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Disclaimer
The document outlines the key requirements for consultants, contractors and officers of the Public Transport Authority and METRONET Office to ensure alignment of methodology and scope for Lifecycle Assessments across all METRONET projects. 

Successful management of sustainability is the responsibility of the consultants/ contractors employed by METRONET Office and/or the Public Transport Authority whom adopt this specification.
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[bookmark: _Toc467245765][bookmark: _Toc467245823][bookmark: _Toc50129515][bookmark: _Toc508784672][bookmark: _Toc44425481]Introduction
The METRONET Program (METRONET) combines transport and land use planning and project delivery to provide for more sustainable and responsible growth and development for Perth. Sustainable development as a concept is broadly defined as “development that meets the needs of the present without compromising the ability of future generations to meet their own needs” (WCED, 1987).
METRONET creates an opportunity to transform Perth through an expanded rail network that will see urban intensification in more than 5000ha of land within walking distance of new stations, supporting the delivery of the State’s metropolitan growth strategy Perth and Peel @ 3.5 million (WAPC, 2018a).
METRONET recognises the importance of considering sustainability to deliver against its overarching vision and to deliver projects in an economically, socially and environmentally responsible manner.
1.1 [bookmark: _Toc48036071][bookmark: _Toc50044022][bookmark: _Toc50129516]Purpose and Scope
This Life Cycle Assessment (LCA) Specification has been prepared by the METRONET Office to specify the technical requirements that a Project must adopt when undertaking a LCA to model and measure resource, energy and water impacts. 
Additionally it aims to align with the requirements of the Infrastructure Sustainability (IS) rating scheme and Green Building Council (GBCA) rating scheme for the resource use (materials), resource efficiency (waste) and the energy and water credits. This is relevant to Transport Infrastructure being designed and delivered through the METRONET Lead Agency, Public Transport Authority (PTA).
This document outlines the proposed approach for projects to undertake a life cycle assessment (LCA). 
This guideline is based on the following standards with some adaptations for infrastructure:
EN 15643-5 Sustainability assessment of buildings and civil engineering Works - Part 5: Framework on specific principles and requirement for civil engineering works
ISO 14044 Life Cycle Assessment - Requirements and guidelines
EN 15804 Sustainability of construction works - Environmental product declarations - Core rules for the product category of construction products
EN 15978 Sustainability of construction work - Assessment of environmental performance of buildings - Calculation method
The approach described in this document aligns with the aim to reduce life cycle environmental impacts of materials. For Projects being formally verified buy a third party rating schemes, this specification does not replace the requirement/s of Projects to gain formal approval of proposed LCA approaches and tools from appointed rating scheme verifiers. 
This document should be read in conjunction with the METRONET Base Case Framework. 
[bookmark: _Toc50129517]Background LCI Data
The outputs from the LCA tools used should be compliant with international standards above. For alignment AusLCI should be used for the LCI Data Source. 

[bookmark: _Toc42256494][bookmark: _Toc50129518]Scoping the LCA Study
The LCA study for the project must be conducted in accordance with the following standards:
· EN 15643-5:2017: Sustainability of construction works - Sustainability assessment of buildings and civil engineering works - Part 5: Framework on specific principles and requirement for civil engineering works
· EN 15978:2011 - Sustainability of construction works. Assessment of environmental performance of buildings. Calculation method (to the practical extent that this building oriented standard can be applied to the infrastructure project)
· ISO 14040:2006 - Environmental management — Life cycle assessment — Principles and framework
· ISO 14044:2006 - Environmental management — Life cycle assessment — Requirements and guidelines
The study must address the direct and indirect potential environmental impacts associated with the construction works of the project.


[bookmark: _Toc50129519]System Boundary
The LCA models shall reflect the design specification and include all materials, accurate quantities, and replacement intervals. Note that Modules C (End-of-Life impacts) as well as D (Benefits and Loads beyond the system boundary) are excluded from the rating tools such as the IS Material Calculator but are required if undertaking a LCA to ensure the assessment is both holistic and gives robust conclusions.
[image: ]Full definition of the life cycle stages is included in Appendix A.  
[bookmark: _Ref42607947]Figure 1: System Boundary for the LCA study, adapted from EN 15643-5:2017.  
The system boundary must include the life cycle modules as defined in EN 15643-5:2017, and detailed in the below sections.
[bookmark: _Toc50129520]Pre-construction
· A1-A3 Product Stage: covers the 'cradle to gate'  processes for the materials and services  used in the construction;
[bookmark: _Toc50129521]Construction 
· A4 Transport: relates to the impacts associated with the transport of materials and equipment from suppliers to site during construction.
· A5 Installation: covers all impacts that occur during the construction works (e.g. construction equipment, temporary works, onsite production, fuel burn)
[bookmark: _Toc50129522]Operations and Maintenance
· B1: Infrastructure Use, 
· B2 - Maintenance, B3 - Repair and B5 - Refurbishment, must be included when accurate information can be provided by industry or asset operators.
· B4 - Replacement, replacement should be based on the asset design life.
· B6 Operational Energy use: power and fuel use resulting from the operation and maintenance of the infrastructure (excluding rail car operation)
· B7 Water Use: includes all water used and its treatment (pre- and post-use) during the normal operation of the infrastructure.
· C1-4 Deconstruction, Demolition, waste transport, waste processing, disposal
· D Benefits and loads beyond the system boundary such as recovery and recycling or energy exports.
[bookmark: _Toc50129523]Possible Scope Extension 
· A0 – Preliminary studies, consultations and costs 
· B8 – User’s Utilisation e.g. rail car operation/operational road traffic impacts due to mode shifts



[bookmark: _Toc50129524]Environmental Indicators
The environmental indicators listed in Table 1 must be reported as characterised values.  
Table 1: Required LCA environmental indicators
	Environmental Indicator
	Unit
	Characterisation Method

	Global Warming Potential, GWP
	kg CO2 eq
	Global Warming Potentials (GWP) for a 100 year time horizon, as per IPCC Fourth Assessment Report (IPCC,  2007)1

	Ozone Depletion Potential, ODP
	kg CFC-11 eq
	CML-IA baseline V4.8 Ozone Depletion Potential (ODP) factors published by the World Meteorological Organisation

	Acidification Potential for Soil and Water, AP
	kg SO2 eq.
	CML-IA baseline V4.8 Change in critical load exceedance, currently based on European characterisation factors 

	Photochemical Ozone Creation Potential, POCP
	kg ethylene
	CML-IA V4.8 Photochemical Ozone Creation Potentials 

	Abiotic Depletion Potential - Elements, ADPE
	kg Sb eq.
	CML-IA baseline V4.8 Absolute Reserves (note the deviation from ALCAS recommendation of currently economic reserves and rate of de-accumulation)

	Abiotic Depletion Potential - Fossil Fuels, ADPF
	MJ
	CML-IA baseline V4.8 Abiotic depletion of fossil fuels based on energy content (lower heating value). 

	Resource depletion - water
	kL Potable water use 
kL Non-potable water use
	Volume of water utilised during A5 Construction and B7 Water Use Module.

	Waste
	t waste landfilled
t waste diverted from landfill
	Weight of waste material created, transported, processed or disposed of disposal utilised during A5 Construction and C1-4 End of Life. 



[bookmark: _Toc42256499]It is noted that more recent greenhouse gas characterisation factors have been published in the IPCC Fifth Assessment Report (IPCC, 2013a). However, the earlier factors from the Fourth Assessment Report are recommended to be consistent with those required in Australian National Greenhouse Gas accounting agreements. 
[bookmark: _Toc50129525]Additional Environmental Indicators.
Although not a requirement for project LCAs it should be noted that some rating schemes, such as Green Star, award additional points if additional impacts, as detailed in Table 3 are reported. 



Table 3: Additional LCA Environmental Indicators
	Environmental Indicator
	Unit
	Characterisation Method

	Human Toxicity
	CTUh
	USEtox – sum of canceer and noncancer effects

	Land Use
	Land Transportmation Mg C ha
	Soil Organic Matter method (Mila / Canals at al 2007)

	Resource depletion - water
	m³ water use related to local scarcity of water
	Water Stress Indicator 

	Ionising
	kBq U-235 eq
	Human Health Effect Model

	Particulate Matter
	kg PM2.5 eq
	RiskPoll



[bookmark: _Toc50129526]Cut off Criteria
The EN15978 cut-off criteria must be used to ensure that all relevant potential environmental impacts are appropriately represented:
Mass – if a flow is less than 1% of the mass at either a product-level or individual-process level, then it has been excluded, provided its environmental relevance is not of concern.
Energy – if a flow is less than 1% of the energy at either a product-level or individual-process level, then it has been excluded, provided its environmental relevance is not a concern.
The total of neglected input flows per module, e.g. per module A1-A3, A4-A5, B1-B5, B6-B7, C1-C4 and module D shall be a maximum of 5% of energy usage and mass.
Environmental relevance – if a flow meets the above criteria for exclusion, but is considered to potentially have a significant environmental impact, it has been included. All material flows which leave the system (emissions) and whose environmental impact is higher than 1% of an impact category, have been included.
The Operational Guidance for Life Cycle Assessment Studies (Wittstock et al. 2012) states:
The apparent paradox is that one must know the final result of the LCA (so one can show that the omission of a certain process is insignificant for the overall results) to be able to know which processes, elementary flows etc. can be left out.
A pragmatic approach to demonstrating adherence to the cut off rules is to test compliance rather than prove it by modelling smaller inputs until confidence is gained that the criteria is safely met.
[bookmark: _Toc50129527]Allocation
Allocation rules follow those of EN15804 as given below:
Allocation will respect the main purpose of the studied processes. If the main purpose of combined processes cannot be defined (e.g. combined mining and extraction of nickel and precious metals), economic allocation may be used to divide resources and emissions between the products.
The principle of modularity is maintained. Where processes influence the product’s environmental performance during its life cycle, they will be assigned to the module where they occur.
The sum of the allocated inputs and outputs of a unit process are equal to the inputs and outputs of the unit process before allocation. This means no double counting of inputs or outputs is permissible.
[bookmark: _Toc50129528][bookmark: _GoBack]Transparency
The LCA report must be prepared in accordance with the cited standards and enable the independent reviewer to identify deviations from the standards.  
The report should list quantities of all key inputs to the model including:
· Element Level Quantities of Water: potable and non-potable water use (kL) during construction and anticipated annual use as well as whole of operational life use (preferably itemised by element and life cycle stage)
· Element Level Energy: energy (kWh, MJ or other appropriate unit such as kilolitres of diesel) or hours of equipment use during construction and anticipated annual use and whole of operational life use
· Element Level Quantities of Materials: initial installed mass (tonnes) and additional mass installed during operational life, as itemised by component and life cycle stage, plus mode of transport and distance from manufacturer to site.
· Component Level Quantities (from which the material quantities were derived), for example: 
· For road projects the component level quantities may include the area of the various pavement designs, the linear metres of barriers, the number of streetlights etc
· For rail projects the component level quantities may include the linear metres of rail, the number of sleepers, the linear metres of security fencing, the number of electric transmission masks (for electric rail) etc

[bookmark: _Toc50129529]Quality Assurance and Independent Review
Quality assurance must be demonstrated with an independent review as per ISO 14044. The reviewer must be competent as defined as follows: 
Be recognised as a qualified LCA practitioner by the Australian Life Cycle Assessment Society (or similar organisation) OR
Have completed at least 5 independently reviewed ISO 14044 compliant construction project LCAs in the last 5 years
The review must specifically address the following data quality requirements: 
Temporal Relevancy (up to date) 
Geographical Relevancy
Completeness
Consistency
Precision
Technological Relevancy
Reproducibility
The data quality assessment should address both the background LCI Source/s as well as the inventory collection (e.g. the project team's inputs).


[bookmark: _Toc50129530][bookmark: _Toc44425486]LCA Reporting
For projects which include both rail and station infrastructure LCAs must present impacts at sub-level stage as identified in Figure 2 below.

Figure 2: Required LCA segregation of impacts
[bookmark: _Toc50129531]Accounting for Environmental Initiatives
Each of the LCA sub models detailed in Figure 2 above are to be split between construction and operation (annual forecast and aggregation over whole of life) and report the following impact categories as a minimum:
Embodied material impacts identifying unit quantities per material type and embodied carbon in tCO2-e,
Water use impacts in kL for embodied water and directly consumed water (potable vs non-potable),
Energy impacts in kWh for electricity, kL for fuel and GJ for gas and overall tCO2-e for Scope 1, 2 and 3 emissions,
Waste impacts in tonnes produced vs tonnes diverted from landfill.
Environmental initiatives must be modelled individually, and their equivalent environmental savings each quantified for transparency. The environmental savings for each initiative (and the overall design outcome) must be stated in percentage (%) impact reduction in Global Warming Potential (GWP). 
[bookmark: _Toc50129532]Opportunity Identification
A life cycle design process should be utilised as a decision making tool to help inform the design team on the selection of significant areas to reduce impact. In practice the LCA is to identify the top opportunities to be explored during future design development in each of the following LCA impact categories:
Embodied material impacts, 
Water use impacts (embodied and direct potable/non-potable),
Energy use impacts (Scope 1, 2 and 3),
Waste impacts (tonnes produced vs tonnes diverted from landfill)
The LCA will allow projects to enable a more coherent approach to decision making during design, allowing environmental life cycle impacts to be quantified and considered alongside cost. It will allow projects to energy, water, material and waste impacts to be considered side by side, rather than in silos.
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[bookmark: _Toc50129534]Appendix A – Life Cycle Stage Definitions
EN 15643-5:2017 Definitions the life cycle stages and modules:
a) Before use stage (Modules A0 to A5)
A0 - represents the pre-construction stage (preliminary studies and works, e.g. impact assessments, surveys etc.);
A1 to A3 - represent the production stages (material extraction, transport, manufacturing and acquisition);
A4 to A5 - represent the construction process stage including transportation of materials to site up to the point of final handover.
b) Use stage (Modules B1 to B7)
B1 to B5 - represent the impacts that arise as a consequence of the civil engineering works being in place;
B6 to B7 - represent operational energy and water flows of the civil engineering works and impacts from processes specific to civil engineering works asset and site in operation;
B8 - represents the impacts that arise as a consequence of the use of the asset (user’s utilization impacts of the civil engineering works.
Note1. In case of an energy production facility, the impacts related to the use of the facility for its primary function (energy production) are reported in module B8. Energy used to operate the facility is reported in module B6.
Note 2. To access the economic performance of some projects, it is essential to invoice revenues in the assessment. For example, civil engineering works integrating renewable energy installations cannot be justified on economic performance without taking into account revenue from the energy generated and any avoided energy costs arising from the renewable energy source.
c) End of life stage (Modules C1 to C4)
C1 - represents the impacts from deconstruction or decommissioning of the civil engineering works;
C2 to C4 - represent the impacts from waste management process, including its transport from the deconstruction site to the point where end of waste state is reached, including final disposal.
d) Benefits and loads beyond the system boundary (Module D)
Module D - shall include any avoided impacts related to the inclusion of additional functions (i.e. not included in the functional equivalence) which shall be detailed reported;
Optionally, this module may also include the potential for re-use, recovery and recycling of materials and/or energy recovery beyond the system boundary.
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