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Executive Summary 
The Mt Piper Energy Recovery Project, partly funded by ARENA, involves construction and operation 

of a dedicated boiler and Refuse Derive Fuel (RDF) receival infrastructure with a nominal capacity of 

200,000 tonnes per annum. The project is expected to generate approximately 240,000 MWh of 

electricity per annum, provide around 300 local direct and indirect jobs during 32 months of construction, 

and up to 16 ongoing operational roles. 

Edge Environment have been engaged by Re.Group and Energy Australia to prepare a 

commercialisation-stage Life Cycle Assessment (LCA) for the Mt Piper Energy Recovery Project. The 

LCA is aligned with the guidance for commercialisation LCAs from the Australian Renewable Energy 

Agency (ARENA), Method and guidance for undertaking life cycle assessment (LCA) of bioenergy 

products and projects, as well as the ISO standards for LCA: ISO 14040:2006 and 

ISO14044:2006+A1:2018. In addition, this LCA has been built on previously completed the proof-of-

concept LCA on the same project by Edge Environment. 

The results of the LCA show that 1 MWh RDF-based power generation system performs better across 

all environmental impact categories assessed except ozone layer depletion, compared to an equivalent 

1 MWh coal-based power generation systems. The increase in ODP is attributed mainly to the 

processing of MSW into RDF. The increase of ODP is in the order of 10-5 for generating 1 MWh 

electricity. 

The RDF-based power generation system results in 130% emissions reduction (GHG-fossil) compared 

to coal-based power generation system. If total GHG emissions (fossil + biogenic) are considered, the 

reduction of emissions is 63%. The predicted annual savings from the Mt Piper Energy Recovery Project 

when compared to electricity production from coal are: 

• 280,356 tonnes of CO2 eq (GWP-fossil) per year

• 135,590 tonnes of CO2 eq (GWP-total) per year

• 290,903 m3 of water equivalent per year

• 83,902 kg PM 2.5 particulate matter per year

The LCA study has been peer reviewed per the requirements of the ARENA guidelines. It is submitted 

for two purposes: 

1) as part of ARENA funding requirements of Re.Group and Energy Australia for the

commercialisation stage; and

2) to meet the requirement from the NSW Department of Planning, Industry and Environment

(DPIE) for energy from waste projects to conduct an LCA.
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List of acronyms and terms 

Acronym or Term  Definition 

ALCAS Australian Life Cycle Assessment Society 

ARENA Australian Renewable Energy Agency 

ARENA Method Method and guidance for undertaking life cycle assessment (LCA) of bioenergy 
products and projects (Edge Environment; Life Cycle Strategies, 2017) 

Embodied Impacts All the included environmental impacts for a certain object, material, or process. 

GWP Global Warming Potential 

LCA  Life Cycle Assessment 

LCI Life Cycle Inventory 

RDF Refuse Derived Fuel 

MSW Municipal Solid Waste 
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1 Introduction 
Edge Environment were engaged by Re.Group and EnergyAustralia to undertake a Commercialisation 

Life Cycle Assessment (LCA) for the Mt Piper Energy Recovery Project (project), partly funded by the 

Australian Renewable Energy Agency (ARENA).  

 

The project comprises of a refuse derived fuel (RDF) energy from waste plant situated at the existing 

Energy Australia Mt. Piper Power Station (MPPS). MPPS is located at Blackmans Flat within the Central 

West region of NSW, approximately 17 km north of Lithgow. The nearest townships are Portland located 

approximately 4 km to the west, outskirts of Lidsdale approximately 2.5 km to the east and Wallerawang 

approximately 6 km to southeast. The project is to be located within the existing MPPS landholdings, 

within the Lithgow Local Government Area (LGA). 

 

The proposed development involves construction and operation of a dedicated boiler and RDF receival 

infrastructure with a nominal capacity of 200,000 tonnes per annum. The RDF will be fed into the boiler 

where its combustion will create steam which will then be piped into the existing MPPS stream circuits. 

The output from the boiler will augment the steam created in the MPPS coal fired boiler and used to 

generate electricity, augmenting 1500 MW MPPS with a lower emissions fuel source. The project is 

expected to generate approximately 240,000 MWh of electricity per annum. Furthermore, the project 

would provide around 300 local direct and indirect jobs during 32 months of construction and around 16 

ongoing operational roles. 

 

All ARENA bioenergy projects require a concept-stage and commercialisation-stage LCA in line with the 

ARENA document: Method and guidance for undertaking life cycle assessment (LCA) of bioenergy 

products and projects (“the ARENA Method”) (Edge Environment; Life Cycle Strategies, 2017). This 

requirement applies to the “Mt Piper Energy Recovery Project” and completing this commercialisation-

stage LCA is an essential step in finalising the project. 

 

In addition, this LCA is also a required submission as part of the NSW Department of Planning, 

Infrastructure, and Environment’s (DPIE’s) development approval process as recommended by the 

NSW Office of the Chief Scientist and Engineer’s Energy from Waste Report and the recommendations 

of the Chief Scientist to the Minister for Energy and Environment released in April 2021. 

 

2 Goal and Scope 

The primary purpose of the LCA study is to fulfill ARENA funding requirements of Re.Group and Energy 

Australia by assessing and documenting the cradle to grave environmental impact of the ‘as built’ or 

commissioned system, including how it compares to coal-based electricity generation (the ‘reference 

system’). A secondary purpose is to fulfill the DPIE’s requirement, as stated in their RFI dated 21 May 

2021, in which the proponent is requested to prepare and submit a detailed Life Cycle Assessment 

consistent with the Australian Renewable Energy Agency (ARENA) guidance ‘Life Cycle Assessment 

(LCA) of Bioenergy Products and Projects (October 2016) is to be submitted by the proponent as part 

of the proponents ongoing response to submissions. 

 

This project involves the construction and operation of RDF based electricity generation system at 

Lithgow, NSW. It was estimated that 30% of sorted MSW is recovered as RDF. The recovered RDF will 

be combusted to generate steam from a dedicated boiler. The generated steam will be used to generate 

steam. LCA study compares this RDF based electricity system with coal-based power generation 

system. 

 

With the RDF-based power generation system installed and commissioned, the scope of the LCA 

commercialisation study corresponds to the project’s stage on the ARENA Technology Readiness Level 

(TRL) and Commercial Readiness Index (CRI): 

 

• TRL 9 – System test - Launch & Operations 

• CRI 2 – Commercial trial - Small Scale 

https://arena.gov.au/projects/mt-piper-power-station-energy-recovery-feasibility-study/
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The information from the LCA will also provide broad decision-making and communication benefits to 

ARENA as well as Re.Group and Energy Australia, examples are listed in Figure 1. 

 

 
Figure 1 – ARENA objectives for commercialization-stage LCA of bioenergy projects (Source: The ARENA Method) 

 

The audience for the LCA study will be ARENA, DPIE, Re.Group and Energy Australia. The public will 

also obtain information regarding the LCA study through ARENA’s knowledge sharing mandate and/or 

through the DPIE’s Major Projects’ website as responses to submissions to the EIS. 

 

 

 System boundary and cut off criteria applied. 

Per the ARENA Method (Figure 2), capital equipment and infrastructure have been excluded from the 

LCA. 

 

 
Figure 2 – Cut-off rule guidelines (Source: The ARENA Method) 

 

The Mt Piper Plant LCA accounts for all known inputs and outputs (i.e., no known inventory items were 

omitted due to the cut-off criteria). For hard Coal electricity production, data from AusLCI was used as-

is with no additional cut-off considerations. Overall, the cut-off criteria employed for LCA in this report is 

compliant with ARENA LCA guidelines. A diagram of the system boundary is presented in Figure 3. 

 

For ARENA, to: 

• Obtain a benchmark on the fossil energy used, energy return on energy invested (EROEI) and 
GHG performance. 

• Manage risks from other environmental impacts. 

• Help to communicate project benefits. 

 

For ARENA program participants, to: 

• Provide scenario assessment of alternative technologies and management options. 

• Provide a tool for understanding impacts along the supply chain. 

• Provide evidence of sustainability performance of fuels, for prospective markets. 

• Support knowledge sharing obligations associated with an ARENA funding agreement. 

 

The embodied impacts of capital equipment and infrastructure may be excluded from the LCA without further 

justification, except for: 

• Production systems estimated to have an economic life of less than 10 years. 

• Production systems requiring establishment of significant supporting physical infrastructure, such as 
dedicated roads, rail, pipelines and inter-modal change facilities. 

For systems fitting either qualifier above, capital equipment and infrastructure shall be included at a scoping 

level in the LCA. 
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Figure 3 – System boundaries. The boxes indicate the main stages of the LCA, with inputs to the left and outputs 

to the right. 

 

3 Methodology 
 

The LCA was performed in accordance with: 

 

• The Method and guidance for undertaking life cycle assessment (LCA) of bioenergy products 
and projects (“the ARENA Method”) (Edge Environment; Life Cycle Strategies, 2017). 
Specifically, the ARENA Method’s requirements for commercialisation-stage LCAs were 
adhered to in the LCA study. 

• ISO 14040:2006 and ISO14044:2006+A1:2018 which describe the principles, framework, 
requirements for conducting an LCA (ISO, 2006; ISO, 2018). 

 

 Functional unit and system boundary 

The LCA models a system where RDF is isolated from Municipal Solid Waste (MSW) sorting streams 

from the Sydney area. The RDF is taken to Mt. Piper Power Station in Blackmans Flat, NSW. There it 

will be combusted, and the resulting ashes are stored in the Ash Placement Facility. 

 

The LCA runs from cradle-to-grave, which includes: 

 

• the collection and sorting of MSW, in compliance with ARENA’s rules for waste as feedstocks; 

• the transport of the resulting RDF to Mt. Piper; 

• the combustion of RDF; 

• the treatment of ash in Ash Placement Facility. 

The functional unit of this study is 1 MWh of electricity at the power plant.  

Re.Group and Energy Australia’s project predicts that the RDF will be combusted to pre-heat steam for 

the existing coal-fired boiler, resulting in less coal being used in the power station. This LCA does not 

model the impact intensity of the coal-only system presently used with a combined waste and coal 

system. Instead, it benchmarks the production of 1 MWh from RDF with 1 MWh from coal. 
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 Data sources and quality assessment 

Majority of foreground data for all processes were sourced from Re.Group. Foreground data was 

retrieved in consultation with Re.Group and EnergyAustralia from: 

 

• Engineering estimates provided by Re.Group and EnergyAustralia; 

• Environmental Impact Statement (EIS) for Mt. Piper Energy Recovery Project 

A list of foreground data sources and their geographic relevance to the project is provided in Table 1. 

The quality assessment of the foreground data is based on technical and geographic scopes.  

 

 

Table 1 – Foreground data – Mt. Piper Energy Recovery Project – sources and quality 

Stage Input/output Data source Quality 

RDF production 

Transport to 
Eastern creek 
Processing 
facility 

Average distance from known origin 
(Liverpool, Parramatta, Bankstown, 
City and Chatswood) and 
destination (Eastern creek, fuel 
preparation facility); estimated by 
Edge.  

High 

Feedstock- MSW Quantities provided by Re.Group. High 

Transport of RDF 
to power 
generation plant 

Travel distance, 
Eastern creek to 
Mt. Piper 

Distance estimated based on 
available travel routes between the   
origin and destination. 

High 

Power generation 
at Mt. Piper 

RDF 

Quantities provided by Re.Group. High 

Process Water 

Diesel 

Hydrate Lime 

Activated Carbon 

Urea Solution 

Ash disposal 

Travel distance, 
Mt. Piper power 
plant to Ash 

Placement Facility 
Quantities provided by Re.Group. High 

Process Water 

 

 

Generic data was used to model background processes. This data was sourced from AusLCI database 

(Australian National Life Cycle Inventory Database, AusLCI, version 1.31, 2019).  

 

In addition, Edge complied with the additional five criteria in selecting data for modelling:  

 

• Relevance: select sources, data, and methods appropriate to assessing the chosen product’s LCI.  

• Completeness: include all LCI items that provide a material’s contribution to a product’s life cycle 
emissions.  

• Consistency: enable meaningful comparisons in life cycle impact assessment (LCA) information.  

• Accuracy: reduce bias and uncertainty as far as is practical.  

• Transparency: when communicating, disclose enough information to allow third parties to make 
decisions.  
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 Allocation and system expansion 

Background processes were modelled using the AusLCI database within the SimaPro® LCA software 

(v9.1.1.1) and allocated using mass allocation (as per the standard approach in the AusLCI database). 

The approach to modelling background processes with the default allocation method of the AusLCI 

database (Australian National Life Cycle Inventory Database, AusLCI, version 1.31, 2019)  is compliant 

with the ARENA Method, which states that “generic data may be used for upstream processes” (refer 

to the ARENA Method, Section 2.6, page 20).  

Two by-products result from the LCA: recyclables at the point of sorting and ash from combustion. No 

allocation has been assigned to these by-products as a conservative approach (otherwise an avoided 

production credit) motivated by: 

 

• recyclables including various products and the collective fate of this output being uncertain; 

• uncertainty on the possibility of reusing ash from waste combustion construction, even if non-
hazardous. 

Foreground processes were modelled according to the hierarchy provided in the ARENA Method (Figure 

4). System expansion was used for the following products: 

 

• RDF: classified as a waste product per Table 5 of the ARENA Method, only transport of the 
waste product was modelled.1 The avoided impacts from landfilling a waste product was also 
modelled as per the alternate fate specified in Table 5 of the ARENA Method. 

 

 
Figure 4 – Allocation hierarchy (Source: The ARENA Method) 

Embodied impacts of capital equipment and infrastructure were excluded from the LCA because the 

production systems have an estimated lifespan greater than 10 years and because there are no 

significant investments in infrastructure required, this is in line with ARENA’s LCA guidance for 

bioenergy projects.  

 

As per ARENA’s LCA guidance for bioenergy projects when waste is used as a feedstock the 

environmental impacts associated with its handling and processing shall be included in the LCA. 

Furthermore, any avoided impacts from the reduction of landfilling the waste feedstock will be included 

in the LCA.  

 

 

 Modelling and impact categories 

The inventory data for the processes were entered in the SimaPro® LCA software (v9.1.1.1) and linked 

to the pre-existing background data for upstream feedstocks and services. The impact categories (Table 

2) were modelled in SimaPro® and the assessment methods comply with the ARENA Method’s 

guidance: “Characterisation models should be sourced from the Best Practice Guidance for Life Cycle 

Impact Assessment published by the Australian Life Cycle Assessment Society (ALCAS) or as stipulated 

in Appendix B”. 

 
1 Refer to Appendix for expected RDF composition. 

The allocation of impacts between individual products in multifunction processes shall follow the following 

hierarchy: 

• subdivision of processes; 

• allocation based on causal relationships of inputs and emission to output products; 

• system expansion for joint production, and 

• allocation based on energy content or economic value. 

The effects of alternative approaches to multifunctionality should be demonstrated in the commercialisation 

LCA. 
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The hierarchy adopted for determining the assessment methods is as follows: 

 
1. Assessment methods stipulated in the ALCAS Best Practice Guidance 

2. Assessment methods stipulated in the ARENA Method Appendix B 

3. Other recognised assessment methods 

Characterisation factors for the assessment methods can be provided upon request. 

 

 

Table 2 - Impact categories and assessment methods 

Impact category Measurement unit Assessment method Reference 

Climate change, fossil  kg CO2-eq 
IPCC 2013 GWP 100a 
v1.03 

ALCAS Best 
Practice and 
ARENA Method 

Climate change, 
biogenic 

kg CO2-eq 
IPCC 2013 GWP 100a 
v1.03 

ALCAS Best 
Practice and 
ARENA Method 

Fossil fuels resource 
depletion 

kg oil equivalents 
ReCiPe 2016 Midpoint 
(H) v1.12 

ARENA Method  

Fossil fuel energy use 
(net calorific value) 

MJ NCV 
CML-IA baseline (3.04) 
v4.2 

ALCAS Best 
Practice and 
ARENA Method 

Particulate matter 
formation 

kg PM 2.5 eq 
ReCiPe 2016 Midpoint 
(H) v1.1 

ARENA Method 

Eutrophication 
kg phosphate 
equivalent 

CML-IA baseline (3.04) 
v4.2 

ALCAS Best 
Practice and 
ARENA Method 

Photochemical 
oxidation 

kg C2H4 eq Photochemical Ozone 
Creation Potentials 
(POCP) in C2H4-eq 
based on CML-IA V4.8 
August 2016 

ALCAS Best 
Practice and 
ARENA Method 

Ozone layer depletion 
(ODP) 

kg CFC-11 eq World Meteorological 
Organisation (WMO) and 
defines ozone depletion 
potential of different 
gases (kg CFC-11 
equivalent/ kg emission) 

ALCAS Best 
Practice and 
ARENA Method 

Acidification kg SO2 eq European 
characterisation factors 
(Huijbregts, 1999) in kg 
SO2-eq based on CML-
IA V4.8 August 2016 

ALCAS Best 
Practice and 
ARENA Method 

Consumptive water use m3 H2O-eq 

Method of Ridoutt and 
Pfister (2010), with water 
stress indices of Pfister 
et al. (2009) 

ALCAS Best 
Practice and 
ARENA Method 

Land use kg C deficit 
ILCD 2011 Midpoint 
v1.09 

ARENA Method 

 
2 This assessment method complies with the ARENA Method Appendix B suggested characterisation factors as it contains the 

latest fossil energy carriers based on relative scarcity. While the ARENA Method references the previous version of ReCiPe we 

have used the latest version for the most up to date factors. 
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 Key assumptions 

A summary of the key assumptions and a discussion regarding their impact on the results is provided in 

Table 3. 

 

Table 3 - Key assumptions 

Description 
Potential 
impact on 

results 
Comment 

Adjusted 
impact 

considering 
further 

analysis 

Based on the available data, it 
was assumed that 30% of 
sorted MSW is recovered as 
RDF. 

Low 

This assumption was required for 
the purpose of modelling RDF-
based power generation system.  

 

N/A 

As per the ARENA Method, it 
was assumed that RDF would 
otherwise be landfilled, and 
the associated avoided 
impacts have been modelled.3 

Medium 

As RDF can only be originated from 
waste, it is not possible to consider 
this material as co-product for any 
sensitivity analysis. Therefore,  

the approach of ARENA Method on 
treating RDF as a waste product 
may be viewed as a conservative 
approach. 

Low 

 

 Critical review 

The ARENA Method states that: “An ISO 14044 compliant critical review of the commercialisation LCA 

shall be undertaken”. Jonas Bengtsson of Edge Environment conducted a critical review of the LCA 

report. Jonas is a Life Cycle Assessment Certified Practitioner (LCACP), as administered by Australian 

Life Cycle Assessment Society (ALCAS), therefore meeting the requirements of the ARENA Method. 

Please refer to Appendix B for the critical review report.  

 

 Sensitivity analysis 

The sensitivity of the LCA results was tested on the assumption that the ash will not be recovered for 

use in construction. The sensitivity analysis considered that the non-hazardous fraction of the ash is 

reused and that only the hazardous fraction goes to landfill.  

 

In this scenario, the benefit of avoided production of aggregates was considered4. Avoided production 

was calculated by: 

 

• identifying if the co-product being used in the energy system is the determining product; if it is, 
a substitute should be identified for each non-determining co-product; 

• the substitutes are then subtracted from the impacts of the co-producing system. 

 

4 Life cycle inventory 
 

The life cycle inventory (LCI) of the project and reference systems are presented in Table 4 and Table 

5, respectively. 

 

 
3 Unit process from AusLCI: Disposal, municipal solid waste, 22.9% water, to sanitary landfill/CH U/AusSD U 
4 Unit process from AusLCI: Sand, at mine/AU U 
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Table 4 - Life Cycle Inventory for 1 MWh RDF-based power generation system 

 Item Amount Unit Reference Background data 

Input Transport of 

MSW to sorting 

facility 

40.3 tkm 

Assumption: Average distance travelled is 32.7 km which is the 

average distance from Liverpool, Parramatta, Bankstown, City 

and Chatswood and Eastern creek, fuel preparation facility.  

Transport, municipal waste collection, lorry 21t/CH 

U/AusSD U 

MSW sorting 1230 kg 
Assumptions: 30% of sorted MSW is recovered as RDF; 

density of MSW is 348kg/m3. 
Proxy for sorting: Sorting comingle paper+cont./AU U 

Transport of 

RDF to Mt Piper 
108 tkm 

Assumption: 128 km between Eastern creek, fuel 

preparation facility and Mt. Piper Power Station 
Transport, lorry 16-32t, EURO4/RER U/AusSD U 

RDF combustion 

and associated 

emissions to air 

833 kg 
Annual power production is 240,000 MWh from 200,000 tonnes 

of RDF 

Emissions retrieved from: Disposal, municipal solid 

waste, 22.9% water, to municipal incineration/CH 

U/AusSD U 

Process water 

for power 

generation 

0.337 m3 
Re.Group and EnergyAustralia 

 
Input from nature 

Diesel oil 0.574 kg Re.Group and EnergyAustralia Diesel, at refinery/CH U/AusSD U 

Hydrated lime 15 kg Re.Group and EnergyAustralia Lime, hydrated, packed, at plant/CH U/AusSD U 

Activated carbon 0.667 kg 
Re.Group and EnergyAustralia Activated carbon, granular {GLO}| market for activated 

carbon, granular | Cut-off, U 

Urea solution 

(50%, w/w) 
15 kg 

Re.Group and EnergyAustralia Urea compounds, at plant/AU U and Water, 

completely softened, at plant/RER U/AusSD U (50/50, 

w/w) 

Process water 

for ash 

placement 

0.017 m3 
Re.Group and EnergyAustralia 

 
Input from nature 

Transport of ash 

from Mt. Piper 

plant to Ash 

Placement 

Facility 

0.298 tkm 
Assumption: 2.5 km between Mt. Piper plant and Ash 

Placement Facility 
Transport, lorry 16-32t, EURO4/RER U/AusSD U 
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 Item Amount Unit Reference Background data 

Output 

Recyclables, 

other products, 

and waste at 

sorting plant 

399 kg Mass balance MSW - RDF - 

Hazardous ash 32 kg Re.Group and EnergyAustralia 
Disposal, hard coal ash, 0% water, to residual material 

landfill/AT U/AusSD U 

Non-hazardous 

ash 
89 kg Re.Group and EnergyAustralia 

Disposal, hard coal ash, 0% water, to residual material 

landfill/AT U/AusSD U 

 

Table 5 - Life Cycle Inventory for 1 MWh coal-based electricity generation system5 

 Material Amount Unit Reference Background data 

Input Electricity from hard coal 1 MWh - 
Electricity, hard coal, at power 
plant/NORDEL U/AusSD U 

Output Hard coal plant emissions to air 1 MWh  Emissions retrieved from: 

Electricity, hard coal, at power 
plant/NORDEL U/AusSD U 

 

 

 
5 Detailed information on input can be found in Appendix. 
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5 Life cycle impact assessment 
 Results 

The results of the LCA study for the two functional units are presented in Table 6. The key findings are: 

The proposed model for energy recovery from RDF has a lower impact than electricity production from 

coal for all impact categories except Ozone layer depletion (ODP). The increase in ODP is attributed 

mainly to the processing of MSW into RDF. The increase of ODP is in the order of 10-5 for generating 1 

MWh electricity.  

  

Table 6 - Results of the ARENA commercialisation LCA for generating 1 MWh (considers that RDF is a waste 

product) 

Impact category  Measurement 
unit 

1 MWh 
from hard 

coal 

1 MWh 
from RDF 

%Project change 

Climate Change, Fossil kg CO2 eq 898 -270 -130% 

Climate Change, Biogenic kg CO2 eq -0.60 -145 N/A–large decrease 

Fossil fuel energy use MJ NCV 4629 1474 -68% 

Eutrophication kg PO4
--- eq 0.124 -1.50 -1304% 

Particulate matter PM 2.5 kg PM 2.5 eq 0.418 0.068 -84% 

Consumptive water use m3 eq 1.59 0.381 -76% 

Fossil fuel depletion kg oil eq 102 32.2 -68% 

Photochemical oxidation kg C2H4 eq 7.83E-02 -8.69E-02 -221% 

Ozone layer depletion (ODP) kg CFC-11 eq 2.90E-06 1.38E-05 376% 

Acidification kg SO2 eq 1.94 0.458 -76% 

Land Use kg C deficit 238 132 -45% 

 

 Interpretation 

The results of the LCA show that 1 MWh RDF-based power generation system performs better across 

all environmental impact categories assessed except ozone layer depletion, compared to an equivalent 

1 MWh coal-based power generation systems (Figure 5). There is an increase in ODP for RDF-based 

system, attributed primarily to the processing of MSW into RDF. The increase of ODP for RDF-based 

system is in the order of 10-5 for generating 1 MWh electricity. The biogenic carbon release from coal-

based system is insignificant and therefore, not comparable with RDF-based system. 
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Figure 5 – Disaggregated impacts hot spot analysis - 1 MWh of electricity generation using RDF. 

 

 
5.2.1 Total carbon flow 

A simple addition of GWP-fossil and GWP-biogenic does not yield GWP-total for bioenergy processes. 

GWP-fossil of the process accounts impacts from avoided GHG-fossil as well as avoided GHG-biogenic 

emissions while GWP-biogenic of the process accounts impacts from avoided GHG-biogenic emissions. 

There will be a double counting of avoided GHG-biogenic emissions if GWP-fossil and GWP-biogenic 

of the process are simply added. This double counting of avoided GHG-biogenic emissions was obviated 

in this LCA and the results show a 63% reduction in GWP-total emissions. The reduction in GWP-total 

emissions from hard coal-based power generation system to RDF-based system is 565 kg CO2 eq for 

producing 1 MWh electricity.  

 

 

 
5.2.2 Annualised results 

To allow for a comparison of the Mt Piper Energy Recovery Project with other ARENA funded projects, 

the LCA results have been presented in an annualised format in Table 7. These figures are based on 

an estimated annual electricity generation of 240,000 MWh per year. 
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Table 7 - Annualised results of LCA study (assumes an annual electricity generation of 240,000 MWh) 

Impact Category 
Measurement 

unit 

Annual Impact – 

Hard Coal 

Annual Impact - 

RDF 
Annual Variation 

Climate Change, Fossil kg CO2 eq 215,478,511  -64,907,147  280,385,658  

Climate Change, Biogenic kg CO2 eq -144,270  -34,739,291  34,595,022  

Fossil fuel energy use MJ NCV 1,111,062,864  353,757,909  757,304,955  

Eutrophication kg PO4
--- eq 29,813  -358,832  388,646  

Particulate matter PM 2.5 kg PM 2.5 eq 100,259  16,358  83,902  

Consumptive water use m3 eq 382,334  91,431  290,903  

Fossil fuel depletion kg oil eq 24,438,545  7,729,301  16,709,244  

Photochemical oxidation kg C2H4 eq 18,786  -20,854  39,641  

Ozone layer depletion (ODP) kg CFC-11 eq 0.696  3.318  -2.622  

Acidification kg SO2 eq 466,167  109,926  356,241  

Land Use kg C deficit 57,211,714  31,698,115  25,513,598  

 

The predicted annual savings from the Mt Piper Energy Recovery Project when compared to electricity 
production from coal are as follows: 

• 280,356 tonnes of CO2 eq (GWP-fossil) per year 

• 135,590 tonnes of CO2 eq (GWP-total) per year 

• 290,903 m3 of water equivalent per year 

• 83,902 kg PM 2.5 particulate matter per year 

 

 

 

 

 

 

 Hotspot analysis 

A hotspot analysis of the key life cycle stages of RDF-based power generation system suggests that the 

environmental impact hotspots are in the ‘MSW collection and pre-treatment’ and ‘Combustion & 

Electricity Generation’ stages (Table 8, refer to red shaded cells for key sources of impact).  

 

Key sources of impact in the MSW collection and pre-treatment category are the transport of MSW to 

sorting facility and the sorting of MSW to recover RDF. For the ‘Combustion & Electricity Generation’ 

stage, the key impact is due to actual the combustion process of RDF. 

 

The avoided impact from landfill of RDF contributes a biogenic carbon benefit to the RDF-based power 

generation system. This is due to the avoidance of biogenic methane, which is a result of landfilling 

organic matter, i.e., the anaerobic decomposition of RDF organic matter in landfill. 

 

 

 

Note: The greenhouse gas (GHG) assessment (Appendix W of the EIS) also contains a figure for 
annual GHG emissions savings for the project. We note this figure (188,000 t CO2  eq/ year) is higher 
than the figures presented in this LCA, due to the different methodology and baseline scenario used. 
It is not appropriate to use the same assumptions for this LCA, due to the requirements of the ARENA 
methodology. 
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Table 8 - 1 MWh of electricity using RDF – disaggregated impacts hot spot analysis 

Impact 
Category 

Measurement 
Unit 

MSW collection 
and pre-treatment 

Transport of 
RDF 

Combustion & 
Electricity 
Generation 

Ash  
Placement 

Climate Change, 
Fossil 

kg CO2 eq 8.58E+01 1.96E+01 4.19E+02 1.27E+00 

Climate Change, 
Biogenic 

kg CO2 eq 1.97E-02 3.19E-03 6.03E+02 2.89E-04 

Fossil fuel 
energy use 

MJ NCV 1.16E+03 2.74E+02 2.84E+02 3.65E+01 

Eutrophication kg PO4
--- eq 7.76E-02 1.49E-02 4.66E-01 6.72E-02 

Particulate 
matter PM 2.5 

kg PM 2.5 eq 
7.10E-02 1.04E-02 1.19E-02 8.98E-04 

Consumptive 
water use 

m3 eq 
1.02E-01 5.49E-02 4.00E-01 5.45E-02 

Fossil fuel 
depletion 

kg oil eq 
2.52E+01 5.99E+00 6.22E+00 7.97E-01 

Photochemical 
oxidation 

kg C2H4 eq 
1.38E-02 2.06E-03 8.32E-03 2.52E-04 

Ozone layer 
depletion (ODP) 

kg CFC-11 eq 
1.19E-05 2.74E-06 1.26E-06 4.01E-07 

Acidification kg SO2 eq 3.56E-01 6.50E-02 1.11E-01 3.71E-03 

Land Use kg C deficit 1.69E+02 4.13E+01 9.24E+00 3.69E+01 

 

 Sensitivity analysis 

Using non-hazardous ash as a feedstock for building material manufacture influences the results of the 

LCA due to the avoided production of Sand. The results of the sensitivity analysis are provided in Table 

9 - Life cycle impact assessment results of generating 1 MWh from RDF if the non-hazardous ash is 

reused in the manufacture of building materials The variation column in Table 9 indicates percent 

reduction in environmental impacts compared to the energy recovery from RDF base case. Reductions 

range from 0% to 41%. 

 

Table 9 - Life cycle impact assessment results of generating 1 MWh from RDF if the non-hazardous ash is reused 

in the manufacture of building materials 

Impact category  Measurement 
unit 

1 MWh from RDF 
with reuse of ash 

%Variation 

Climate Change, Fossil kg CO2 eq -272 -0.45% 

Climate Change, Biogenic kg CO2 eq -145 0.00% 

Fossil fuel energy use MJ NCV 1446 -1.9% 

Eutrophication kg PO4--- eq -1.54 -3.3% 

Particulate matter PM 2.5 kg PM 2.5 eq 0.067 -1.1% 

Consumptive water use m3 eq 0.225 -41% 

Fossil fuel depletion kg oil eq 31.6 -1.9% 

Photochemical oxidation kg C2H4 eq -8.71E-02 -0.26% 

Ozone layer depletion (ODP) kg CFC-11 eq 1.35E-05 -2.1% 

Acidification kg SO2 eq 0.454 -0.92% 

Land Use kg C deficit 105 -21% 
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 Completeness and consistency 

ISO 14044 requires a check for completeness to “ensure that all relevant information and data needed 

for the interpretation are available and complete”. The key information and data considered relevant for 

the interpretation is listed and cross-referenced to different sections of the report in Table 10. 

 

Table 10 – Completeness check - key information and data 

Information Cross-reference 

Functional unit Section 3.1 

System diagram Section 2.1 

Allocation and system expansion Section 3.3 

Impact categories and assessment methods  Section 3.4 

Life cycle inventory Section 4 

Carbon balance Section 5.2.1 

Assumptions Section 3.5 

Results Section 5.1 

 

 

ISO 14004 also requires a check for consistency, to “determine whether the assumptions, methods and 
data are consistent with the goal and scope”. Table 11 presents a discussion of the consistency of the 
LCA study with the goal and scope. 

 

Table 11 – Consideration of LCA study consistency 

Aspect Discussion 

Assumptions The key assumptions of the LCA study are presented in Section 3.5. The ‘medium’ 
level assumption regarding treating RDF as a waste product is consistent with the 
study goal, which is to produce an LCA consistent with the ARENA Method. This 
assumption is also downgraded to a ‘low’ level based on the results of the 
sensitivity analysis. 

Methods The LCA study method is aligned with the ARENA Method and therefore 
consistent with the study goal. 

Data The data sources were presented and assessed for their quality in section 3.2. 
Most foreground data were project-specific in terms of geographic scope. The 
data was considered consistent with the goal and scope of the LCA study. 

 

 

6 Improvement plan 
The following recommendations are made to reduce the environmental impact of RDF-based power 

generation system: 

 

• Consider improvement of operation control in fuel processing facility to obtain higher recovery 
of RDF from MSW. 

• Explore use of renewable energy for converting MSW into RDF, including the sorting facility. 

• Consider alternative applications of ash produced from the combustion system. 

• Optimise waste sorting and consider shorter sourcing distances for MSW. 
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Appendix  
Expected RDF composition 

The expected composition of RDF is presented in table A1. It is to be noted that the composition may 

vary as the waste stream from which it is derived is subject to change due to changes in economic 

activity, climate, product packaging, and consumer behaviour.6 

 

Table A1 – Expected RDF composition 

Element Composition range  Unit 

Carbon 45%-65% %w dry basis 

Hydrogen 5%-8% %w dry basis 

Oxygen 20%-30% %w dry basis 

Sulphur 0.05%-0.5% %w dry basis 

Nitrogen 0.3%-1.2% %w dry basis 

Chlorine 0.5%-1.0% %w dry basis 

Fluorine 0-0.05% %w dry basis 

 

Boiler emissions for Mount Piper Energy Recovery Project used for LCA modelling.  

Data for boiler emissions to air for the Mount Piper Energy Recovery Project is sourced from AusLCI 

v1.31 database’s background process – Disposal, municipal solid waste, 22.9% water, to municipal 

incineration/CH U/AusSD U. Detailed inventory of these emissions is provided in Table A2. 

 

Table A2 – Boiler emissions for Mt. Piper Energy Recovery project based on AusLCI v1.31 database 

Emissions to air Value Unit 

Carbon monoxide, biogenic 1.12E-01 

kg per MWh of electricity 

Carbon monoxide, fossil 7.35E-02 

Carbon dioxide, biogenic 6.02E+02 

Carbon dioxide, fossil 3.95E+02 

Methane, biogenic 3.22E-03 

Methane, fossil 2.11E-03 

Sulfur dioxide 3.72E-03 

Nitrogen oxides 8.28E-02 

Ammonia 2.07E-03 

Dinitrogen monoxide 1.10E-02 

Cyanide 2.34E-03 

Phosphorus 7.45E-04 

Boron 7.19E-01 

Hydrogen chloride 5.53E-02 

Bromine 3.39E-02 

Hydrogen fluoride 2.47E-02 

Iodine 1.09E-07 

 
6 The expected RDF composition and associated information about its variability is sourced from the Environmental Impact 

Statement of the Mt. Piper Project, which is available here.  

https://majorprojects.planningportal.nsw.gov.au/prweb/PRRestService/mp/01/getContent?AttachRef=SSD-8294%2120191210T090236.036%20GMT
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Emissions to air Value Unit 

Silver 7.73E-06 

Arsenic 5.32E-09 

Barium 3.00E-02 

Cadmium 5.31E-04 

Cobalt 3.56E-08 

Chromium 3.42E-06 

Copper 4.07E-03 

Mercury 3.39E-08 

Manganese 1.17E-06 

Molybdenum 3.26E-03 

Nickel 1.96E-06 

Lead 9.42E-03 

Antimony 4.57E-08 

Selenium 9.67E-10 

Tin 6.22E-02 

Vanadium 7.67E-04 

Zinc 1.34E-02 

Silicon 3.02E+01 

Iron 2.33E-01 

Calcium 1.22E+01 

Aluminium 9.92E+00 

Potassium 5.16E+00 

Magnesium 2.87E+00 

Sodium 7.43E+00 

Heat, waste 8.83E+06 MJ per MWh 

 

Inventory data and emissions to air for electricity generated from hard coal. 

Key inventory information and emission to air for electricity generation from hard coal is provided in 

Table A3 and Table A4.7 

 

Table A3 – Detailed input information for electricity generation from hard coal 

Inputs Value Unit 

Resources   

Water, cooling, unspecified natural origin/m3 3.03E+01 m3 per MWh 

Materials/fuels 

  

Hard coal power plant/RER/I U/AusSD U 1.13E-08 p per MWh 

Hard coal supply mix/DE U/AusSD U 3.73E+02 kg per MWh 

Chlorine, liquid, production mix, at plant/RER U/AusSD U 8.66E-02 kg per MWh 

Light fuel oil, at regional storage/RER U/AusSD U 1.47E-01 kg per MWh 

Water, completely softened, at plant/RER U/AusSD U 5.20E+01 kg per MWh 

 
7 Sourced from Australian National Life Cycle Inventory Database, AusLCI, version 1.31, 2019 
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Inputs Value Unit 

Water, decarbonised, at plant/RER U/AusSD U 1.30E+03 kg per MWh 

SOx retained, in hard coal flue gas desulphurisation/RER U/AusSD U 3.81E+00 kg per MWh 

NOx retained, in SCR/GLO U/AusSD U 1.68E+00 kg per MWh 

Transport, freight, rail/RER U/AusSD/Link U 4.17E+00 tkm per MWh 

 

Table A4 – Emissions to air electricity generation using hard coal – sourced from AusLCI v1.31 database 

Emissions to air Value  Unit 

Heat, waste 5.11E+02 MJ per MWh 

Antimony 7.81E-08 kg per MWh 

Arsenic 3.01E-07 kg per MWh 

Barium 5.19E-06 kg per MWh 

Benzene 2.17E-04 kg per MWh 

Benzo(a)pyrene 2.00E-10 kg per MWh 

Boron 2.12E-04 kg per MWh 

Bromine 8.48E-05 kg per MWh 

Butane 1.90E-05 kg per MWh 

Cadmium 9.06E-08 kg per MWh 

Carbon dioxide, fossil 9.40E+01 kg per MWh 

Carbon monoxide, fossil 8.00E-03 kg per MWh 

Chromium 2.11E-07 kg per MWh 

Chromium VI 2.61E-08 kg per MWh 

Cobalt 1.83E-07 kg per MWh 

Copper 9.03E-07 kg per MWh 

Dinitrogen monoxide 3.90E-03 kg per MWh 

Dioxin, 2,3,7,8 Tetrachlorodibenzo-p- 7.00E-12 kg per MWh 

Ethane 4.10E-05 kg per MWh 

Formaldehyde 5.80E-05 kg per MWh 

Hydrocarbons, aliphatic, alkanes, unspecified 2.19E-04 kg per MWh 

Hydrocarbons, aliphatic, unsaturated 2.16E-04 kg per MWh 

Hydrogen chloride 3.60E-03 kg per MWh 

Hydrogen fluoride 2.74E-03 kg per MWh 

Iodine 1.59E-05 kg per MWh 

Lead 6.24E-06 kg per MWh 

Lead-210 7.51E-04 kBq per MWh 

Manganese 2.58E-06 kg per MWh 

Mercury 1.48E-06 kg per MWh 

Methane, fossil 1.00E-03 kg per MWh 

Molybdenum 1.59E-07 kg per MWh 

Nickel 1.72E-06 kg per MWh 

Nitrogen oxides 6.13E-02 kg per MWh 

PAH, polycyclic aromatic hydrocarbons 1.00E-06 kg per MWh 

Particulates, < 2.5 um 2.72E-03 kg per MWh 
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Emissions to air Value  Unit 

Particulates, > 10 um 5.16E-03 kg per MWh 

Particulates, > 2.5 um, and < 10um 3.20E-04 kg per MWh 

Pentane 1.47E-04 kg per MWh 

Polonium-210 1.37E-03 kBq per MWh 

Potassium-40 1.61E-03 kBq per MWh 

Propane 3.50E-05 kg per MWh 

Propene 1.60E-05 kg per MWh 

Radium-226 1.94E-04 kBq per MWh 

Radium-228 1.95E-04 kBq per MWh 

Radon-220 2.73E-01 kBq per MWh 

Radon-222 4.85E-01 kBq per MWh 

Selenium 4.42E-06 kg per MWh 

Strontium 7.75E-07 kg per MWh 

Sulfur dioxide 1.30E-01 kg per MWh 

Thorium-228 1.05E-04 kBq per MWh 

Thorium-232 1.65E-04 kBq per MWh 

Toluene 1.09E-04 kg per MWh 

Uranium-238 1.62E-04 kBq per MWh 

Vanadium 5.20E-07 kg per MWh 

Xylene 9.22E-04 kg per MWh 

Zinc 4.54E-06 kg per MWh 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 


