to energy proposals, the EPA will seek for proponents to 

demonstrate that: 

• The technology for each component in the proposed configuration of the plant 

has operated reliably elsewhere; 

• The combination of technologies for the components can operate well within 

emissions standards equal to the European Union’s Waste Incineration Directive 

(WID); 

• The technology for each component has a successful track record in treating the 

same waste streams as those proposed; 

• If possible, the technology for each component has been operated at a similar 

scale or have a track record at a lower scale that can be reasonably upscaled; 

and 

• If possible, the configuration of components of the plant has also been previously 

demonstrated elsewhere.” 

3.  There are three particular public submissions that make a range of serious detailed claims 

about the efficacy of the technology.  These submissions have caused a high level of 

concern to the EPA, and the peer review should address the matters raised in these 

submissions.  The EMRC/Ansac draft response to these submissions will be included in this 

review to enable the peer reviewer to comment on the veracity of the three submissions 

and adequacy of the response. 

4. Review of commercial scale examples of pyrolysis technology, including capacity, type of 

feedstock processed, length of operation, compliance with the WID (if relevant).  This 

could include the Premier Coal Char plant at Collie, and up to three other commercial 

scale examples already discovered by the EMRC understood to be operating on similar 

feedstocks (wood chip) or more complicated feedstocks (such as mixed MSW).  The 

intention is to review plants that are at a similar or larger or scale to that proposed, on 

similar or more complex feedstock. 



 Hazelmere Wood Waste to Energy Plant 

EMR14101_01 R003 Rev 1.docx 9-Dec-14  3 

5. Review of commercial scale examples of components of the proposed technology, 

including capacity, type of feedstock processed, length of operation.  This could include 

operation on similar feedstocks (wood chip) or more complicated feedstocks (such as 

mixed MSW), at scale proposed or at a larger scale. 

6. Review of the proposed plant commissioning process in terms of being best practice, such 

that the process presents the lowest practically achievable risk of an adverse outcome 

from an environmental and safety viewpoint .  This component of the review should 

identify the extent of that risk in terms of potential for releasing uncontrolled 

atmospheric emissions, or of a significant fire and/or explosion. 

Independent review panel structure 

The independent peer review panel comprised: 

1. Mr Gerald Tetchner, Managing Director, Enertech Engineering Consultants Limited, 

certified Plant and Process Engineer.  Since 1983 Mr Tetchner has worked on numerous 

projects for Government bodies as a Technical Assessor and Reviewer of new renewable 

technologies when applicants apply to Government for funding such projects and 

assessing their potential environmental impact. 

2. Dr Kevin Whiting, Senior Technical Director, WSP UK Ltd, PhD Chemical Engineering.  Dr 

Whiting has more than 30 years in the field of thermal engineering and waste 

management. He is recognised worldwide as an expert in combustion, gasification and 

pyrolysis of various waste streams and biomass and detailed knowledge of the 

technologies offered by the leading suppliers of thermal treatment systems. 

3. Dr Frank Hardwick (former head of DEFRA Technology Review Team as well as managing 

the scientific division of the UK EA Team), PhD in Chemistry.  Dr Hardwick has a career 

spanning both the commercial chemical industry as well as the regulatory government 

bodies working within HMIP as well as the environmental agency as a Technical Scientific 

Manager and Team Leader. 

4. Mr Steven Wood, Principal Consultant, WSP UK Ltd.  Mr Wood specialises in the thermal 

treatment of waste and biomass feedstocks focusing on combustion, gasification and 

pyrolysis technologies. 

Detailed CVs of the four panel members are presented in Appendix 1. 

The panel members have a wide base of process, scientific and environmental knowledge from 

working both within the public sector as well as the private financial investment areas 

connected to the waste processing and operational industries. 

To support this review, discussions have taken place with colleagues and contacts working 

within university and industrial bodies. 
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Review methodology 

To maintain a robust review of the technologies and the information supplied each panel 

member has independently carried out their own review and examination of the data supplied 

and the outcomes reconciled to develop a consensus view.  Where consensus may not have 

been achieved, the differing views were required to be identified and presented in this report.  

The implications of any aspects where the review identified potential non-conformances with 

the EPA criteria for proven nature of the technology are described. 

While the full panel undertook the review of the plant design and operational capability 

aspects with respect to the proven nature of the technology, the review of the three public 

submissions was limited to Mr Tetchner and Dr Hardwick.  

To further the breadth of the scope of this review relating to panel member experience, the 

review panel has approached this work from two separate positions: 

1. Scientific process operational and regulatory stance. 

2. Commercial engineering consultancy stance. 

The panel has been provided with the process flow diagrams, mass balance details together 

with manufacturing drawings for all key components of the proposed plant, which have been 

reviewed in depth.  To maintain and respect the intellectual property of Ansac, the details of 

the drawings and diagrams have not been included in the appendices of this document in their 

entirety as the panel is aware that this document will go into the public domain.  However, 

readers of this document can be assured that all evidence asked for by the panel has been 

supplied by the technology providers. 

Summary of information provided to panel 

From EMRC (client) 

A comprehensive list of questions raised during the PER stage plus information regarding 

technical training for operational personnel to be involved with future operation of the plant. 

From Ansac 

A full and comprehensive list of process drawings, data and an energy balance has been 

supplied by the Ansac team (see transmittal data list attached within Appendix 2). 

2. Review of conformance with EPA advice 

The s 16(e) EPA advice sets out five criteria to be addressed, as listed below. 

1. The technology for each component in the proposed configuration of the plant has 

operated reliably elsewhere.  This is addressed in the discussion in Sections 3 and 4. 
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2. The combination of technologies for the components can operate well within emissions 

standards equal to the European Union’s Waste Incineration Directive (WID
1

).  This is 

addressed in Section 5. 

3. The technology for each component has a successful track record in treating the same 

waste streams as those proposed. This is addressed in Section 6. 

4. If possible, the technology for each component has been operated at a similar scale or has 

a track record at a lower scale that can be reasonably upscaled. This is addressed in 

Section 7. 

5. If possible, the configuration of components of the plant has also been previously 

demonstrated elsewhere. This is addressed in Section 8. 

3. Technical review of plant design 

The technical review of plant design was undertaken by the full panel. 

Feedstock system and feedstock 

The fuel fed to the plant is processed and produced on the existing permitted Hazelmere 

Wood Processing Facility.  This plant processes the wood waste and uses a fixed timber 

grinder, which processes waste timber by a slow speed shredder followed by a hammer mill 

and double deck screen to separate the fines from the chip.  Feedstock should be less than 

50 mm in size when fed to the pyrolysis plant. 

Function 

The feed system is a fully automatic transfer process, which incorporates a drying stage to 

reduce the moisture of the feedstock.  The functions of this vessel are to act as a metering bin 

and plug for the Kiln as well as reduce the moisture in the wood feedstock. 

                                                           

1

 WID was incorporated into the Industrial Emissions Directive (IED) which brought together seven individual Directives in 2013. 

However the requirements relevant to air emissions (i.e. emissions limits and minimum residence time and temperature) are 

unchanged.. 
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Description 

The front-end automatic feed system is designed to transfer 3.1 tonnes of fuel into the 

Pyrolysis Kiln and has a storage and backup system for up to 8 hours of operation. This storage 

and hopper system has their levels maintained by a front-end loader.  A conveyor transfers 

feedstock to another bin where it is conveyed by screw system and bucket elevator into a pre-

dryer vessel.  To maintain the heat levels at 250°C within the pre-dryer, exhaust gasses are 

diverted to dry the feedstock from the Kiln Gas Burner using some of its exhaust heat.  To 

prevent air ingress and transfer of heat back into the feed system, isolation valves are fitted 

along with nitrogen purge points.  Feedstock is transferred to the kiln via a screw conveyor 

Observations 

The feed system incorporates a variety of conventional materials handling equipment.  

Biomass is a heterogeneous material in terms of particle size and shape, and there are several 

areas that will require attention to avoid blockages caused by oversize material and bridging, 

water ingress, etc.  The double deck screen should assist in ensuring the majority of the 

feedstock fed to the process is within the required size specification. To reduce potential 

downtime, the front end feed auger screw has a reversing mechanism to remove blockages. 

It is essential that a plug be maintained between the Kiln and the feedstock to stop any ingress 

of gasses into the kiln.  To further support this, plug isolation valves are included in the system.  

This would minimise the ingress of oxygen provided the nitrogen purge system is part of 

normal operational procedures and should be taken into account for normal operating mode.  

The design review concluded that the system potentially allows adequate isolation, provided 

nitrogen purging is included as normal operation.  

This type of technology package is mature and has been used on numerous biomass projects in 

the past, and should ensure that the system is sufficiently protected against oxygen ingress. 

The plant design feedstock specification includes values for some elements that are not 

commensurate with panel member experience for clean waste wood.  The specified chlorine 

content of <0.01% appears to be low where as waste woods typically are normally in the range 

of 0.01–0.05%. The specified sulphur content of 0.01% is low for waste wood, which is 

normally in the range of 0.01–0.1%.  This may require redesign of the gas cleanup system if the 

chlorine and/or sulphur contents of the feedstock are higher than the design parameters, 

depending on the extent to which this might compromise achievement of air quality emission 

requirements. 
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The proposed Ansac feed system design uses individual components that are widely used in 

biomass handling systems.  Most feed systems for plants of this type are bespoke, so there is 

unlikely to be a reference plant using the exact same configuration as planned for the 

Hazelmere plant.  Most thermal biomass plants use an automated biomass handling system, 

and although this can often be a source of problems, the technology is well understood and 

deployed on a wide range of biomass combustion, gasification and pyrolysis plants.  It is 

essential that alarms are fitted to ensure oxygen is not allowed to enter the Pyrolysis Kiln. 

Kiln pyrolysis unit 

The Rotary Kiln Pyrolysis Unit is the heart of the system.  The system to be used on this project 

is of the Indirect Fired – Heated type and is used for converting materials into syngas and the 

secondary by-product produced is a solid char/ash discharge.  This type of plant has and is 

used around the world and further evidence can be found in Appendix 3. 

Function 

The Indirect Fired Horizontal Rotary Kiln Unit to be used on this project is the primary part of 

the system and process and converts waste wood feedstock into a crude syngas and a solid 

char and ash fraction. 

Description 

The Indirect Fired Horizontal Rotary Kiln Unit has the kiln tube supported at either end on 

support bearings.  The feed end entry are hollow to allow the variable speed screw feed to 

access the centre of the tube and discharge the fuel inside.  There is a torispherical shaped end 

head at the discharge end, with holes to allow the gas and char to be discharged, together with 

a boss attached to the torispherical head for connection to a rotational drive system. 

The Kiln tube is totally enclosed within an insulated housing, which has dual fuel low NOx 

burners fitted on one side.  These burners can operate on either natural gas or syngas.  The 

function of these burners is to heat the zone between the Kiln and the insulation casing and to 

maintain the designed temperature within the Kiln tube.  The material within the Kiln tube is 

assisted in its travel from the feed end to the discharge end in the high temperature oxygen 

free zone by the tube being slightly inclined and by lifters, which cascade the material along 

the tube.  The rotary motion of the kiln creates a tumbling effect designed to allow effective 

and even heat transfer. 

Fixed carbon (char) and ash is expected to take about 25 minutes to reach the end of the kiln, 

syngas exists in about 13 seconds.  Syngas and char exit into a discharge chamber via a series 

of holes in the torispherical end section of the kiln.  This section of the kiln has been 

specifically designed for this project, and must be well sealed. 
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Observations 

In the last 44 years, Indirect Fired Rotary Kiln Pyrolysis Systems have advanced significantly, 

and there are many references around the world where both Batch Systems and Continuous 

Systems are used.  This has led to further refinement of the process by using Indirect Fired 

Kilns to produce a Syngas from multiple different waste streams including wood wastes.  

Therefore, the proposed Hazelmere Plant has multiple references in such places as UK, Japan, 

France, Russia, Germany, USA, Italy, Canada and China.  To support this, refer to Appendix 3, 

which presents a tabulated list of Indirect Fired Kilns being used for pyrolysis situated in 

various countries, and have been selected as examples of plants using waste streams as a 

feeder fuel. 

The design to be used at Hazelmere is of a similar size (slightly larger), but a modified and 

improved version of the plant Ansac designed and supplied to Wesfarmers Premier Coal Plant 

where coal was used as the primary feed fuel to produce a refined fuel briquette as well as a 

syngas, which was used to heat a secondary process. 

The kiln design has evolved from versions deployed at Wesfarmers Premier Coal (coal 

feedstock) and Bunbury (various feedstocks including biomass), and some elements do not 

appear to have been fully tested.  The tested units are of similar design to the kiln planned for 

Hazelmere, but are not identical and differ in scale (both units are smaller). 

A number of project developers intended to use produced syngas in the burners to heat the 

pyrolysis reactor, but found the variability of the syngas CV to cause combustion instability and 

non-uniform kiln heating.  As a result, they switched to natural gas and diverted all the syngas 

produced to electricity production.  While Ansac have stated that they have previous 

successful experience of using syngas in burners, the syngas composition will differ somewhat 

for the Hazelmere plant. 

There have been a number of rotary kilns used successfully at a commercial scale for pyrolysis 

of wood and waste feedstocks.  While a number of these have experienced major technical 

issues, and are no longer in operation, they did demonstrate that the rotary kiln part of the 

process could be made to work. 

Syngas reformer 

Use of syngas in gas engines requires the gas to be cleaned to remove impurities to the quality 

required by the gas engine manufacturer. 



 Hazelmere Wood Waste to Energy Plant 

EMR14101_01 R003 Rev 1.docx 9-Dec-14  9 

Function 

Syngas from the Pyrolysis Kiln will contain high levels of tars and these must either be removed 

or converted (cracked) to lower molecular weight compounds.  Ansac proposes a tar 

conversion process.  The Syngas Reformer is required to ensure that the gas formed in the Kiln 

is partially cleaned prior to entering the Chemical Scrubbing Tower.  The essential function is 

the removal of tarry material that could foul the Chemical Scrubber and impair its function.  

The Chemical Scrubber will remove soluble impurities such as hydrogen chloride and 

ammonia.  In this case, it is anticipated that the major soluble impurity will be ammonia.  Tarry 

materials will coat the packing in the Scrubber and cause the efficiency to fall resulting in 

impurities potentially passing to the gas storage and possibly to the engines.  Initial indications 

are that the gas from the Kiln will contain moderate levels of tars, which need to be removed. 

Description 

The reformer design involves gas and char from the Kiln passing together into a vessel 

immediately beneath the end of the Kiln.  The char will be allowed to form a bed through 

which the gas must pass in order to proceed to the Scrubber.  A small amount of oxygen is to 

be added above the char bed such that oxidation of some of the gas raises the temperature of 

both char and gas.  It is anticipated that this extra heat and the presence of the char will cause 

the tars present to be broken down to lower molecular weight species in an endothermic 

catalytic reaction.  The endothermic nature of the reactions reduces the temperature in the 

reformer, and continues to reduce the temperature of the syngas downstream of the unit.   

The cleaned gas is removed from the char and the excess char is extracted by a screw conveyor 

to a quench bath.  The char in this reformer is under level control to ensure a uniform bed 

depth.  The oxygen inlet will move back and forth as a rake to ensure a level surface.  Once the 

vessel is full, additional char from other sources will not be needed to maintain level. 

Observations 

The reformer will be a bespoke unit, specifically designed to match the biomass input material 

(type and size) and the specific pyrolysis process.  Small-scale experiments indicate that this 

process has a beneficial effect on gas quality.  It is not clear as to precisely how this process will 

work.  There are three possible modes of action: 

1. Catalytic: that is the char is facilitating the cracking process, but is not being consumed. 

2. Reactive: that is the char is taking part directly in a chemical process. 

3. Physical: that is the char is simply acting as a filter medium on which the tars are 

depositing. 
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The small scale of the experiments does not allow the exact mode of action to be determined.  

If the char is acting in a truly catalytic way, then some of the tar will produce additional gas, 

but the char will be unaffected.  If the process is reactive then the char will produce a small 

increase in the gas quantity.  If a physical action is involved then no additional gas will be 

produced.  It is not expected that the gas quantity will be significantly changed irrespective of 

the way the reformer is working, what matters is that gas quality is improved.   

There is little doubt that this unit should have a beneficial effect on the gas quality, but 

whether the degree of improvement is sufficient to protect the Scrubber on a full-scale plant is 

not proven.  It may be that the design of the Scrubber needs to be considered as a contingency 

against tar ingress. 

As currently conceived, the char will have some potential market as a low-grade active carbon.  

It has been mooted that an additional catalyst such as dolomite could be added to the 

reformer.  Such an addition may give a marginal improvement in gas quality but this would 

render the char unusable.  The cost of the dolomite and the disposal of the char may offset any 

gas improvement. 

For processes that send syngas to gas engines or turbines, syngas reforming can generally be 

considered proven for high-temperature, hybrid pyrolysis-gasification processes.  However, 

considerable work is required to develop the reformer proposed for the Hazelmere plant, as 

there is significant technical risk associated with the unit. 

If the system does not perform as expected, there is a high risk that tars will accumulate in 

pipework and on surfaces leading to fouling and impaired performance.  The plant will need to 

shut down for cleaning to prevent excessive damage to the engines and to prevent emissions 

from the exhaust gases.  It is; therefore, of critical importance that the reformer and syngas 

treatment system combined are able to reduce tars to a very low level. 

Syngas treatment 

Any syngas produced from an Indirect Fired Kiln needs to be cleaned and conditioned.  From 

the viewpoint of gas engine performance, it is particularly important to control dust and tars.  

Tars are higher molecular weight hydrocarbons that comprise both aliphatic and aromatic 

structures.  They are gaseous at high temperatures, but condense into the liquid phase at 

lower temperatures and precipitate on pipework and engine surfaces causing fouling, 

deterioration in performance, resulting in high levels of maintenance.  This can also affect 

emissions from the engine exhaust, compromising the ability to meet air emission limits. 

Function 

The primary functions of the gas cleanup kit are to remove the following from the gasses: 

1. Any remaining tars within the gas as these can condense out and build up deposits within 

pipework. 
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2. Wash out acid gasses to avoid corrosion, which would affect emission limits. 

3. Heavy and alkali metals must also be removed as well as ash and char particulates, which 

can all cause damage through corrosion and erosion. 

4. Dioxins and furans, if formed, must be removed. 

5. The gas must be dried and cooled prior to going to the engines. 

Description 

The cracked reformed gas will leave the Reformer and enter the packed Chemical Scrubbing 

Tower (packed tower scrubber) where the following functions are to be carried out: 

• final removal of remaining tars, particulate and acid gasses 

• removal of heavy metals and alkali compounds 

• cooling of gasses. 

This type of Chemical Scrubbing Tower is standard within the chemical industry and consists of 

a combination of packing materials and liquid sprays.  The gasses travel up through the 

Chemical Scrubbing Tower and packing materials while the liquid spray flows in the other 

direction, i.e. counter currently to the syngas, and so stripping out the particulates and tars.  

Chemical dosing is also injected into the liquid sprays to control and dilute acid gasses.  

Prior to the conditioned syngas being used, it is dried and cooled through a dehumidifier 

package so removing excess moisture. 

Observations 

It is unusual for a single Chemical Scrubbing Tower to be used on a plant of this type as 

observation of other plants indicates that the packing materials can be blinded with build-up of 

tars. 

The overall efficiency for particulate removal assumed for the single Chemical Scrubbing Tower 

of 99% is considered by the panel to be high (typical range is 50–95%).  Most Chemical 

Scrubbing Tower suppliers will only guarantee 70–80% efficiency, as they are normally 

concerned that the packing material matrix can become clogged.  

The panel considers that the proposed syngas cleaning system of a single Chemical Scrubbing 

Tower is likely to be inadequate and that additional components may be required to ensure tar 

and particulate levels in the syngas are sufficiently low for successful use in gas engines.  
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The waste wood feedstock is expected to contain very low levels of sulphur and chlorine, so 

acid gas formation should be low and can be effectively removed by a wet scrubber (which can 

also remove any ammonia produced).  Alkali metals (sodium and potassium) in waste wood 

form salts and other alkali compounds and must be removed to avoid damage to downstream 

components.  Packed tower scrubbers as proposed are effective at removing these 

compounds. 

If the feedstock contains higher sulphur and chlorine content than the design range, the 

formation of dioxin could become an issue, and the feedstock standards may need to be 

revisited. 

Details of the cooling and dehumidifying units were not provided to the panel; however, the 

technology is well established. 

The Chemical Scrubbing Towers will produce an effluent, which is a mixture of oily waters and 

residue and will require treatment in the Waste Water Treatment Plant prior to any offsite 

removal.  It is normal practice that pollutants produced from the waste water streams coming 

out of the Chemical Scrubbing Towers are cleaned up on site.  Such cleaning will ensure the 

effluents do not create a major environmental risk as this type of technology is extremely well 

established and used widely. 

SACTO thermal oxidizer and flare stack 

SACTO (Staged Air Cyclonic Thermal Oxidizer).  Thermal oxidation has proved to be an effective 

and safe method of combusting syngas to meet WID Standards.  Combined with a Flare Stack, 

which further controls the dissipation of exhausts. 

Function 

The primary function of the SACTO is to control and combust the syngas at a minimum 

temperature of 850°C and with a residence time within the chamber of at least 2 seconds.  This 

process should ensure that any syngas produced by the plant that cannot be used in the gas 

engines, will be fully combusted in compliance with WID standards. 

This type of equipment is well established and recognised and is a safety device to 

guarantee that no syngas whether conditioned or not can leave the plant other than via its 

high temperature chamber.   

The retention time stated is a requirement for any waste gas to be exhausted to 

atmosphere, to ensure compliance with the WID. 

Description 

The SACTO is a horizontal chamber lined with refractory brickwork.  This chamber has a pilot 

burner of natural gas running constantly, and an air and gas mixture is introduced into the 

chamber where the gasses are destroyed at temperatures in excess of 850°C.   
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The design and structure within the SACTO allow for the syngas and combustion air to be 

mixed in a swirling action to guarantee both full combustion efficiency and retention time 

within the chamber prior to any of the exhaust going to the Flare Stack.  Within the Flare Stack, 

the temperature is controlled down to a level of 400°C, which is maintained by the 

introduction of secondary air into the flare.   

The temperature is maintained at 400°C to protect the steel work of the Flare Stack while 

maintaining an efflux level (velocity) to meet dispersion modelling requirements. 

Observations 

While Ansac has limited experience of design of this type of SACTO unit, it has a test unit on its 

Bunbury site to be used to comply with EPA requirements for their test facility.  This type of kit 

is standard, proven and is manufactured by several organisations around the world for this 

type of operation and can be computer modelled to prove that the design is correct for both 

temperature and residence time.  This would normally be a requirement prior to the plant 

HAZOP assessment being carried out. 

Waste water treatment 

A Waste Water Treatment Package for a plant of this nature should be designed to contain, 

trap and treat any liquid effluent discharges prior to offsite liquid disposal to enable meeting of 

all regulatory requirements. 

Function 

The Waste Water Treatment Plant on this site will take all liquid discharges from the Scrubbing 

Tower and other areas where liquid effluents are produced.  All effluents will first report to a 

holding tank and then be filtered and separated into the three major components: sludge; oils; 

and water.   

The sludges will be filtered out and compressed removing any liquids.  

These liquids will then be reintroduced into the loop while the sludges are further processed 

into a cake.  The oils are skimmed off the top of the filtration system and contained within 

tanks awaiting disposal.  The waters are then further filtered and processed through activated 

carbon beds and report to a holding tank for reuse wherever possible. 

Description 

This type of Waste Water Treatment Plant is a conventional and used extensively within the 

water industries to filter out and refine any discharges of a liquid nature and is required to 

meet strict discharge criteria.  All components are available from off the shelf suppliers. 

Observations 

This type of equipment is standard and can be supplied by numerous specialist organisations 

that are aware and work within the requirements of the regulatory agencies. 
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Char handling 

The production of char from a plant of this nature is normal as not all the energy within the 

fuel feedstock is converted to syngas and the process of handling and regeneration of char is 

well established. 

Function 

The primary function of the Char Handling System is to collect and cool the char once it has 

been used within the Reformer.  The Reformer is constantly being fed with char from the 

Indirect Fired Rotary Kiln where a bed level is maintained by level sensors within the Reformer 

and excess discharged. 

Description 

Once char has been discharged from the reforming vessel, it enters a cooled screw conveying 

system prior to a metering valve, which ejects the char onto a cooled conveying system where 

it is transferred via a secondary metering valve into an enclosed container for offsite 

regeneration or disposal. 

Observations 

Ansac has considerable experience and knowledge of the handling and regeneration of char as 

its equipment is used extensively in the Gold Refining Industries.  In other parts of the world, 

chars from biomass have been used to help regenerate land; however, this material has not 

been extensively examined by an independent laboratory and secondary uses for this material 

cannot be assumed at this time. 

Spark ignition engines 

These types of gas engines are used extensively around the world on several different types of 

gasses, which include landfill gas, biogas and syngas. 

Function 

The function of the Spark Ignition Engine is to use the conditioned syngas to generate 

electricity.  Exhaust emissions must meet the relevant Emission Standards for this type of 

stationary plant. 

Description 

The Perkins 4000 Series Engines selected for this plant have a history of running on different 

types of syngas around the world and have been developed by Perkins for this function who 

will give a Performance Guarantee for their Engine Package. 

Each of the Engine Packages supplied to this site are enclosed in acoustic containers with their 

own cooling support system connected to them. 
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Syngas first passes through the Conditioning Plant and then to a small Gas Holder, which has 

the function of stabilising the gas pressures to the Gas Booster Systems of the engines. 

Observations 

This type of Engine Package is well established and understood and has a proven track record 

over a number of years.  As long as the gas quality to the engines is maintained within the 

manufacturer’s specified limits, these engines should work and give the required operational 

planned hours. 

Controls, auxiliaries and utilities 

Function 

Controls: Although the site is manned, the control philosophy is such that the plant will 

operate in an automatic function with operating staff observing and being able to overrule the 

Controls if required.  The Controls are designed and set up in such a way that if there is an 

alarm situation sensed by the controlling systems and computers, they will automatically go to 

“safe mode”, i.e. shut the plant down in a controlled manner.  These control functions can be 

observed from a distance via a computer link so at all times the plant can be observed by 

offsite personnel. 

Auxiliaries: All Auxiliary plant such as Finfan Coolers to support the secondary cooling 

requirements of the site are again “off the shelf” equipment and should be supplied by third 

parties with a record of accomplishment of supplying this type of plant.  This is again the same 

for Compressors, Oxygen Generators and Nitrogen Storage and Handling Equipment. 

Utilities: All incoming Utilities are connected to the site by the statutory bodies, i.e. water, gas, 

sewage and electricity and the site must meet the statutory requirements to be connected to 

these services.  As this site generates electricity, all equipment must meet the Safety Standards 

laid down by the relevant regulator. 

Description 

As described under Function. 

Observations 

During the HAZOP and General Commissioning Procedures, each Utility will be involved with 

the site and carry out their own independent test requirements prior to the site being 

connected to their systems. 
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4. Technology for each component operated reliably 

elsewhere 

This issue was reviewed by Mr Tetchner and Dr Hardwick. 

In the last 44 years, pyrolysis system designs and capabilities have advanced significantly and 

there are many references around the world where both batch systems and continuous 

systems are used.  This has led to further refinement of the process by using indirect fired 

rotary kilns to produce a Syngas from multiple different waste streams including wood wastes; 

therefore, the proposed Hazelmere Plant has multiple references around the world to refer to 

in such places as Japan, Russia, Germany, USA, Canada and China.  

To support this refer to Appendix 3 where a tabulated list of Indirect Fired Kilns being used for 

Pyrolysis are situated around the world and have been selected as examples of plants using 

Waste Streams as a Feeder Fuel. 

To give examples and to support this information, three major organisations have been 

highlighted.  These are Mitsubishi Heavy Industries Japan who have built and are involved with 

the maintenance and operation of six Kilns since 2007, these being fed on a variety of 

feedstocks such as wood chip and sewage sludge as primary feedstocks, with their syngas 

being used in boiler plant to generate steam to be used in electrical generation.   

Tech Trade GmbH, Germany has been involved in the manufacture and operation of two Kilns 

since 2001 where the gasses produced from MSW, RDF and Sewage Feedstocks are used to 

supplement the energy requirement of a Power Station Boiler Plant.  These Kilns were 

upgraded in 2006 by the power plant owners RWE.  Tech Trade has licensed its designs of 

Rotary Kilns around the world to be built by other organisations including Mitsubishi Heavy 

Industries. 

A third organisation using Pyrolysis to process multiple wastes including MSW, RDF and C&I 

materials is Green Light Energy Solutions Corp. of California, USA who built a full scale pilot 

plant at the start of 2011 in the Moscow Region of Russia.  After nine months operation and 

ownership, they transferred ownership of the plant to the Local Authority in Moscow.  This 

plant produces a syngas, which is conditioned for firing in a boiler and powering engines in co-

generation system.  While this is Pyrolysis, this plant does not use a rotating Kiln tube but 

externally heated retort with a cooled screw conveying system to transport the feedstock 

along the retort to produce the syngas. 

Overall, the technology for each component has operated reliably elsewhere at a variety of 

scales, albeit not in the same combination. 
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5. Operation within WID emission standards 

This issue was reviewed by Mr Tetchner and Dr Hardwick. 

Under certain circumstances, compliance with WID would be required for a plant of this type 

to operate as its feedstock is classed as a waste material.   However, as it is an Advanced 

Conversion Technology (ACT) and conditions the pyrolysis syngas prior to use, the syngas is 

classed under the Lahti (December 2008) European Legal Judgment that gasses produced from 

a Pyrolysis Process, once conditioned become a Product Gas and are no longer classed as a 

waste.  This judgment means that the gas, once conditioned can be used to power the engines 

and WID emissions standards no longer apply.  Under the provisions of the WID, the engines 

still have to comply with the emissions standards of Statutory Stationary Power Generation. 

6. Reference to use of similar waste streams/feedstocks 

This issue was reviewed by Mr Tetchner and Dr Hardwick, with input from Dr Whiting and 

Mr Wood. 

Over the years, multiple different feedstocks have been used in the Pyrolysis process but wood 

and biomass wastes have tended to be used to produce a liquid fuel/bio-oil.  The Hazelmere 

Plant is unique in that it is using a pre-processed and sized product from the Wood Processing 

Plant as feedstock to the Indirect Fired Rotary Pyrolysis Kiln.  This feedstock has advantages 

over fuels derived from mixed wastes, as it should be relatively homogenous when fed into the 

Kiln System, which means the syngas produced should be more stable and consistent when 

leaving the Pyrolysis Kiln. 

This gives this plant advantages over plants being fed on Refuse Derived Fuels in that the plant 

can be fine-tuned to obtain the designed end results.  However, wood produces considerable 

amounts of tar as can be witnessed from Gasification Plants running on similar feedstock.  

Therefore, it is essential that the Conditioning System for the gas is very robust. 

Feedstock front-end system 

It is essential that the material is prepared as the fuel for the Kiln Pyrolysis Unit is prepared to 

a consistent size and moisture level, as what is fed into the Kiln will control what comes out.  

The Hopper Loading System has two storage points (one prior to the elevator and one in the 

form of the Pre Dryer), which will guarantee a consistent supply of material to the Pre Dryer 

where it is essential that a plug is maintained to stop any potential leakage of syngas or ingress 

of oxygen. 
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Kiln pyrolysis unit 

This Kiln is a similar unit to the one designed and manufactured by Ansac for Wesfarmers 

Premier Coal in size, designed for a throughput of 6000 kg/hr of coal.  Larger units with higher 

throughputs are operational elsewhere, so the Pyrolysis Process is well proven and 

documented (see Appendix 3). 

Syngas reformer 

This unit is required to ensure that the gas formed in the Kiln is partially cleaned prior to 

entering the Chemical Scrubbing Tower.  There is little doubt that this unit should have a 

beneficial effect on the gas quality, but whether the degree of improvement is sufficient to 

protect the scrubber on a full-scale plant is not proven.  Therefore, it would be prudent that 

the approach to gas cleanup be reappraised. 

Syngas treatment 

Syngas treatment and conditioning has been required to improve dramatically as more uses 

for syngas have been developed.  However, the panel does not consider the proposed system 

to be fully proven with respect to use of similar waste streams.  The panel also had 

reservations related to the lack of a particulate removal stage, and the design may need 

additional stages (e.g. quenching, alternative tar removal facility) to be effective. 

Chemical Scrubbing Towers are a well-proven and documented technology. 

Other plant elements  

The Engines and Auxiliary Plant to be used on this site are well proven and widely used 

technologies and; therefore, are mature in their use elsewhere in other or similar types of 

plant with their operating parameters being well understood. 

7. Operation at similar scale and configuration 

This issue was reviewed by Mr Tetchner and Dr Hardwick, with input from Dr Whiting and 

Mr Wood. 

Appendix 3 presents a list of ten international commercial operational pyrolysis plants that 

have been in operation for longer than 12 months.  While this list does not include any plants 

that directly mimic the proposed Hazelmere plant, this list indicates that the pyrolysis process 

is in relatively wide use internationally, at a variety of scales, and with a variety of feedstocks 

and energy conversion systems.  
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At 3.1 tonnes per hour, the proposed plant is at the lower end for plants of this type as it is 

quite normal for such plants to operate in the 4–6 tonnes per hour or higher range.  The feed 

system and general plant layout is very similar to other plants, although in some areas 

components are very close together when space is available to increase distances between 

primary plant.  This would increase some costs but improve maintenance accessibility.  

Experience with Biomass Gasifying Plants has highlighted that access for maintenance must be 

taken into consideration in the initial plant layout design and in maintenance planning. 

8. Review of commercial scale examples of pyrolysis 

technology 

This issue was reviewed by Mr Tetchner and Dr Hardwick, with input from Dr Whiting and 

Mr Wood. 

Appendix 3 presents a list of ten international commercial scale operational pyrolysis plants 

that have been in operation for longer than 12 months, that demonstrate that the pyrolysis 

technology can be applied at commercial scales. 

Pyrolysis can be a relatively efficient technology for conversion of prepared waste fuels to 

electricity, although the actual efficiency of individual plants will vary considerably depending 

on the specific characteristics of the process including scale, choice of prime mover, feedstock 

characteristics and parasitic load. 

9. Review of proposed commissioning process 

This issue was reviewed by Mr Tetchner and Dr Hardwick. 

A Commissioning Plan has been produced by Ansac, which will be enhanced in more detail 

after a full HAZOP Assessment of the plant has been carried out and discussions have taken 

place with the relevant safety bodies and insurance organisations, as they will need to witness 

certain operations during the commissioning period. 

Standard commissioning processes would normally ensure that potential risks of releasing 

uncontrolled atmospheric emissions, or of a significant fire and/or explosion are effectively 

reduced to an acceptable level.  A key issue will be commissioning of the syngas reformer and 

treatment system, being the least proven of the system components. 

10. Response to submissions 

This issue was reviewed by Mr Tetchner and Dr Hardwick. 



 Hazelmere Wood Waste to Energy Plant 

EMR14101_01 R003 Rev 1.docx 9-Dec-14  20 

The methodology used in developing a response to the submissions of concern put to the EPA 

during the public consultation period was to develop a list of the points of concern that were 

raised.  On reading the separate submissions, it would appear that several of the points raised 

in the documentation would appear to have a commonality between the submissions and a 

possible collusion by the submitters.  In considering the submissions, questions have been 

raised and rechecked within the data supplied and against external reference information.  

Within the methodology of developing the response to the three submissions, it has been 

necessary to check and recheck statements, especially where existing reports, written in good 

faith at the time, would appear to have been misquoted and misused out of context. 

The scope of the responses has been limited to aspects of the submissions that the reviewers 

in which have either experience or direct independent knowledge such that informed 

responses could be provided on the matters raised. 

Issue 01 

Reference is made to Ansac claiming that over 25 years it has produced and exported Pyrolysis 

Technology. 

Evidential Response 

Ansac has a proven history of producing Carbon Regeneration Kilns which are indirectly fired 

with the feed being exposed to temperature in an oxygen starved environment, which is 

Pyrolysis even if the prime function of these Kilns is to produce an Activated Carbon.  If looking 

to produce a Syngas as the primary function of the Indirect Fired Kiln, Ansac has minimal 

experience. 

Issue 02 

Reference is made to a venture in 2005/2006 when Ansac won the contract from Premier Coal 

in Collie, WA, which was owned by Wesfarmers Pty.  The function of this Kiln was to do two 

things: to produce a Refined Coal Product/Charcoal; and a Syngas to be used on site. 

Evidential Response 

This plant was supplied by Ansac and had some mechanical problems with the seal between 

the Rotating Kiln Tube and the outer backend Gas System.  The Kiln was designed to be of 

similar dimensions to the project at Hazelmere.   
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Allegedly, there was a commercial fall out between a Senior Manager at Premier Coal and a 

Director at Ansac.  The crux of the fall out is understood to be that the Kiln was used above its 

original design specification, which led to claims and counter claims by both parties with 

Premier Coal bringing in a separate company to replace the original mechanical seal with a 

higher temperature sealing unit.  Since this period and in light of operational experience Ansac 

has replaced the original design with a seal suitable for operations up to 850°C with a full 

encompassing High Temperature Bellows supplied by one of two companies: an Australian 

owned and based company (Jord Bellows Pty); or a company with its manufacturing base in 

India (Fluidyne Bellows Ltd).  Both these organisations manufacture to ISO: 9001 and have 

used these Bellow manufacturers for the past two years. The Kiln Firing Tube is manufactured 

for Ansac by Boyd Metal Industries based in Perth, WA who manufacture to ISO: 9001. 

Issue 03 

Between 2010 and 2012, Ansac carried out trials on Victorian brown coal for Auschar, RDF 

waste for Thermeco and Mallee for Verve Pty.  The rig used on all three trials was the same, a 

small Indirect Fired Kiln whose primary function was to produce an activated charcoal as well 

as a syngas, which was flared during trials.  The submissions state that the trials were not 

totally successful due to tar blockages and seal problems. 

Evidential Response 

From the evidence and experience regarding test facilities, Ansac has totally redesigned the 

back end of their Gas Exit System and Conditioning Plant.  The redesigned mechanical seals 

now used for the last two years have proven to be suitable for function. 

Issue 04 

A claim has been made that the Kiln Design to be used on this project is not mechanically 

suitable for the operation of this type of plant. 

Evidential Response 

An independent assessment has been carried out on the mechanical bellows and gas seal 

design by the reviewers, and no adverse comment regarding this proposed construction has 

arisen.  However, it has not been fully tested and cannot be considered as proven. 

Issue 05 

The submission raise an issue associated with the selling by Ansac, of Kilns to be used for 

Pyrolysis rather than as Carbon Regeneration Plants, as being different processes. 
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Evidential Response 

As previously stated, both types of Kiln use a Pyrolysis Process, the main differences are in 

temperature and residence time of the material within the chamber.  This residence time is 

governed by the operational temperature, as the primary function of the Indirect Fired Kiln is 

to heat and drive off the volatile energy contained within the feed stock material.  To state 

that these two processes are completely different processes is technically ‘splitting hairs’ as 

the primary function of both processes is to produce a gas and solid material suitable for 

function.  In the case of an energy plant, the intension is to maximise syngas production and 

minimise solid material output.  The opposite is the primary function of the process in a 

regenerative process. 

Issue 06 

A statement has been made that there are no commercially operating pyrolising kilns of the 

proposed size using the proposed wood material. 

Evidential Response 

This statement is incorrect as there are several good examples around the world where 

Indirect Fired Kilns of this size and type are used. 

Issue 07 

A statement has been made that a Steam Reformer will be used to modify the Syngas. 

Evidential Response 

The process drawings actually state that a Reactive Carbon Regenerator is being used and not 

a Steam Reformer and this process is similar to ones used in the past by several major 

international organisations including ICI, Johnson Matthey and Wartsillar Engineering Group. 

Issue 08 

A submission has been made that the emission composition used for the Air Dispersion Model 

is based on assumptions relating to the performance of a Steam Reformer System.   

Evidential Response 

As a Steam Reformer System is not being used in the process and the gas is going straight from 

the Reactive Carbon Regenerator to a Washing Tower and then to Engines or to the Emergency 

Flare, the point of emissions will be the Engine Exhaust Point or the Flare Stack for the 

dispersion modelling.  Once a Pyrolysis Gas has been conditioned/cleaned, it is classed as a 

Product Gas and not a Waste Product any longer. 

Issue 09 

A submission issue is that ANERGY, the sister company to Ansac based in the UK, is currently in 

the process of liquidation due to the lack of orders for Ansac Pyrolysis Equipment. 
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Evidential Response 

In 2009, Ansac was given an Establishment Grant by the Welsh Assembly to set up a UK base 

for its pursuit and supply of cast iron rotary valves for the bulk haulage industry and to develop 

a UK/European base to further its Carbon Regeneration Kilns. For operations in the UK and 

Europe, the name of the company was changed to ANERGY and this company was to act as a 

sales base and process design centre for bulk materials and kilns.  This company is still trading 

and returned its yearly return in June 2014, but has closed its Cardiff office and centralised 

operations in London. 

Issue 10 

A submission was made that the EPA BAT documents stipulate that Baghouses WESPs are 

considered best practice for MDF such as this. 

Evidential Response 

MDF is to be excluded from the feedstock.  Although WESPs may be considered BAT for MDF, 

this is not applicable in this case. 

Issue 11 

A question has been raised in the submissions about the efficiency and safety of using a Steam 

Reformer to refine the gasses. 

Evidential Response 

The Process Flow Diagram (number: WEC02-00-21 rev.B) does not indicate a Steam Reformer 

but does have a Reformer which is a combination of using the char and gasses through a 

Filtration Bed System with oxygen excitation. This process has been used and recognised 

around the world over a number of years with such organisations as Johnson Matthey, ICI, 

Wartsilla Engineering and Centrica. These companies have used this on larger installations but 

not at this scaled down version.   

The process has been checked and is chemically viable, but the absolute efficiency of the 

process is not known and will not be known until commissioning, or prior to commissioning if a 

full-scale pre-construction trial is undertaken.  The elemental mass balance has also been 

checked and although not perfect, would not be expected to be as at this scale.  It is relying on 

a mixture of small scale trial experiments on a sound theoretical base.  If the Reformer 

material is blinded for any reason (i.e. overloaded with tars), because the process is 

continuous, the bed will continue to act as a filter, and the gasses would then pass on to the 

scrubbing tower which will further remove tars from the gas prior to going to the engines.   

The worst case scenario (as far as potential environmental impact is concerned) from the 

Syngas produced is that the gasses, if not fully conditioned by the Reformer/Washing tower, is 

that the system includes a flare which will have to meet the WID requirements of 850°C for a 

minimum of two seconds).  Therefore, no Syngas can be released from the system without 

meeting WID Requirements. 
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Issue 12 

The submissions indicate that transient process conditions will pose the greatest risk to staff 

and the environment during start up and shut down. 

Evidential Response 

Start up, when the oxygen is forced out of the Pyrolysis Tube, is a period when maximum 

control of both temperatures and feedstock is essential.  To obtain the correct operational 

environment, the Pyrolysis Tube should be at least at 650°C prior to any feedstock being 

introduced into the chamber, as the material will drive off its volatiles and could initially 

combust until there is no oxygen available within the Pyrolysis Tube.  Under these conditions, 

the wood will start to pyrolyse and form a Syngas.  As the gas in this plant is not cooled down, 

the formation of tars will be greatly reduced, which will allow the Reformer to refine the gas 

prior to going to an engine.  

Any possibility of combustion during this start up period will be controlled by nitrogen being 

introduced at either the front end of the Pyrolysis Tube where the Feed Hopper is connected, 

or on the back of the process where the gas leaves the Pyrolysis tube and goes into the 

Reformer.  This nitrogen can be introduced via the oxygen sparge pipe in the Reformer (i.e. the 

distribution rake or at the inlet auger at the front of the Pyrolysis Tube), or above the auger 

into the pre-dryer unit. 

Shut down will be controlled in a similar manner, i.e. feedstock will be run off from within the 

Pyrolysis Chamber and nitrogen purge will be used to stop any potential for uncontrolled fire 

condition. 

Issue 13 

A question was raised regarding the pre-heater Air Injection System (pre-dryer feedstock). 

Evidential Response 

The pre-dryer is receiving air from the Recuperator at a maximum temperature of 250°C, well 

below the temperature of spontaneous combustion of wood, which is 400°C.  The exhaust gas 

is further controlled to maintain the wood having a normal design temperature of 80°C.  This 

temperature is maintained at this level by a controller, which diverts the gasses away from the 

feed hopper in the event of temperature starting to rise above design criteria. 

Another submitter has raised the point regarding the manufacture of the pre-heat system 

of the feedstock.  This type of equipment is standard to any Biomass Installation and is ‘off 

the shelf’. 

Issue 14 

One the submission raises a question regarding the types of gas burners to be used and their 

changeover from Natural Gas to Conditioned Syngas. 
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Evidential Response 

The burners to be used will be similar to the ones used by other Indirect fired Kiln suppliers 

and will be changed over from Natural Gas to Syngas one at a time so as to maintain a stable 

condition within the firing chamber.  These burners are designed as dual fuel and no burner 

will need to be removed to facilitate a changeover of fuel. 

Issue 15 

A submission point has been raised regarding Char/Ash cooling using Water Sprays in a Cooling 

Screw with the possibility of generating steam and dust.   

Evidential Response 

From the process drawings, it is evident that the char goes through a cooling jacket, followed 

by a char quench where it will be submerged in quench water before being conveyed by a 

chain conveyor to the char diverter and skip bins. 

This approach will minimise dust generation from the char handling and manage the formation 

of steam from the cooling of the char. 

Issue 16 

One of the submissions makes reference to US Department of Energy Standard (DOE G413.3-

4A).  These guidance notes, according to the submission, are to assess new energy 

technologies and their readiness for commercialisation. 

Evidential Response 

These Guidance Notes originate from the US Military Assessment of New Technologies for 

Fighter Aircraft, Naval Ships, Defense Systems and other Military Equipment.  They are used by 

the Department of Energy when assessing new technologies such as a Nuclear Power Station, a 

Chemical Process and Electronic Control Distribution systems.  The submitter is partially but 

not totally correct, as this criterion is not usually used for technologies of this nature and it is 

normal for the Health & Safety Executive and the insurance industries to carry out their own 

risk analysis for technologies of this size and duty. 

Issue 17 

Another point that was raised in the submissions related to the Liquid Waste, which would be 

produced from the Gas Conditioning Spray Plant, and its route for disposal. 

Evidential Response 

From the process overview there is an area that carries out a function, which is to deal with all 

Waste Water/Liquid Discharges. The purpose of this plant is the same as that of a sewage 

works with the liquids and solids being separated; the Solids being produced into a Sludge 

Cake and the Liquids being further treated to neutralise their acidity and for the water to be 

filtered and further processed via Carbon Filter Columns to meet the required permitting 

standards for water to be discharged from site. 
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Issue 18 

A reference has been made that in the view of the submitter that the plant could possibly be 

constructed outside Australian or International Quality Control Standards. 

Evidential Response 

Ansac, along with all its sub-contractors are committed and signed up to ISO Standards, which 

includes the Welders employed by Ansac at the Bunbury Manufacturing Facility and their 

approved documentation for each participating welder has been reviewed.  The sub-

contractors such as the kiln tube manufacturer, the bellows/seal suppliers also have ISO 

approval with all proof of existing audit trails being provided, which includes the Ansac 

Bunbury Facility. 

Issue 19 

A submitter raised the point of dust being produced on the site from the Feed Bin Conveying 

System, the Kiln Bin and Loading Elevator and the Front End Pre-dryer Vessel. 

Evidential Response 

The feedstock is already being produced on site at Hazelmere and; therefore, it has been sized 

and shredded prior to entering the system to reduce sawdust from the wood.  

The Front End Loader that deposits this material into to Feed Bin will produce small amounts 

of dust, but this vessel is protected to minimise any dust release.  Once in this vessel, the 

whole system is fully enclosed including all conveying and elevator systems and all other parts 

of the feed/fuel feeding system; therefore, reducing dust to minimum levels. 

Issue 20 

A submitter has raised a possibility that the feedstock to the process will not be consistent so 

creating a less efficient plug. 

Evidential Response 

The feed system and processing of the wood waste uses a fixed timber grinder that processes 

waste timber by a slow speed shredder followed by a hammer mill and double deck screen to 

separate the fines and the chip; therefore, the feedstock will be consistently less than 50 mm 

in size. 

11. Conclusions 

With respect to the overall issue of provenness of the proposed technology to be adopted in 

the Hazelmere Wood Waste to Energy Plant, considered in terms of the EPA criteria set out in 

the s 16(e) advice to the Minister , the following conclusions were drawn by the panel: 
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6. With the exception of the Syngas Reformer and Syngas Treatment systems, the proposed 

technology components can be considered to have been proven in various international 

applications.  Specifically: 

(a) The feedstock system can be considered to be proven, although there is unlikely to 

be a reference plant using the exact same configuration as proposed for Hazelmere. 

(b)  There have been a number of rotary kilns used successfully at a commercial scale for 

pyrolysis of wood and waste feedstocks.  While a number of these plants have 

experienced technical issues, and are no longer in operation, they did demonstrate 

that the rotary kiln part of the process could be made to work.  The pyrolysis 

technology can be considered proven at similar scales for feedstock other than the 

proposed wood waste.  Some design changes are proposed by Ansac that do not 

appear to have been fully tested, indicating that the Ansac technology can be 

considered as partially proven. 

(c) The Syngas Reformer is intended to carry out the required function of enhancing the 

gas product from the kiln and increasing the recovery of energy from tar.  However 

while there are larger plants carrying out this function elsewhere, the efficiency of 

this process has not been established for units of the scale operating under the same 

temperature conditions as proposed at Hazelmere.  Considerable work is required to 

develop the reformer, as there is significant technical risk associated with the unit.  

While reformer technology can be considered proven in certain applications, the 

panel believes that further testing needs to be undertaken to prove that the catalytic 

reformer technology can be successfully employed in small-scale operations as 

proposed at Hazelmere. 

(d) The Syngas Treatment Plant is expected to refine and reduce tars, particulates and 

other pollutants, and the proposed technology can be considered as generally 

proven.  However, the efficiency of this process within the Ansac design has not been 

established and the panel has concerns about the effectiveness based on the present 

design. 

(e) The other plant elements can be considered to be proven technology, being standard 

components that are well understood, and successfully installed and operated at a 

wide range of scales, including that proposed for Hazelmere. 

7. Provided the reservations recorded with respect to the unproven nature of the Syngas 

Reformer and Syngas Treatment systems are addressed through redesign, and/or pre-

construction trialling, the proposed configuration of components could be expected to 

perform without any unacceptable level of risk regarding safety or the environment. 

8. The plant will conform to WID requirements where relevant (i.e. any syngas that has not 

been conditioned will be diverted to the SACTO for combustion to temperatures 

exceeding 850°C for two seconds minimum time). 
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9. In some areas, the plant components are very close together when space is available to 

increase distances between primary plant units, and could be increased to improve 

maintenance accessibility, as an important aspect of successful operation. 

There were no significant elements of differing opinion between the panel members. 
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I have worked on contracts with HSE, DTI, DECC, DEFRA, EA and AEAT (Energy Technical 

Support Unit, Harwell)  
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1963-1968 H.M. Royal Dockyard Technical College, Chatham 

Mechanical Engineering Parts 1 & 2 Commissioned as Engineer Officer 
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M.I. MAR.E  
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and Biogas Fuels, plus visiting and researching over 80 CHP Installations as part of 

review. 

• Involved with F.E.C. on reviewing Wood Burning Boilers. 

• Guidance notes on Centralised Anaerobic Digestion of Farm Wastes. 
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• Comparing the Environmental Impacts of Incineration to Landfill Disposal. 

• Comparing ways of removing H2S from Biogas. 

• Survey of Emissions from Gas Engines fuelled on Biogas from Sewage Works.  
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Mr C. Welsh of West Yorkshire Waste Management. 
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from the Bio-organic Fraction of M.S.W.  
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then worked with client on Operational Plant for Green Fuel Challenge 

• Have written several papers on MBT processes and fuel produced 
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Stream 

• Multiple Technical Reports on Anaerobic Digestion Plant Performance 
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Since 2002 I have led the Enertech Team in reviewing the technologies listed below: 
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• 65 Gasification Processes (150 Kg/hr - 4500 Kg/hr) 

• 14 Plasma Gasification Processes (1000 Kg/hr - 15000 Kg/hr) 

• 25 Pyrolysis Processes (150 Kg/hr – 6000 Kg/hr) 
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Sheffield University, The EA and Overseas Research Centers in Spain, Italy, Canada, USA, 

Australia and Japan in the fields of Renewable Energy Development. 
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1966-1972 Birmingham University 

1972-1974 Technical University of Hannover, Germany 

(Royal Society Post Doctoral fellow) 
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  PhD (Chemistry) 
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1985-1991  Technical Manager, AH Marks, Bradford 

1979- 1985  Chief Research Chemist, Staveley Chemicals, Chesterfield 

1974-1979  Team Leader New Products, British Steel Chemicals, Sheffield 

Relevant Information: 

The 17 years spent in industry was dedicated to the development of chemical processes which 

met the requirements of all current and relevant Health, Safety and Environmental 

regulations.  This culminated in the period spent at AH Marks in Bradford where I had sole 

responsibility for all process research and analytical chemistry.  The environmental aspects of 

the company were taken very seriously as it was closely associated with the local community. 

I left industrial employment in 1991 when I saw an opportunity to become involved in 

regulation.  I joined Her Majesty’s Inspectorate of Pollution (HMIP) at the time that Integrated 

Pollution Control (IPC) was first being introduced and was deeply involved in some of the early 

implementation issues.  In consequence, I have substantial experience in seeing through the 

difficulties of new legislation.  This involvement in regulation brought me into close contact 

with all of the organisations which are impacted by environmental legislation. 

HMIP was subsequently incorporated into the Environment Agency. 



 

 

I later became extensively involved in the implementation of Integrated Pollution Prevention 

and Control (IPPC - the EU version of IPC) and regularly found myself being invited to give talks 

and presentations to a wide variety of audiences.  I established a reputation as a speaker of 

choice for IPPC issues.  The team I managed at Rotherham became the most active in the 

Environment Agency for IPPC implementation.  The activities of this team covered the full 

range of IPPC activities from low impact to highly contentious municipal incinerators and 

included major chemical and steel works. 

Between 2004 and 2007 I managed the waste technology data centre project for the 

Environment Agency.  This project was a key part of DEFRA’s Waste Implementation 

Programme (WIP).  This has resulted in my having an extensive understanding of waste 

treatment technologies and the relevant legislation.  This activity has covered processes found 

in Europe and further afield.  I have given many presentations on this topic at conferences 

organised by a range of professional organisations.  I took early retirement from the 

Environment Agency when this project terminated. 

Since April 2007 I have been working on a part time basis with Enertech Engineering 

Consultants.  This work has concentrated on the chemical and regulatory aspects of waste 

treatment technologies. 
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1. a review of key policy and regulatory tools currently applied throughout the world;  

2. a detailed review of 15 operating state-of-the-art WtE plants, including;  

3. a comprehensive review of the health impact studies of modem waste-to-energy plants from 1997 -  
2012. This was undertake by desk research to identify as many technical papers published in this time  
period as possible and fully reviewing the content to produce a treatise of the findings and conclusions.  

The study has provided the Government of Western Australia with a complete evidence base to draw on when  
evaluating the environmental and health impacts of wtE proposals.  

Or Whiting acted as Project Director on this project and was also Lead Technical Consultant. He presented  

the findings of the review to the Board of the Department of Environmental & Conservation at their offices in  
Perth, W. Australia.  

Malaysian Resources Corporation Berhad, Malaysia  

Technical Adviser to MRCB for a PPP Bid for the first Energy-from-Waste plant in Malaysia. Activities include:  

• Producing Method Statements  

• Reviewing all technical and engineering design information and interfacing with Korean EPC Contractor  

• Reviewing all technical design information and interfacing with Danish technology supplier  

• Producing bid text and commentary  

• Interfacing with Financial Adviser on technical input to financial model  

• Project management of producing the bid document  



 

 

Ultimate Power Producers Ltd, Mauritius  

The objective of the Feasibility Study was to prepare a high-level project plan which presented technology and  
other recommendations on the optimal way forward for the project to convert residual household waste into  
useful energy, including a high-level project schedule.  

The following tasks were included:  

• A technology feasibility study, which provided a comparison and recommendations on the most feasible  
technologies to consider procuring, taking into account the needs of the project, implementability  
(including environmental and grid connection issues) and bankability;  

• An evaluation of the financial and commercial issues for the project, and recommendation of how to set  
up the project (technology provider, EPC contractor, site preparation contractor (if any), O&M  
contractor, grid connection, feedstock and power purchase agreements, financing, risk allocation,  
owner's and lender's advisors, etc);  

• WSP suggested a short list of potential technology providers for the recommended technologies and  
prepared an initial request for general and technical information, costing, company financial data and  
company experience which was sent to technology providers. The responses from these requests were  
evaluated and recommendations made on the preferred technology(ies) and potential providers;  

• Preparation of a high-level project plan presenting the key project tasks and their suggested durations  

and sequencing.  

A report was produced which took into account the responses received from technology providers and included  
a range of indicative capital costs and a range for the expected reliable power output.  

Dr Whiting acted as Project Manager on this project and was also Lead Technical Consultant. He visited  
Mauritius for meetings with the Client and elected politicians and visited the proposed site. He also met with a  
Professor from the University of Mauritius to discuss the needs for waste sampling and analysis. The Client is  
currently raising finance and when the project moves forward Or Whiting will continue in the role of Technical  
Adviser and Project Manager.  

NamPower, Windhoek, Namibia  

WSP South Africa was commissioned by NamPower and the German Bank, KfW to carry out a Feasibility  
Study of the potential thermal conversion of encroacher bush (indigenous biomass) to electricity via new build  
plants and co-firing at an existing coal-fired facility. Activities included detailed assessment of technology  
options and interfacing with technology vendors to obtain required technical and cost information to enable  
complete economic modelling.  

WSP UK provided the Technical Lead and carried out all technical work and inputs to the project. This included  
the following activities:  

• Biomass-to-Energy Conversion Technology Assessment. A detailed technical and financial  
assessment of all appropriate commercially proven technologies for converting woody biomass  
to energy.  

 •  Proposed Suitable Technology, Present Plant Layouts  

• Proposed a suitable technology for the power plant and provided typical layouts, technical  
descriptions, etc. for the plant  

 •  Provided Process Flow Diagrams, Mass & Energy Balances  

• Provided a typical process flow scheme including a rough mass and energy balance. The  
energy balance and steam cycle modelling was carried out with the proprietary software  
package, Thermoflex.  

• Ash Disposal Plan  

• Developed a commercially attractive and environmentally sustainable plan for disposal of ash  
produced by the power plant.  

• Plant Operations and Maintenance  

• Developed the underlying data for full time staff required for planned labour as well as input  



 

 

amounts for raw material consumption. These data were used to inform the O&M expense and  
financial modelling task.  

• Required Power Transmission Infrastructure  

• Assessed the adequacy of existing high voltage infrastructure required to connect the  
proposed biomass power station to the existing NamPower network; produced a preliminary  
design of required interconnection.  

• Estimated Capex and Opex costs  

• All Capex and Opex costs were developed for the power plant technology options including  
end of pipe items such as waste disposal costs in addition to electrical transmission and  
distribution infrastructure requirements.  

• Economic and Financial Analysis  

• The chosen technology options were analysed by conducting a calculation of the economic  
performance (by others). Several scenarios were investigated with the aim to study the impact  
of varying different cost drivers on the overall performance of the technology. WSP ensured  
that all technical assumptions built into the model were realistic and deliverable.  

Dr Whiting acted as Project Manager on this project and was also Lead Engineer. He visited Windhoek on  
four occasions and on the fourth visit presented the findings of the technical feasibility to the Client.  

Veolia Environmental Services and John Laing Investments (UK)  

WSP were appointed as Lenders Technical Due Diligence Advisor for the lending institutions to Veolia/JLI on  
their Edinburgh PPP project development, which employed a Mechanical Recovery Facility (MRF) and a  
conventional moving grate combustion WtE system.  

WSP carried out a thorough technical review of all documentation related to the Invitation to Submit Detailed  
Solution (ISDS) and produced a report in a format which clearly identified and graded risk areas, offered the  
Technical Adviser opinion, suggested mitigation and areas for further consideration at the next stage. The  
review included the following:  

• Overview of technical solution;  

• Review of method statements;  

• Assessment of the ability of the technical solution to meet terms of the Contract;  

• Identification and ranking of technical risks;  

• Review of the operating approach;  

• Review of the commercial approach;  

• Review of relevant contractual documents;  

• Consideration of site related issues (Site layout deslqn, utilities, etc.);  

• Technical review of subcontractor's proposals;  

• Review of planning, permitting and development risks.  

Dr Whiting acted as Project Manager on this project and was also Lead Engineer.  

  



 

 

TECHNICAL ADVISER  

Waste Recycling Group (UK) - Technical advice on the use of fluidised bed combustion technology for MSW,  
including a presentation to the Terra Firma Board.  

Bexley Council (UKi - Due diligence of a proposed Fluidised Bed Incinerator in the context of a potential long-  
term waste contract. The project included a detailed technical risk assessment, including visits to overseas  
reference sites.  

East Sussex & Brighton & Hove Councils (UK) - Evaluation of tenders for an £800 million integrated waste  
management contract (25 year PFI). This involved cross-comparison of four major tenders and  
recommendations to feed into the joint councils decision making process to select two companies to pass to the  
BAFO stage and then evaluation of those proposals to determine the successful bidder  

FEASIBILITY STUDIES  

Government of Macau SAR - in the context of diverting solid waste away from landfill and the fact that the  
Territory currently operates a relatively small waste incinerator, the Government commissioned a project to  
develop a future waste management strategy. The work as Technical Consultant in co-operation with Scott  
Wilson Hong Kong reviewed relevant technologies and developed Strategic Options for the Government of  
Macau SAR. Our extensive database of thermal technologies was used to identify credible technologies that  
could process municipal and hazardous wastes to meet the needs of Macau's 25 year forward waste  
management strategy. The capabilities of the existing incinerator were also assessed and the potential for  
extending its life and adding capacity.  

Confidential Client - Waste Treatment Technology Feasibility Study - in 2012 WSP carried out a detailed  
waste treatment technology study for a proposed major municipal waste management facility on an island  
nation. The study considered all available waste treatment options with the aim of identifying a suitable solution  
(single technology or combination of several) that complies with the aims of the client and restrictions on the  
proposed site. Technologies included combustion, gasification, pyrolysis as well as mechanical and biological  
pre-treatment.  

Following identification of appropriate solutions, a detailed review of the characteristics, performance and  
current status of each suitable technology was undertaken, and specific technology providers assessed in  
terms of their ability and suitability to meet the objectives of the project. The study considered opportunities to  
maximise energy and resource recovery, including a review of high efficiency thermal plant and opportunities to  
maximise reuse of ash via melting technologies.  

The outcome of the study was a clear technology recommendation to allow the initial design of the facility to be  
developed.  

 



 

 

DUE DILIGENCE REVIEWS AND EXPERT WITNESS ASSIGNMENTS  

Most of these projects involved visiting operating reference plants and assessing performance against design.  

Green Investment Bank (UK) - Technical due diligence of six advanced conversion technologies (strict NDA's  
in place)  

Confidential UK Client - Dr Kevin Whiting was appointed expert witness by a London law firm to provide  
technical advice and forensic engineering services to assist their client in a litigation relating to the non-  
performance of a gasification process for municipal solid waste (MSW). This work involved researching  
gasification process operation and boiler fouling mechanisms. Dr Whiting produced an Expert Report.  

Confidential US Client - Dr Kevin Whiting was appointed expert witness by a US law firm to provide technical  
advice and forensic engineering services to assist their client in a litigation relating to the non-performance of a  
gasification process for hazardous waste. This work involved researching gasification process operation and  
the behaviour at high temperature of the hazardous chemical wastes being processed.  

Confidential German Client - WSP have recently been appointed by a London-based law firm to act as Expert  
Witness by providing technical advice and forensic engineering services to assist in a litigation relating to the  
poor performance of a Mechanical Biological Treatment plant treating residual MSW in the UK. The work is on-  
going and involves reviewing documentation in detail and carrying out research into specific processes where  
problems have been encountered. Dr Kevin Whiting is leading this project.  

Confidential Dubai based Investment Company - Technical due diligence of a Japanese algae to bio-oil  
process.  

Confidential European client - Technical due diligence of the Outotec Energy Products air-staged  
gasification process.  

Confidential UK client - Technical due diligence of the Outotec Energy Products air- staged gasification  
process.  

Aleltho Capital (UK) - Technical due diligence of a UK operating biomass combustion facility in relation to  
proposed purchase.  

Resources from Waste (John Laing Investments, Shanks and Costain) - Lenders Technical Due Diligence  
Advisor for their lending institutions on the Essex PFI ISDS submission, which uses MBT (MRF + biological  
process) technology.  

A UK Waste Management company - Technical Due Diligence of a leading Energy- from-Waste combustion  
technology.  

A Confidential Hong Kong Bank- Technical Due Diligence of an MSW incinerator in China.  

Scottish Project Developer - Technology Screening Study of gasification technologies suitable for MSW/SRF  

applications.  

A US Waste Management company - Technical Due Diligence of the Compact Power pyrolysis/gasification  

process.  

  



 

 

Laing O'Rourke (UK EPC Contractor) - Appraisal and technical due diligence of the Energos and KIV close-  

coupled gasification processes for waste processing.  

AlterNRG corp, (Canada) - Technical Due Diligence of their plasma gasification process. Published as a  

Juniper Process Review Report.  

Laing O'Rourke (UK EPC Contractor) - Techno-economic assessment of the AlterNRG plasma gasification  

and Kobelco slagging gasification technologies.  

A leading New York Investment Bank - Technical due diligence and review of multiple financial models of a  

proposed plasma gasification to methanol process for MSW.  

UK Project Developer - Technical Due Diligence of the EER plasma gasification process.  

Dow Chemical (UK and China) - Technology Screening Study of plasma gasification technologies for  

chemical waste applications.  

A US Project developer - Technical Due Diligence of the Ensyn pyrolysis process for biomass applications.  

Confidential Equity Investor (UK) - Technical Due Diligence of a biomass combustion plant.  

Confidential Investor - Feasibility study for wood combustion/gasification project in the UK.  

Laing O'Rourke (UK EPC Contractor) - Appraisal and technical due diligence of the SCT MBT process  

comprising a complex MRF and biodrying process.  

Gasrec (UK company) - Technical Due Diligence of their landfill gas to LNG process. Independent report  

used by the company to raise finance.  

A German Venture capital company - Technical Due Diligence of a novel biomass gasification process.  

A Confidential Middle Eastern Bank - Conducted a due diligence review of a techno- economic appraisal on  
a large project in Malaysia that was seeking Islamic 'soft-funding'. This also involved assessment of a financial  
model and interrogation of the proponent's assumptions.  



 

 

EMPLOYMENT HISTORY  

Technology Manager - Laing O'Rourke 2009 - Oct 2010  

Responsible for technology evaluations, internal due diligence, techno-economic analysis and selection of  
waste management processes, including combustion, gasification and MBT technologies. Negotiated access to  
the Kobelco slagging gasification process from Japan for UK market applications. Also managed the interfaces  
with MBT and gasification technology suppliers and OUo Simon Ltd, a UK based process engineering services  
company. Supported the LOR bid teams on PFI proposals and managed the technical solutions.  

Technical Director - Juniper Consultancy Services 2002  

Leading 'boutique' consultancy with worldwide reputation for techno-business evaluations in the waste industry.  
Associate Consultant, invited to become a full time employee in October 2002.  

Principal Consultant - KJ Whiting & Associates 1996  

Set up, developed and managed my own independent consultancy practice providing technology assessments  
and advice in the fields of waste management. Successfully completed more than 50 consultancy projects over  
a 6 year period involving significant research into many areas of waste management.  

Lead speaker at an Environmental Presentation to 80 Korean businessmen.  

Invited by UK Government (Department of Trade & Industry) to participate in an event held on the Royal Yacht  
Britannia at Inchon, South Korea, June 1997.  

UK Government Technical Expert.  

Selected by the Department of Trade & Industry as a member of a five strong team which visited Japan and  
South Korea for a two week OSTEMS (Overseas Technical Expert Mission) mission.  

International Marketing Manager- Waste Gas Technology 1995  

A small start-up company commercialising a novel gasification technology for various waste streams.  
Formulated global marketing plan and negotiated licence agreement with a UK process contractor to exploit  
novel gasification technology in the water industry and Heads of Agreement with a major Japanese engineering  
company intent on licensing the same technology for the Japanese market.  

Business Development Manager - AMEC Process & Energy 1993  

Large UK based Engineering Contractor. Developed strategic position papers and environmental business  
diversification plan. Member of successful team which secured £100 million+ sewage sludge incinerator project  
for Thames Water plc.  

Managing Director- T-Thermal (Europe) 1990  

Negotiated transfer of process combustion business from Kaldair to T- Thermal on behalf of the US parent  
company which involved creation of the company as a corporate entity. Total responsibility for the company  
culminated in the negotiation of an order for a £1 million+ hazardous waste incineration plant from a Danish  
client and several smaller orders.  

Technical Director- Kaldair 1989  

Promoted to Kaldair Limited Board within 3 years of joining the company.  

Process Engineering Manager- Kaldair 1986  

Created process engineering function within Kaldair Limited (a BP Venture company) and absorbed  
technologies into Kaldair following the acquisition of Thurley International. Re-organised the process  
technology business to create a more positively focussed team. Managed all technical aspects of projects in  
Germany, Holland, Spain and Taiwan.  

Process Engineer- Black, Sival/s & Bryson 1981  

UK subsidiary of a US based oil & gas engineering company. Involved in design and commissioning of process  
combustion equipment. Developed process design manual for fired heaters. Resolved technical problems of  
LNG and LPG vaporisation equipment in the UK and South Korea respectively.  



 

 

CONFERENCE PARTICIPATION & LECTURESHIPS  

Representation of the UK on the Programme Council of the University of Maryland 

annual International  

Conference on Incineration & Thermal Treatment Technologies (IT3) held in the USA.  

• Served as Chairman on 'Pollutants of Concern' and 'Pyrolysis/Gasification' Sessions. 

Invited to deliver  

plenary lectures in 1997,1999,2001,2003 and 2004.  

• 'Pyrolysis & Gasification of Solid Wastes', Advanced Tutorial, 2001,2002,2003 and 

2004.  

Member of technical planning committee of the CIWM Biennial Conference on 

Incineration and Flue Gas  

Treatment.  

 •  Originally organised by The University of Sheffield  

Leeds University course - 'Incineration of Municipal Solid Waste' (Annual)  

 •  Lectured on this course since its inception 19 years ago.  

Sustainable Waste Management MSc course at the University of 

Southampton (Biennial)  

 •  Lectured on this course in 2004, 2006 and 2008.  

Currently Member of the Institution of Civil Engineers Energy Expert 

Committee for London.  

 

 



 

 

Steven Wood BEng MSc  
Principal Consultant  

WSP UK Ltd  

Career Summary  
Steven is a Principal Consultant in WSP's Waste and Resource Management team. Experienced and  
adaptable, he specialises in the thermal treatment of waste and biomass feedstocks focusing on combustion,  
gasification and pyrolysis technologies. He has expertise in energy recovery techniques including combined  
heat and power (CHP) and district heating, and supports clients to maximise energy recovery from the available  
resource. He also has a thorough understanding of mechanical and biological treatment systems and anaerobic  
digestion facilities.  

Steven advises a wide range of clients including project developers, financial institutions, waste management  
companies, industry and property organisations and central and local government. He acts as technical advisor  
to developers and potential funders of waste and biomass facilities, and has recently carried out a number of  
technical due diligence reviews of proposed biomass and waste gasification plants in the UK. He has provided  
input to numerous UK waste PFI projects which incorporate energy from waste as the key treatment  
technology, in some cases as a technical advisor to the authority and in others by supporting bidders with their  
submissions.  

He is particularly skilled at considering both the technical and economic aspects of projects and has carried out  
due diligence reviews, operational monitoring studies, options appraisals, feasibility studies and conceptual  
design in relation to thermal waste and biomass treatment plants.  

Professional Qualifications  

Education and Training  

MSc Renewable Energy Systems Technology (with Distinction) - 2007  

BEng Mechanical Engineering (2:1 Hons) - 2003  

  



 

 

Selected Relevant Experience  

Project Experience  

Technical Advisor to Potential Investor in a Major Biomass CHP Plant - Confidential Client  

WSP are providing technical advice to a potential investor in a major biomass combined heat and power plant.  
The plant will use gasification to produce power and heat from waste wood sources. Steven is project manager  
and technical advisor, undertaking a detailed technical due diligence review of the technology, feedstock and  
the EPC and O&M contractor's proposals. In addition to the technical review, WSP are also providing a  
comprehensive review of all key contracts.  

Review of Advanced Gasification Technology - Confidential Client  

WSP undertook a detailed review of a novel gasification process for energy recovery from waste, which included 
proprietary oil scrubbing technology for syngas clean-up prior to sending to gas engines. Steven was lead 
consultant for the work.  

Biomass Power Feasibility Study - NamPower  

WSP supported NamPower (the Namibian state energy supplier) to investigate the potential to use encroacher  
bush, an invasive tree In Namibia, as a feedstock for power generation. Steven carried out a detailed technical  
appraisal of appropriate biomass power generation technologies and helped develop comprehensive capital  
and operational cost estimates.  

EfW Technical Due Diligence - Confidential Client  

WSP provided technical due diligence support to a European project developer considering taking on an EfW  
project in the UK. Steven was project manager and key client contact, as well as a key part of the team  
identifying technical and commercial risks associated with the thermal treatment and mechanical sorting plant.  



 

 

Waste Treatment Technology Study - Confidential Client  

In 2012 WSP carried out a detailed waste treatment technology study for a proposed major 
municipal waste  management facility on an island nation. Steven was project manager for the 
study and technical consultant for  the study. The study considered all available waste 
treatment options with the aim of identifying a suitable solution (single technology or 
combination of several) that complies with the aims of the client and restrictions on the 
proposed site. Technologies included:  

• Thermal Treatment  

• Combustion (mass burn and fluidised bed)  

• Gasification (steam cycle, gas engines and slagging systems)  

• Plasma gasification  

• Pyrolysis  

• Mechanical and Biological Treatment  

Following identification of appropriate solutions, a detailed review of the characteristics, 
performance and  current status of each suitable technology was undertaken, and 
specific technology providers assessed in terms of their ability and suitability to meet the 
objectives of the project.  

The study considered opportunities to maximise energy and resource recovery, including a 
review of high efficiency thermal plant and opportunities to maximise reuse of ash via 
melting technologies. The outcome of the study was a clear technology recommendation to 
allow the initial desiqn of the facility to be developed.  

Investigation into the Performance (Environmental & Health) of Waste to 

Energy Technologies  

Internationally - Government of Western Australia  

WSP carried out a comprehensive worldwide review of regulation and performance of waste 
to energy technologies. The study involved a review of key policy and regulatory tools 
currently applied throughout the world, and a detailed review of existing state-of-the-art 
waste to energy plants. The study provides the Government of Western Australia with a 
complete evidence base to draw on when evaluating the environmental and health impacts 
of waste to energy proposals. Steven was part of the delivery team for this major review.  

  



 

 

Evaluation and Comparison of WtE Technologies - Government of Western Australia  

The Department of Environment and Conservation at the Government of Western Australia 
required advice on the various waste technologies that should be considered during the 
development of their on-going waste strategy for the state. This review provided DEC with 
detailed information on thermal Waste to Energy (WtE) technologies, including combustion, 
gasification and pyrolysis processes. The study incorporated a description of the various 
technology types and considers all aspects of WtE including technical performance, maturity, 
economics, risks and benefits etc. Steven was lead consultant on the project.  

Northern Ireland Poultry Litter - Strategic Investment Board (Northern Ireland)  

WSP carried out a review of the potential for gasification and hydrothermal carbonisation 
processes to be applied to the treatment of poultry litter in Northern Ireland. The project 
involved the provision of technical and performance assumptions, as well as CAPEX and 
OPEX estimates to inform SIB's financial modelling. Steven acted as project manager and 
lead consultant on this project.  

SIT A Kirklees Operational Monitoring - Dexia Credit Local  

In 2013 WSP were appointed to carry out comprehensive annual operational monitoring 
reviews of SIT A's waste contract for the treatment of municipal waste arisings from Kirklees 
Metropolitan Borough Council, on behalf of the project funders Dexia. The scope of work 
includes a detailed annual audit of the performance of the existing assets, focussing on the 
technical and commercial performance against the contractual base case. Steven has carried 
out a full technical review of all facilities within the scope of the contract. The assets reviewed 
include an EfW plant and a MRF, as well as transfer loading stations and a number of 
household waste recycling centres.  

Lenders Technical Advisor - Veolia Environmental Services/John Laing Investments  

WSP delivered a full due diligence review of the proposed technology solution for a major UK 
Public Private Partnership (PPP) residual waste treatment infrastructure project. Steven acted 
as project manager and a key member of the delivery team for the thermal and mechanical 
waste treatment elements. Our technical review of all documentation related to the Invitation to 
Submit Detailed Solution (ISDS) was provided in a format which clearly identified and graded 
risk areas, offered the Technical Adviser opinion, suggested mitigation and areas for further 
consideration at the next stage.  

Kelda Water - Development of Heat Offtake from Potential AD Plant  

WSP has supported Kelda to develop a heat export solution for their proposed food and green 
waste AD plant in Cardiff since late 2012. An opportunity for heat to be recovered from the 
CHP engine and sent to an external organisation for process use has been identified, 
improving the economic and environmental performance of the project.  

WSP have helped to develop the opportunity from initial scoping and options appraisal 
through to full conceptual design and preliminary equipment specification. Steven was 
project manager and lead technical consultant on the project.  

Waste PFI Technical Adviser - Local Authorities and Waste Management Companies  

In previous employment Steven advised numerous Local Authorities and Public Partnerships 
in relation to waste Project Finance Initiative (PFI) projects, including cost estimation, 
technology appraisals and evaluation of bid submissions from PQQ to CFT stage, focussing 
particularly on the detailed evaluation of thermal waste treatment solutions.  



 

 

He has also supported and advised bidders on several major waste procurement projects in 
relation to thermal treatment and consideration of CHP in particular.  
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Reference List of Operational Pyrolysis Plants around the World 

Company Project 

Location 

Date 

constructed 

No of 

Kilns 

Type of 

Process 

Op. 

Temp 

 (
0
C) 

Feed  

Material 

 

Feed Rate  Energy 

conversion 

Outputs Status Extra Inf. 

Greenlight 

Energy 

Solutions 

CA USA 

Moscow 

Russia 

2011 1 Pyrolysis 750
0
C MSW 

RDF 

11 tph Piston Gas 

Engine Co-

generation 

5-7 Mwe Operating, 

building 2
nd

 

plant  

New 

order 

placed in 

East 

Russia 

TECH TRADE 

Gmbh 

Germany 

Hamm 

Germany 

2001 2 Pyrolysis 500-

650
0
C 

MSW 

RDF 

Sewage 

Sludge 

100,000 

tpa 

Power 

Station 

Boiler 

Support 

Gas 

Upgraded 

2006 by 

RWE 

Design 

licensed 

in Japan 

Mitsubishi 

Heavy 

Industries 

Japan 

Japan 2007-2014 6 Pyrolysis 450-

800
0
C 

Wood 

Chip, 

Sewage & 

Sludges 

95-100 

tpd 

Boilers & 

Steam 

Turbines 

 All plants 

running 

Design  

through 

co-

operation 

& 

licensing 

between 

Germany 

& Japan 

NEAT 

Technology 

Group Ltd. 

UK 

Avonmouth, 

England 

June 2013 16 Pyrolysis & 

Gasification 

950
0
C 

1250
0
C 

RDF/SRF 144 tpd 

(120 ktpa) 

Steam 

Plant & I.C. 

Engines 

13 Mwe 1st phase 

operational 

(6Mwe) 

2nd phase 

comm. 

Process 

kilns 1 tpd 

each 

ENCORE Ltd 

Canada 

USA 2012 3 Pyrolysis  Wood 

Chip/Tyres 

6.25 

tph/pu 

Syngas & 

Liquid Fuel 

Liquid 

fuel  + 

Electricity 

Operating  

ENSYN Canada & 1989-2007 7 Fast 510
0
C Wood 100 tpd N/A Liquid Operating  



 

 

Company Project 

Location 

Date 

constructed 

No of 

Kilns 

Type of 

Process 

Op. 

Temp 

 (
0
C) 

Feed  

Material 

 

Feed Rate  Energy 

conversion 

Outputs Status Extra Inf. 

Canada USA Pyrolysis biofuel 

THIDE 

Environmental 

France 

France & 

Japan 

2003 

2005 

3 EDDITh 

Pyrolysis 

400-

700
0
C 

MSW, 

C&I, 

Sewage 

Sludge 

25,000 

tpa -

70,000 

tpa 

Syngas to 

Steam 

Char & 

Heat  

Operating  

BTG 

Netherlands 

Malaysia 2005 

onwards 

2 

Vertical 

Fast 

Pyrolysis 

450+
0
C Palm Oil 

Residues 

50 tpd & 

100 tpd 

Steam & 

Liquid 

biofuel 

Biofuel 

Oil & 

Power 

Both are 

operating 

 

ACTI (American 

Combustion 

Technology) 

CA USA 

USA & 

Caribbean 

2008 & 

2014 

4 

4 

Pyrolysis N/A Coal 

MSW 

25 tph 

6.25 tph x 

4 

Power & 

Liquid Fuel 

Power & 

Liquid 

Fuel 

Operating 

Building 

 

Dynamotive 

Limited 

Canada 

Ontario 

Canada 

2008 & 

2010 

2 Fast 

Pyrolysis 

N/A Wood 

Wastes/ 

Biomass 

4 tph or 

100 tpd & 

8 tph or 

200 tpd 

 

BioOil & 

Biochar 

BioOil & 

Biochar 

Running  
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Limitations 

Scope of services 
This report (“the report”) has been prepared by Strategen Environmental Consulting Pty Ltd (Strategen) in accordance 
with the scope of services set out in the contract, or as otherwise agreed, between the Client and Strategen.  In some 
circumstances, a range of factors such as time, budget, access and/or site disturbance constraints may have limited the 
scope of services.  This report is strictly limited to the matters stated in it and is not to be read as extending, by 
implication, to any other matter in connection with the matters addressed in it. 
Reliance on data 
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1. Introduction 

The Eastern Metropolitan Regional Council (EMRC) proposes to install a 3.5 MW Wood Waste to Energy 
(WWTE) plant at the existing Hazelmere Recycling Centre located on Part Lot 100 and Lot 201, Lakes 
Road, Hazelmere.  The proposal is being assessed at the level of Public Environmental Review (PER) by 
the Environmental Protection Authority (EPA) under Part IV of the Environmental Protection Act 1986.  As 
part of the assessment process, an independent peer review of the proven nature of the technology was 
conducted by a peer review panel comprising senior personnel from Enertech Engineering Consultants 
Limited and WSP UK Ltd.  EPA has since advised that based on the findings from that review and 
additional information provided by EMRC, the Authority is satisfied that all components proposed for the 
plant can be regarded as proven technology (at the scale proposed for the WWTE plant), with the 
exception of the syngas reformer.  The EPA considers that the syngas reformer is proven technology but 
that this has not been demonstrated at the proposed scale. 

EMRC has now completed a ‘Proof of Concept’ test program on the ANSAC Bunbury WWTE Test Facility 
to demonstrate the performance of the WWTE process as proposed for the Hazelmere site at a scale 
suitable to meet the intent of requirement in the EPA section 16(e) advice to the Minister for Environment 
on waste to energy technologies.  This report provides information on the test program as carried out and 
the results obtained from operation of the Test Facility from 12 May to 8 June 2015. 
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2. Objectives of the test program 

The EPA, in advice given to EMRC regarding their application for Approval of the Hazelmere Wood Waste 
to Energy Project has stated that: 

“[the] EPA considers that successful performance of the proposed syngas reformer through the 
comprehensive testing program proposed would meet the intent of its requirements set out in the section 
16(e) report for this component, given that the technology is proven, but just not at the scale proposed”. 

From this point, ANSAC and EMRC proposed the following set of objectives for a test program in order to 
generate data that would satisfy this requirement. 
1. To replicate to the greatest extent possible the flowsheet as proposed for the Wood Waste to Energy 

Project at Hazelmere. 
2. To develop a clear understanding of the expected mode of action within the syngas reformer. 
3. To address the potential inadequacy of the system as identified by the independent peer review of 

the proposed technology. 
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3. Overview of ANSAC Test Facility 

3.1 Technology 

The ANSAC Test Facility has been configured to be a small-scale version of the commercial plant 
proposed for installation at EMRC Hazelmere wood recovery facility.  The Facility can operate with a wood 
chip feed rate of up to approximately 250-300 kg/h into an ANSAC HK 510X indirect fired pyrolysis kiln.  
Raw syngas from the pyrolysis kiln is passed through a reformer that utilises a bed of char discharged from 
the kiln to crack the hydrocarbons and optimise the hydrogen content, as well as remove coarse 
particulate matter from the raw syngas.  Particulate matter and residual condensable hydrocarbons that 
remain after the reformer are removed in a wet (turbo) scrubber to produce clean syngas, which is fed to a 
spark-ignition engine that drives an electricity generator.  An electrical load module was installed for the 
test program to simulate the impact of power export from a commercial system. 

Excess syngas generated from the Test Facility is incinerated in a separate rotating kiln operating as a 
thermal oxidiser (surrogate SACTO). 

3.2 Operability 

The Test Facility can be operated to simulate commercial operations, with some limitations that arise from 
the small-scale size of the facility.  These include the following: 

 materials handling issues with the wood chip feed into the pyrolysis kiln which requires manual 
operator intervention to ensure the air seal is maintained and to prevent materials bridging in the 
feed hopper 

 management of air ingress across the scrubber fan and the pyrolysis kiln 

 control of pressure balances in process zones 

 limitations in the extent of scrubber efficiency optimisation. 

All these issues are readily addressed at a larger scale with appropriate design of commercially sized 
equipment. 

Notwithstanding those issues, the trial on the Test Facility was successfully operated to achieve typical 
process conditions and key operation scenarios for generation of syngas and treatment across the 
reformer, to satisfy the objectives of this trial. 
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4. Details of test program 

4.1 Plant configuration 

The existing ANSAC Test Facility has been reconfigured to replicate the flowsheet as proposed for the 
commercial scale WWTE facility at Hazelmere, to the greatest extent possible.  This entailed installation of 
a reformer vessel and modification of the existing (turbo) scrubber circuit to include a heat exchanger and 
scrubbed syngas condenser (dehumidifier).  A small gas engine and generator has been installed and 
limited testing carried out to optimise operation on LPG.  Comprehensive engine performance testing using 
syngas and electrical load testing is beyond the scope of this test program, but will be carried out to 
provide data for final process design purposes. 

An existing rotary kiln has been modified to operate as a SACTO (thermal oxidiser) for safe combustion of 
waste syngas generated during the facility operation and to manage emergency by-pass of syngas from 
the pyrolysis kiln (in the event that bypass was required). 

No modifications were required to the existing wood chip feeder and char discharge equipment. 

4.2 Plant operating scenarios 

Wood chips as supplied by EMRC from the existing Hazelmere operations were processed at a nominal 
rate of 150 kg/h.  This rate is less than the maximum capacity of the facility, but was selected to provide 
good flexibility in operability, avoid potential issues with unit process bottlenecking and to minimise risks in 
the test program.  The syngas produced was sent to the thermal oxidiser for combustion. 

As previously indicated, a primary objective of the test program was to demonstrate the performance of the 
reformer.  Three reformer operating scenarios were originally considered for that purpose, namely: 
1. No reformer in circuit (i.e. nil char in kiln discharge box). 
2. Reformer in circuit without oxygen injection. 
3. Reformer in circuit with oxygen injection. 

The primary focus of the initial test runs was to establish steady-state operating conditions for Scenario 2 
as representing operation of the system as proposed in the approval documentation.  This report describes 
the results from testing conducted over during May– June 2015, whereby samples of syngas were 
collected from various points within the process to demonstrate reformer performance under the three 
operating scenarios.  Samples of scrubber water were collected for visual inspection of hydrocarbon and 
tar content, and laboratory analyses as part of performance testing of the turbo scrubber.  Further details 
of the monitoring program are presented below. 

4.3 Performance measures and indicators 

Key performance measures and indicators for development of the monitoring program methodology and 
also for assessment of the results from the test runs are summarised in Table 1. 
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Table 1:  Performance measures and indicators 
Process 
element Performance measure Indicators Comment 

Pyrolysis kiln Stability of feed rate, kiln 
temperatures and pyrolysis 
tube pressures 

Feed rate, temperatures 
and pressures 

Data generated continuously 
from the Test Facility control 
system, augmented by 
manual readings where 
appropriate 

Syngas 
reformer 

Composition of raw syngas 
without reformer in circuit 
and with reformer in circuit 

Concentrations of key 
syngas parameters (H2, 
CO, CO2, CH4) 

Samples collected and 
analysed by UWA Centre for 
Energy scientists 

Wet scrubber Composition of syngas 
before and after scrubber 

Concentrations of key 
syngas parameters (H2, 
CO, CO2, CH4). 
Visual inspection and 
composition analyses of 
scrubber water 

Samples collected and 
analysed by UWA Centre for 
Energy scientists 

Scrubbing efficiency 
(gas/liquid ratio) 

Scrubber water and 
syngas flow rates, 
syngas header pressure 
and temperature 

Data generated continuously 
from Test Facility control 
system 

 
Interest in the scrubber water from the trial was limited to determining the composition of the scrubber 
water for assessment of scrubber efficiency.  No experiments were carried out to assess the efficacy of the 
activated carbon water treatment process proposed for the Hazelmere facility as this technology is well 
proven at commercial scale and the compositional data will be used as a key input to final design and 
selection of the treatment process. 

4.4 Process sampling and analysis program 

4.4.1 Sampling locations 

Sampling locations were selected to facilitate assessment of reformer performance (raw syngas from the 
pyrolysis kiln and upgraded syngas from the reformer discharge) and the scrubber (reformer discharge and 
scrubber discharge).  Samples of scrubber water were collected from the underflow recirculation line. 

4.4.2 Syngas sampling and analysis 

Syngas sampling was conducted using purpose built sampling trains for each location.  Gas samples were 
extracted from the process using a vacuum pump, into a moisture trap with the dried syngas then pumped 
into a Tedlar bag for subsequent laboratory analysis of components including hydrogen (H2), carbon 
monoxide (CO), carbon dioxide (CO2), nitrogen (N2), oxygen (O2), argon (Ar) and methane (CH4).  A suite 
of non-methane hydrocarbons (NMHCs) that are present in low concentrations were also analysed as part 
of the research program at the Centre for Energy. 

Details of sampling and analysis procedures are presented in Appendix 1. 

4.4.3 Syngas oxygen monitoring 

As part of the safety protocols employed for operation of the Test Facility, near real-time monitoring of 
oxygen (O2) in the syngas from the syngas header was conducted during the test run to identify presence 
of air ingress in the syngas scrubbing circuit downstream of the kiln.  The levels of methane and carbon 
monoxide were also measured to determine the on-commencement of syngas production and when 
steady-state conditions were achieved. 
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4.4.4 Condensate and particulates from syngas 

Condensate samples separated from the raw, reformed and clean syngas were analysed for tars to assess 
removal efficiency of these substances in the reformer and scrubber, respectively.  Particulate matter were 
analysed gravimetrically to determine the loading in syngas. 

4.4.5 Char 

Samples of char were collected from the discharge bin for visual and physical examination to confirm that 
the pyrolysis reactions had proceeded to completeness and condensable materials (tars) had been 
removed from the syngas across the reformer. 

Structural parameters of chars including the BET surface area, pore volume (Vp) and average pore size 
(Da) were determined from the nitrogen physisorption isotherms obtained using a Tristar 3020 volumetric 
analyser (Micromeritics Co. Ltd). 

4.4.6 Process data 

Data from process instrumentation as recorded on the project HMI operating system were captured and 
processed to demonstrate various aspects of the process performance. 

4.4.7 Quality assurance and quality control 

The specific nature of the test program largely precluded the use of regulatory approved sampling and 
analysis methods, which include quality assurance/quality control (QA/QC) for analysis of syngas and 
scrubber water components, because specific methods are not available for the type of monitoring 
required.  However, appropriate quality measures were incorporated where appropriate to ensure fit for 
purpose data were obtained from the trial.  These measures included the following: 
1. Calibration checks for all gas analysers (for syngas and combustion gases). 
2. Syngas composition stability tests (for samples collected into Tedlar bags). 
3. Use of certified reference standards for calibration of gas chromatographs and associate 

instrumentation. 
4. Process instrument response checks and calibrations carried out prior to commencement of Test 

Facility operations. 
5. Recalibration as required in between test runs. 
6. Use of chain of custody documentation and processes to ensure traceability of data resulting from the 

Test Facility trial. 
7. Collection and analysis of replicate samples to assess capability of analytical measurements.  
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5. Results and discussion 

5.1 Plant commissioning 

Safety of personnel and equipment was a paramount consideration in commissioning the reconfigured 
Test Facility.  As such, a considerable amount of the test program was taken up with commissioning and 
optimisation of operating conditions to ensure all hazards were managed to provide low risk outcomes for 
the program.  Key aspects of commissioning involved testing of control systems, calibration of instruments, 
leak testing, optimisation of temperatures and pressure balances across the various heated zones, and 
optimisation of pressure drops and liquor flow rates across the scrubber circuit.  Operating procedures 
were developed during commissioning to ensure steady-state conditions were established for the test runs 
where syngas sampling was carried out.  Start-up and shut-down procedures were also developed to 
ensure safe execution of those tasks. 

5.2 Operating scenarios 

Testing of the reconfigured Test Facility up to 30 May 2015 had involved operating under Scenario 2 
conditions, i.e. with the reformer loaded with char, but without oxygen addition.  Those test runs provided 
initial data on syngas properties and unit performance, and process operating experience necessary to 
conduct tests for Scenarios 1 and 3, and repeat tests for Scenario 2.   The June 2015 tests involved 
removal of char from the reformer to facilitate Scenario 1 testing, and then the reformer char discharge rate 
was reduced to fill that vessel ready for the additional Scenario 2 testing.  A final test run was then carried 
out with oxygen addition (Scenario 3).  The results from each Scenario are presented below. 

5.3 Operating Parameters – Scenario 1 

A test run for Scenario 1 was carried out to facilitate collection of syngas samples for compositional 
analysis without char in the reformer.  This includes data from the ramp-up phase of the operation, where 
pyrolysis temperatures were being established in the kiln heat tube and feed rates stabilised.  For this test, 
a relatively high feed rate of 300 kg/h was used to generate sufficient char to fill the reformer for the 
Scenario 2 test that followed.  

Key findings from a careful examination of the process operating data are summarised as follows: 
1. Stable pyrolysis temperatures were achieved in the front end of the pyrolysis tube after some initial 

instability. 
2. Pyrolysis temperatures in the back end of the tube were somewhat variable.  These may have 

reflected issues with obtaining good pressure balance across the system in the absence of a char 
bed in the reformer.  Such a problem will not occur to any significant extent for a commercial scale 
facility. 

3. An increase in temperatures at the back-end of the tube was observed as the test progressed which 
then decreased toward the end of the test.  This attributed to the thermal inertia of the system and 
minor fluctuations in the pressure balance. 

4. Good quality char was recovered from the process as determined from visual examination. 
5. Reformer temperatures had not stabilised by the completion of this test, reflecting the absence of 

char in that vessel 
6. Scrubber syngas discharge temperatures increased as the run progressed.  Presumably this 

reflected fouling of the heat exchanger from the tars that condensed in the scrubber. 
7. Dehumidifier discharge temperatures were higher than design.  This was due to the absence of a 

chiller system for the heat exchangers, which had yet to be installed.  The chiller is required to deliver 
design discharge temperatures necessary for moisture removal prior to gas engine testing 
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8. The syngas flow rates were initially low due to the bypass vent being partially opened to assist in 
clearing air from the system after a shutdown.  Syngas rates then stabilised once the vent was closed   

The most significant finding from these data is that the Test Facility was successfully operated under 
reasonably consistent pyrolysis conditions for the sampling runs.  Good control of the pyrolysis process 
was achieved during the sampling runs, to ensure the product syngas and char are representative of the 
effects of those process conditions.  In addition, a sufficient number of syngas and condensables samples 
of sufficient quantities were collected to provide good confidence in the analysis results.  The air ingress 
issues were a consequence of the limitations of the reconfigured Test Facility and will not be an issue for 
the proposed Hazelmere facility due to the implementation of appropriate process design to address those 
issues. 

Note that the proposed facility at Hazelmere would not operate without char in the reformer except during 
the early stages of start-ups after major shutdowns where the reformer was serviced. 

5.4 Operating Parameters – Scenario 2 

Two test runs were conducted for Scenario 2 where reformer was filled with a char bed but without oxygen.   

Key findings from examination of process data are as follows: 
1. A constant feed rate was maintained throughout the trial (once steady-state conditions were 

achieved). 
2. Very stable pyrolysis temperatures were achieved in the pyrolysis tube, with higher temperatures 

observed toward the back end of the tube where the pyrolysis reactions were moving to completion 
and less of the combustion chamber heat was taken up by those endothermic reactions. 

3. An increase in reformer discharge temperatures were observed toward the end of the plant run, 
indicative of a higher rate of tar cracking as the reformer char bed stabilised. 

4. Notwithstanding that some data were not captured during this run, the general agreement in 
temperatures from the three thermocouples located in the reformer indicated a uniform char level had 
been achieved in the reformer. 

5. Scrubber syngas discharge temperatures were higher than earlier runs suggesting a reduction in 
heat removal in the scrubber due to fouling of the scrubber liquor heat exchanger from condensables 
in the syngas.  This is due to a limitation in the capacity of the scrubber circuit installed at the Test 
Facility.  Note that this unit was not optimised for its purpose in this trial.  The proposed Hazelmere 
facility will be designed with appropriate capacity to ensure efficient removal of condensables from 
the scrubber liquor. 

6. Dehumidifier discharge temperatures were higher than design.  This was due to the higher scrubber 
liquor temperatures and the absence of a chiller system for the heat exchangers, which had yet to be 
installed.  The chiller is required to deliver design discharge temperatures necessary for moisture 
removal prior to gas engine testing. 

7. Measured syngas flow rates were considerably higher than design rates for the woodchip feed rate 
used in the trial.  This suggests air ingress into the syngas circuit had occurred. 

8. A small reduction in the syngas production rates during the test may have been due to a reduction in 
air ingress across a major leak point in the scrubber. 

9. That ingress did not significant impact on the assessment of reformer performance (as discussed 
below). 

The most significant finding from the Scenario 2 tests is that the Test Facility was successfully operated 
with good stability in key process parameters obtained for the respective sampling runs.  Excellent control 
of the pyrolysis process was observed during the tests, with no evidence of blockages and associated 
pressure increases across the reformer.  A stable bed of char was established in the reformer to provide 
the conditions required for this scenario.  The air ingress previously observed in the earlier tests for 
Scenario 2 were are a consequence of the limitations of the reconfigured Test Facility and will not be an 
issue for a purpose designed and built commercial facility. 
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5.5 Operating Parameters – Scenario 3 

Scenario 3 testing involved oxygen injection into the reformer to react with a small portion of the raw 
syngas and increase the reformer temperature to enhance cracking of tars.  The oxygen dose rate was 
initially determined from stoichiometric considerations and adjusted to deliver a substantial increase in 
reformer temperature. 

Key findings from examination of these data are as follows: 
1. A constant feed rate of 135 kg/h was maintained throughout this scenario. 
2. The test run was hampered by a number of kiln burner faults, which led to swings in combustion 

chamber temperatures and as a consequence greater variability in pyrolysis tube temperatures than 
observed for Scenario 2. 

3. A spike in reformer discharge temperature was observed when oxygen injection commenced.  That 
temperature continued to increase as the injection rate increased to set point, then essentially 
stabilised toward the end of the test run at a higher temperature than was observed prior to 
commencement of oxygen injection. 

4. A concomitant increase in syngas flow rate was observed with commencement of oxygen injection 
and associated increase in reformer discharge temperature. 

5. These observations are consistent with expectations that combustion of some syngas in the reformer 
will assist to generate higher temperatures across the char bed to crack greater amounts of tars than 
otherwise would occur at lower temperatures. 

6. The key outcome from this test is that oxygen injection has been demonstrated as a viable means for 
control over reformer temperatures and to achieve desired degree of tar cracking. 

7. Average scrubber syngas discharge temperatures were as per design suggesting good 
syngas/scrubber liquor mixing.  Temperatures increased toward the end of the run as the scrubber 
heat exchanger began to foul. 

8. Average dehumidifier discharge temperatures also consistent with design until scrubber temperatures 
rose at the end of run.  As previously discussed a chiller system is required to assist the heat 
exchangers, which had yet to be installed. 

The most significant finding from this test is that oxygen injection appears to deliver a significant increase 
in reformer gas temperatures thereby providing favourable conditions for increased tar removal via 
cracking at the higher temperatures.  Excellent process control was achieved during the injection tests, 
despite the problems with kiln burner faults.  No evidence was found for blockages and associated 
pressure increases across the reformer.   

This test run also highlighted a key attribute of the indirect pyrolysis process in relation to safety and also 
environmental risks.  More specifically, the shutdown initiated at the completion of the sampling program 
resulted in a rapid decrease in pyrolysis kiln tube temperatures to significant reduce the pyrolysis reactions 
and syngas formation rates.  In addition, the bypass vent was opened during the shutdown to rapidly 
remove syngas from the system via the SACTO and facilitate the gradual cooling of the reformer.  As 
described in the environmental approvals submissions, these features ensure the low risks from air 
emissions during normal operations will rapidly become even lower during shutdown. 

5.6 Syngas Composition Results 

5.6.1 Portable analyser results compared with laboratory instrument results 

Syngas samples were analysed immediately after collection using portable gas analysers as well as later 
on the day of sampling at the Centre for Energy laboratory using more sophisticated GC-TCD, GC-FID and 
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GC-MS instruments.
1

  The field measurements of CH4 are considered as indicative only, with the primary 
use to confirm generation of syngas during the test runs.  The O2 measurements were required to monitor 
extent of air ingress during the test runs to facilitate corrective actions should the ingress increase. 

Therefore, for this report, the laboratory data have been used for assessment of the syngas composition 
from the respective test scenarios. 

5.6.2 Scenario 1 

Nine samples plus some replicates were collected from Scenario 1 tests for laboratory analyses, which is 
sufficient to provide good confidence in the measurements and their interpretation.  

The results show good yields of syngas components, with an increase observed in the proportion of H2 
and a decrease in CO2 in syngas after the reformer but no change in CH4, NHMCs and CO.  The syngas 
components remained reasonably consistent across the scrubber with the exception of CO2, which 
increased significantly.   This may reflect an ingress of additional air (as evident from the large increase in 
N2), which would give rise to oxidation of hydrocarbons to produce additional CO2. 

 

5.6.3 Scenario 2 

Eight samples were analysed from Scenario 2 testing along with some replicates. 

The results show significant changes in levels of H2, CO and CH4 in the syngas across the reformer and 
little change across the scrubber and dehumidifier.  In particular, the H2 concentration was approximately 
30% higher whereas the CO dropped by approximately 20%, and the CH4 levels dropped by approximately 
30%.  CO2 increased slightly across the reformer and was unchanged across the scrubber in this test. 

This result is consistent with the char materials in the reformer catalysing the cracking of hydrocarbons and 
tars in the raw syngas. 

The reduction in CO and CH4 concentrations compared with the kiln discharge sample may reflect partial 
oxidation of syngas from air ingress upstream or across the reformer, as well as cracking of CH4 over the 
char bed.  Nonetheless, the absolute concentrations of H2, CO and CH4 in the reformer discharge syngas 
would be entirely suitable for operation of the gas engines. 

5.6.4 Scenario 3 

The Scenario 3 results show similar concentrations of all syngas components across the reformer and 
scrubber/dehumidifier as for the raw syngas.  This result is unexpected since the reformer discharge 
temperatures were significantly elevated with the addition of oxygen into the reformer.  Importantly, good 
yields of key syngas parameters H2, CO and CH4 were obtained which were not compromised by the 
higher temperatures in the reformer generated from oxygen addition.  This suggests testing and 
optimisation of oxygen injection is warranted during the commissioning and optimisation of the proposed 
Hazelmere facility. 

5.6.5 Syngas sample stability 

As indicated in Section 4.4.7, the stability of syngas samples was assessed to ensure any losses from 
storage prior to analysis could be accounted for.  A number of larger volume (10 L) samples were collected 
during sampling to facilitate repeat analysis approximately 28 to 32 hours after sampling.  This represents 

                                                           
1

  GC-TCD = gas chromatography-thermal conductivity detector 
GC-FID = gas chromatography-flame ionisation detector 
GC-MS = gas chromatography-mass spectrometer 
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the maximum time between sampling and analysis of all samples at the CFE Laboratory.  The samples 
were analysed using the gas analyser to provide data for CH4, CO2 and O2. 

For the purposes of the test program, the relative percentage differences (RPDs) of CH4 and CO2 in these 
samples were found to be sufficiently stable over the time period from collection at the test facility to 
analysis in the CFE laboratory.  The levels of O2 in the samples were not as stable but that may be due to 
the low absolute concentrations and some residual reactivity of the syngas. 

5.6.6 Char properties 

Samples of char obtained from the test run were visually examined for physical properties, in particular for 
signs of tar build-up.  The char was found to be completely dry and free from sticky tar residues (Figure 1).  
The individual particles could be readily snapped in half with modest pressure but retained the respective 
shapes for each half.  Very little attrition was observed in the char collection drum, with the char particles 
largely retaining the original shapes of the wood chip but with a considerable reduction in size from loss of 
the volatile components in the pyrolysis process.   Overall, the char showed physical properties consistent 
with high temperature pyrolysis. 

These observations suggested that reformation process was proceeding as designed, in that condensable 
tars were being consumed on the char in the reformer vessel.  The materials handling properties of the 
char in the discharge screw feeder were found to be excellent with no evidence of blockages occurring in 
all test runs. 

The size of the char particles appeared to change slightly with increasing pyrolysis temperatures.  In 
particular, the particles appeared visibly smaller from higher temperature operation (Figure 2) compared 
with lower temperature operation (Figure 1).  Presumably this reflects consumption of more fixed carbon at 
the higher temperatures. 

The specific surface area and pore size range were found to be consistent with the changes expected from 
efficient pyrolysis of wood chips.  The results should be considered preliminary since issues associated 
with representativeness of sampling have not been addressed at this time. Nonetheless, they suggest the 
char that is held within the reformer to catalyse cracking of hydrocarbons (Scenario 2) has a considerably 
greater surface area compared with char that is immediately removed from the process (Scenario 1). 
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Figure 1:  Char obtained from lower temperature test runs 

 

Figure 2:  Char obtained from higher temperature test runs 
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The char from the initial Scenario 2 tests appeared slightly ‘underdone’ in that the particles were somewhat 
sooty in nature suggesting some residual carbonaceous matter was still present that could be removed 
during pyrolysis at higher temperatures.  The larger pore volume and pore size compared with the char 
from the repeat Scenario 2 testing suggests that the repeat char had been more thoroughly treated in the 
process, leading to a partial collapse of the larger pores.  Char generated from Scenario 3 testing had not 
been characterised at the time of writing of this report. 

Low residual volatiles were measured in the chars, indicative of good pyrolysis efficiencies from these 
tests.  Higher ash content was observed for Scenario 2 char compared with the feed and Scenario 1 ash 
content, which is not explained at this time. 

5.6.7 Scrubber water (liquor) properties 

Samples of scrubber liquor were recovered from the recirculating load for examination and measurement 
of pH using indicator papers.  Condensed organic matter (tar) was observed to separate from the dark 
coloured liquor, indicating that the scrubber was successfully removing those materials from the syngas 
stream.  The scrubbed and dehumidified syngas collected at the back-end of the scrubber circuit prior to 
combustion in the SACTO contained some residual aerosols suggesting that further optimisation of the 
scrubber and dehumidifier operation is required before the gas engine performance testing using syngas 
can commence.  This is beyond the scope of the current test program, and would be a component of the 
operating plant commissioning process. 

The scrubber liquor had a pH of approximately 6, presumably due to dissolution of CO2 present in syngas, 
which is most likely balanced by ammonia produced from the pyrolysis reactions since the equilibrium pH 
of CO2/carbonic acid is 5.65.  

The levels of ammonia (as ammonium ion) in scrubber liquor increased as the test run proceeded.  Levels 
of salts increased but not to the same extent.  These can be considered preliminary data since the 
scrubber was not optimised for these tests. 

5.7 Removal of condensables across the reformer 

Samples of condensables were recovered from the syngas sampling train and the proportion of 
condensables (tars) and water determined gravimetrically. 

The results show that Scenario 2 provided high efficiency conditions for removal of condensables from 
syngas, with a > 90%% reduction observed across the reformer packed with char.  Scenario 1 and 3 had 
similar levels of condensables with around 80% removed across the reformer.  For Scenario 1, this result 
suggests only brief contact with char as it passes through the reformer is required to remove a significant 
portion of condensables from the raw syngas.   

For Scenario 3, the 80% removal efficiency across the reformer with oxygen injection suggests little benefit 
would be gained from operating under that condition.  That result may simply be a consequence of the 
limitations in design of the Test Facility, which will be addressed for the proposed Hazelmere facility. 

Higher levels of condensables per litre of syngas were isolated from the scrubber syngas stream 
suggesting that re-entrainment of condensables into the syngas had occurred and the scrubber requires 
cleaning and optimisation of operation for future test facility runs.  The increase in scrubber discharge 
syngas temperatures observed toward the completion of the various tests provides additional evidence for 
a loss of capability in the scrubber as the test runs proceeded. 
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6. Conclusions 

6.1 Outcomes vs objectives 

The primary objectives and outcomes from the test program are summarised as follows: 

6.1.1 Replicate WWTE flowsheet at the Test Facility 

This test program objective of flowsheet replication has been achieved in that key process operations 
(pyrolysis, reformer, scrubber and SACTO) were successfully replicated with the reconfigured Test Facility.  
Good operational controls were achieved within the constraints and limitations of the Test Facility design.  
The facility was successfully and safely commissioned and test runs completed. 

6.1.2 Syngas reformer operation 

This objective has been achieved with all three proposed test scenarios successfully completed.  The 
syngas samples collected downstream of the reformer show syngas composition as expected from the 
operating conditions that could be sustained during the test runs.  The substantial changes in the syngas 
composition before and after the reformer and the more desired syngas quality from the reformer indicate 
the reformer was performing as expected.  The char produced from the reformer showed no signs of tar 
build-up and the handling and physical properties of the char were entirely consistent with that expected 
from an efficient pyrolysis process. 

6.1.3 Reformer and scrubber performance 

The operating conditions achieved, and test results and site observations indicated that acceptable 
reformer performance was achieved within the constraints and limitations of the Test Facility design.  The 
repeat testing of Scenario 2 reformer conditions showed very good results in terms of syngas quality, tar 
removal and stability of operation.  The benefits of oxygen injection in terms of syngas upgrading and 
removal of condensables/tars were not demonstrated even though the reformer temperatures increased 
significantly during the Scenario 3.  That outcome may be a consequence of design limitation of the Test 
Facility in terms of being able to maintain a consistent bed of char in the reformer under all conditions.  
Importantly, oxygen injection did not result in any adverse outcomes in terms of tar removal and syngas 
properties. 

The scrubber performance was assessed on the basis of design discharge syngas temperature being 
achieved and the presence of tars and particulates in the scrubber liquor.  Initial test runs showed that 
those temperatures could be maintained while removal of tars and particulates proceeded.  However, the 
Test Facility scrubber and heat exchanger appeared to foul as the test run proceeded and levels of tars 
and particulates built up.  These issues are most likely a consequence of the design limitation of the water 
treatment system for the scrubber at the facility.  As such these issues can and will be resolved in the 
design of the scrubber for the proposed Hazelmere facility. 

6.1.4 EPA Section 16(e) requirements 

The results from the test program conducted at the ANSAC WWTE Test Facility clearly demonstrate 
compliance with the intent of the EPA Section 16(e) report on Waste to Energy in respect of proveness of 
the syngas reformer.  

6.2 Overall conclusions 

The tests conducted at the ANSAC WWTE Test Facility indicate that the process performs as described in 
information provided for environmental approvals.  Importantly, the Test Facility has been successfully 
reconfigured and commissioned to replicate the proposed Hazelmere facility.   Key process elements 
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including the pyrolysis kiln, the reformer and SACTO performed as designed to produce good quality and 
quantity of syngas.  Good control of the operating facility was achieved in the test program, which provides 
useful knowledge for final design and commissioning of the proposed Hazelmere facility.   The Test Facility 
scrubber performance requires optimisation and possible changes made to improve and maintain 
scrubbing efficiencies and minimise fouling issues from the tars.  This will provide the ability to conduct 
additional testing if necessary to support the final design phase of the project for the proposed facility at 
Hazelmere. 
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Appendix 1 

Syngas sampling and analysis details 
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Sampling and analysis procedures for laboratory analyses 

Equipment 

Gas samples were collected using purpose built sampling trains installed at the sampling points within the 
Test Facility.  A schematic of the sampling train is presented below. 

 

Procedure 

The following procedure was used for syngas sampling from the kiln discharge chamber and reformer 
discharge line. 
1. Assemble the sampling train and fill the cooler with ice-salt mixture. 
2. Perform a leak check using soapy water over a pressurised sampling train. 
3. Connect the sample train inlet to sample valve. 
4. Start the sampling pump and open inlet valves. 
5. Purge the sampling lines for 5 minutes with the produced syngas before collecting the gas samples. 
6. Switch the three-way valve to the syngas sample bag side and continue sampling until required 

volume of syngas is collected. 
7. Close inlet valves and shut off sampling pump. 
8. Disconnect sampling train from inlet valve and return sampling train to site laboratory. 
9. Recover gas sample bag and condenser contents. 
10. Label all samples and transfer details to chain of custody form. 
11. Transport samples to UWA laboratory for analysis 

Analyses 

A GC (Agilent 7890) with two thermal conductivity detectors (TCD No. 1 for hydrogen detection with 
Nitrogen as carrier gas and TCD No. 2 for carbon monoxide, carbon dioxide, oxygen and nitrogen 
detection with Helium as carrier gas) and one flame ionization detector (FID for hydrocarbon detection with 
Helium as carrier gas) was configured to analyse the raw pyrolysis gas and post reformer syngas. 
Calibration gas purchased from Agilent was used species identification and quantification. 
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Sampling and analysis procedure – dehumidifier discharge for on-site analyses 

Equipment 

A USEPA method 18 sample train for Tedlar bag sampling with condenser coil installed upstream of the 
sampling drum was used for sampling into 10 L Tedlar bags for on-site analyses. 

Procedure 

The following procedure was used for syngas sampling from the dehumidifier discharge line for on-site 
analyses. 
1. Connected the sample condenser train to the sample port on the clean syngas header prior to 

discharge into the SACTO, with the outlet not connected to the drum. 
2. Open inlet valves for 1 minute to purge syngas from the sampling lines. 
3. Conned the condenser discharge line to the sample drum inlet port with a sample bag installed. 
4. Open the valve on the bag, install into the drum and turn on the vacuum pump to commence 

sampling. 
5. When the bag is full then shut off the pump close all isolation valves and recover the full sample bag 

for analysis 

Analyses 

A Landtec GEM2000 landfill gas analyser was used to directly measure CH4, CO2 and O2 concentrations 
in the samples and an Enerac M-700 combustion emissions analyser used to measure CO 
concentrations.  Both instruments were calibrated against reference gases prior to use on site, and a clean 
air reference check carried out prior to each syngas analysis. 



 

 

Appendix 4 

Peer review of Proof of Concept Trials 

(Zhang 2015) 

 










