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Abbreviations

Abbreviation | Description

AC Alternating current, regarding the type of electrical current

AER All-electric range

ADF Abiotic Depletion Factor, determined as the amount of extracted materials
compared to the concentration of reserves and rate of de-accumulation from
these reserves

ADR Australian Design Rules, which are national standards for vehicle safety, anti-
theft and emissions

BEV Battery electric vehicle

CzH: Acetylene, as the equivalent unit of measure for photochemical oxidant
formation in this study

CML Institute of Environmental Sciences, an institute of the Faculty of Science of
Leiden University

Co Carbon monoxide

CO2e Carbon dioxide equivalent

CTU. Comparative toxic units, a unit of measure for ecotoxicity impacts used in this
study, which estimates the potentially affected fraction of species

CTUn Comparative toxic units, a unit of measure for human toxicity impacts used in
this study, which estimates the increase in morbidity in the total human
population

DC Direct current, regarding the type of electrical current

EECA Energy Efficiency and Conservation Authority of New Zealand

EURO 5 A designation for a European emission standard, defining the acceptable limits
for exhaust emissions of new vehicles sold in Europe

EV Electric vehicle

GWP Global warming potential, a relative measure of how much heat is trapped by a
type of gas, compared to carbon dioxide

ICE Internal combustion engine

IEA International Energy Agency

ILCD International Reference Life Cycle Data System

ISO International Organization for Standardization

LCA Life cycle assessment

LCI Life cycle inventory

LFP Battery type: Lithium iron phosphate

LMO Battery type: Lithium manganese oxide

LTO Battery type: Lithium titanate

MJ LHV Energy measured in megajoules, particularly the lower heating value (LHV)
which assumes water is vaporised at the end of combustion, as the equivalent
unit of measure for cumulative energy demand in this study

NiMH Battery type: Nickel metal hydride

NOx Nitrogen oxides
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Abbreviation | Description

NMC Battery type: Lithium nickel manganese cobalt oxide

NMVOCs Non-methane volatile organic compounds

NZ New Zealand

OECD Organisation for Economic Co-operation and Development

PEV Plug-in electric vehicle

PHEV Plug-in hybrid electric vehicle

PM2s Particulate matter less than 2.5um in diameter by size, as the equivalent unit of
measure for particulate matter in this study

PM1o Particulate matter less than 10pum in diameter by size

POFP Photochemical ozone formation potential

RUCs Road user charges

Sh Antimony, as the equivalent unit of measure for mineral depletion in this study

SO, Sulfur dioxide, as the equivalent unit of measure for air acidification in this
study

UDDS Urban Dynamometer Driving Schedule

UNECE United Nations Economic Commission for Europe

us United States of America

VOC Volatile organic compounds
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1 Introduction

1.1 Overview

Electric vehicles (or plug-in electric vehicles as referred to in this study) have
generated significant interest in New Zealand, especially among motoring
enthusiasts, sustainable transport advocates and energy providers.

Generally regarded as a low-emission vehicle technology, plug-in electric vehicles
(PEVs) are well-known for their reduced on-road emissions relative to
conventional vehicles, as they use electricity stored in an on-board battery for
propulsion. Much of New Zealand’s electricity is generated from renewable
sources (such as hydro power) and the carbon intensity of the grid is low. As a
result, PEVs seem especially appealing in the New Zealand context as they
promise to reduce emissions from the road transport sector.

Yet it is not just the operation of a motor vehicle that needs to be considered when
its overall impact upon the environment and upon human health is to be assessed.
“Life cycle assessments”, which consider the entire journey from raw material
extraction, through manufacture, shipping and operation to eventual disposal,
have become commonplace overseas, and many of these have shown that PEVs
can stack up favourably when compared to their conventional counterparts.
However, no such study has yet been undertaken in New Zealand. To give an
accurate reflection of the impact of these vehicles applied to the local context,
factors such as the list below must be considered:

e where do they come from (and how are they made)?
e how they will be driven?
e what will happen to them at end of their usable life?

o what will be their ecological impact during use (whilst being driven)?

To address a potential information gap, New Zealand’s Energy Efficiency and
Conservation Authority (EECA) has asked expert consultants Arup and Verdant
Vision to prepare this life cycle assessment (LCA) comparing the environmental
impacts of PEVs to conventional vehicles.

1.2 LCA approach

A life cycle assessment (or LCA) is a technique for assessing potential impacts,
including upon the environment and human health and well-being, associated with
a product, system or service. Commonly referred to as a “cradle-to-grave” study,
an LCA reviews the full range of impacts from the beginning to the end of a
product’s life by:

e compiling an inventory of relevant inputs and outputs of a product system;

e evaluating the potential environmental and human health impacts associated
with those inputs and outputs; and
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e interpreting the results of the inventory analysis and impact assessment phases
in relation to the objectives of the study.

An LCA approach to the measurement of environmental impacts differs from
other environmental management approaches in that its focus is upon the
measurement and calculation of impacts normalised per unit of output.

Figure 1 Typical life cycle assessment (LCA) of a product’s life!

The scope of the LCA is to compare the life cycle impacts of the vehicle
technology types below and outlined in Section 2.3:

e conventional petrol engine vehicle;
e conventional diesel engine vehicle;
e Dbattery electric vehicle (BEV); and
e plug-in hybrid electric vehicle (PHEV).

Based on information collected in the New Zealand vehicle market, a
representative vehicle is used to provide a like-for-like comparison of each of the
four technologies considered (without naming a specific product or brand). While
there is ample data available in the public domain to characterise conventional
petrol and diesel engine vehicles, there is limited data available for BEVs and
PHEVSs, given how new these are to the marketplace. For this reason, some
aspects of the data used to characterise BEVs and PHEVSs in this LCA rely upon
industry-based assumptions — these are described in detail in Sections 0 and 4.

The LCA and technical report have been undertaken to comply with International
Standards concerning the various phases of an LCA.

! European Technology Platform on Advanced Engineering Materials and Technologies (EuMaT) (2015) Work Group 5:
Life cycle, Impacts, Risks, accessible at http://www.eumat.eu/home.aspx?lan=230&tab=1036&pag=1053
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e 1SO 14040:2006 Environmental management — Life cycle assessment —
Principles and framework (1SO14040); and

e 1SO 14044:2006 Environmental management — Life cycle assessment —
Requirements and Guidelines (1SO14044).

Extracts from the standard are included in grey shaded boxes throughout this
document for reference.

1.3 Report structure
This report comprises the following components:

e Section 2 — Goal and scope of study

This section describes the purpose of the study and the boundaries of the
assessment: i.e. what components and related processes are included as part of
this study or excluded.

e Section 3 — Vehicles in the New Zealand context

This section describes the vehicle market in the New Zealand context,
particularly regarding environmental aspects of PEVSs, incorporating a review
of prior work in this area.

e Section 4 — Data and assumptions

This section describes the data and assumptions applied to this study. This
section justifies the assumptions and the suitability of the data used.

e Section 5 — Results

This section provides an assessment of the results of the LCA, with particular
regard to the impact categories defined in the goal and scope.

e Section 6 — Sensitivity and Uncertainty Analysis

This section discusses the sensitivity and uncertainty analysis of the study. A
number of key variables were tested for sensitivity, to understand the impact
upon the key findings if assumptions were changed. A summary of the
uncertainty analysis on data quality is also provided.

e Section 7 — Conclusion

This last section of the study interprets the outcomes of the LCA and offers
commentary regarding the comparison of conventional vehicles against PEVs
from an environmental and human health impact perspective.

1.4 Review of industry LCAs

Many LCAs have been conducted in other markets and geographies to assess the
environmental impacts of alternative vehicle technologies, of which PEVs are
one. To inform this LCA, as well as to identify best practice and potential
shortcomings in approach, Arup and Verdant Vision reviewed a number of
industry publications regarding LCAs of conventional vehicles and PEVs.
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Sources for this review include the following, and are described further in
Appendix A:

e Schweimer GW, Levin M (2000) Life Cycle Inventory of the Golf A4.

e Hischier R., Classen M., Lehmann M. and Scharnhorst W. (2007) Life Cycle
Inventories of Electric and Electronic Equipment: Production, Use and
Disposal.

e Arup, UK Department for Business Enterprise and Regulatory Reform (2008)
Investigation into the Scope for the Transport Sector to Switch to Electric
Vehicles and Plug-in Hybrid Vehicles

e Patterson J, Alexander M, Gurr A (2011) Preparing for a Life Cycle CO>
Measure — A report to inform the debate by identifying and establishing the
viability of assessing a vehicle’s life cycle CO.e footprint

e Hawkins T, Singh B, Majeau-Bettez M, Stromman A (2012) Comparative
Environmental Life Cycle Assessment of Conventional and Electric Vehicles

e Del Duce, Gauch, Althaus (2013) Electric passenger car transport and
passenger car life cycle inventories in ecoinvent version 3.

e United States Environmental Protection Agency (2013) Application of Life-
Cycle Assessment to Nanoscale Technology: Lithium-ion Batteries for Electric
Vehicles

The LCAs above have informed this study regarding the formation of the goal and
scope, system boundaries, as well as the procedures used for the allocations of
certain components. The results from these LCAs also provide a useful basis for
comparison for the outcomes from this report.

In particular, the study utilises life cycle inventory data that is already available
and recognised by the industry. The passenger vehicle life cycle inventory data for
conventional vehicles and PEVs from ecoinvent v3.1 was modified and applied to
this study. Relevant references for assumptions and use of data from these studies
have been included throughout this report. The data assumptions are further
discussed in Section 4.

1.5 Study limitations

This LCA seeks to provide a robust and well-researched representation of how
PEVs compare to conventional vehicles in terms of environmental and human

health impact when applied to the New Zealand context. However, as with all

studies, our findings are tempered by limitations.

The following is a list of the limitations that we believe have most directly
affected the outcome of this LCA:

e PEV market maturity

On sale globally only since 2008, modern-day PEVs are still very new to the
automotive sector. The impact of this market’s youth has specific effects pertaining
to this LCA, in particular:
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— Afar less diverse range of products to choose from relative to the conventional
vehicle market.

— The New Zealand market for PEVs is particularly immature, with only a few
hundred sold since their introduction and at time of writing.

— Some level of uncertainty as to what really happens at the end of a PEV’s life,
including uncertainty about the number of times a battery will need to be
replaced over the life of the vehicle, a lack of firm plans within industry for
treatment of end-of-life batteries, and an accurate understanding of how long
PEV owners will keep their vehicles.

e Predicting the future

The PEV sector, as well as the automotive transportation sector generally, is
undergoing rapid evolution due to technological advances and socio-economic
and geopolitical trends. Given the high rate of change, it is almost impossible to
say with confidence what the world will look like in only 10-20 years from now
(i.e. within the lifetime of a single vehicle).

This study does not attempt to predict future scenarios, but rather conducts the
LCA comparison based on present circumstances and is therefore best regarded as
a snapshot in time. The only forecasts included are those required to make
educated assumptions about the PEV sector in New Zealand at a meaningful scale
(notably that it will be greater than at present). Otherwise forecasts about
potential change in transport behaviours, evolution of conventional and PEV
technologies, decarbonisation of the energy sector, or other relevant factors, have
not been attempted in this study.

e Access to complete data

Given the limited number of products available in the marketplace and the
commercial sensitivities surrounding PEV technologies within the industry, the
availability of vehicle-specific data is limited. In cases where specific data could
not be obtained from reliable industry sources, well-informed inferences were
used to fill gaps.

These gaps occurred in certain aspects of both the operation of the vehicle and the
component manufacturing and disposal. For example, Section 4.1 discusses some
of the limitations in the life cycle inventory data and Section 4.3 discusses the
assumptions made concerning the operational phase of “typical” PEVS.

e LCA impact categories — modelling methodologies

To paint a full picture of the environmental and human health impacts of a vehicle
over its life, this study uses computer modelling to collate data concerning a range
of processes, components, products and materials. This study considers eight
categories of impacts divided into two broad categories (environmental and
human health) and each of these categories have been assigned characterisation
models and factors to determine their relative impact. This required specific
studies and weightings to be undertaken by researchers in order to identify the
magnitude of the impacts within each category.
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All of the impact categories are the fruit of the research from various sources, and
they have been described in further detail in Section 2.7 and Appendix B1. As
there are many different weighting and conversion factors feeding into the models
underlying each impact category (e.g. to produce the extent to which copper
contributes to an overall toxicity score — hardly an exact science) there are
inherent residual uncertainties in the results reported in this study. Therefore, an
uncertainty analysis has been undertaken (Section 6.5) to understand and attempt
to quantify the uncertainties surrounding the various impact categories.

Interpretation of the results from this study should therefore take the uncertainties
and the particular manner in which impacts are calculated into account.

The results for the life cycle assessment have been expressed in relative terms.
Furthermore, the life cycle assessment results do not predict impacts on category
endpoints, nor do they provide a basis for measuring any exceedances of
thresholds or safety margins.

1.6 Peer review

In accordance with International Standards, EECA commissioned a third-party,
independent review as part of the study. The third party critical review was carried
out by Life Cycle Strategies.
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2 Goal and scope

2.1 Goal of the study

The goal of an LCA study shall unambiguously state the intended application, the reasons for
carrying out the study, the intended audience (i.e. to whom the results of the study are intended
to be communicated) and whether the results are intended to be used in comparative assertions
intended to be disclosed to the public.

I1SO 14044:2006 Section 4.2.2

In order to pre-empt a potential information gap, EECA intends to provide
authoritative information to New Zealanders about the impact — positive and
negative — of adopting PEV technology compared to conventional vehicles.

Therefore, the goal of this LCA study is to undertake a quantitative comparison
between four vehicle technologies to determine, from a life cycle perspective, the
most favourable option. The four technologies considered in this LCA are:

1. conventional petrol engine vehicle;
2. conventional diesel engine vehicle;
3. battery electric vehicle (BEV); and
4. plug-in hybrid electric vehicle (PHEV).

The goal of the study also took into consideration the following:

e The intended application of the study results — the results are intended to
inform the general public, and are therefore presented in a format appropriate
for a general readership.

e The target audience — the results are intended to inform the New Zealand
public, particularly the subset who may be especially interested. These people
may include motoring enthusiasts, sustainable transport advocates, and energy
providers.

e Regarding comparative assertions — it should be noted that this study
provides comparative assertions which are disclosed to the public.
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2.2 Functional unit

The scope of an LCA shall clearly specify the functions (performance characteristics) of the
system being studied. The functional unit shall be consistent with the goal and scope of the
study.

One of the primary purposes of a functional unit is to provide a reference to which the input and
output data are normalised (in a mathematical sense). Therefore the functional unit shall be
clearly defined and measurable.

Having chosen the functional unit, the reference flow shall be defined. Comparisons between
systems shall be made on the basis of the same function(s), quantified by the same functional
unit(s) in the form of their reference flows.

If additional functions of any of the systems are not taken into account in the comparison of
functional units, then these omissions shall be explained and documented. As an alternative,
systems associated with the delivery of this function may be added to the boundary of the other
system to make the systems more comparable. In these cases, the processes selected shall be
explained and documented.

1SO 14044:2006 Section 4.2.3.2

In this study, the “functional unit” is the metric against which the vehicle
technologies are compared. The project team have defined this functional unit in
two ways:

o the life cycle impact of a vehicle travelling for one kilometre; and
¢ the life cycle impact of a vehicle over its estimated lifetime.

The function, functional unit and reference flows are defined below:

Function: The transportation of a passenger/s using a vehicle, for general use
Functional Unit: 1 kilometre travelled

Reference flows:  Life cycle impacts of the equipment, energy input required, and waste
disposed

Reference period One year of operation, and lifetime of vehicle

2.3 Technologies considered

Broadly speaking, the study is performing comparative life cycle assessments on
two types of vehicles — “conventional vehicles” and “electric vehicles”? — with
two main variants within each type. The study makes a number of assumptions in
order to compare these two types of vehicles, particularly in determining what the
general use of a vehicle is. These assumptions are spelled out in Section 4.3.

2 Hybrid vehicles, such as the Toyota Prius or Camry Hybrid are neither strictly conventional
vehicles nor PEVs, even though they operate with both a petrol (or diesel) engine and an electric
motor and battery. Hybrid vehicles are sometimes confused with PEVs because of their on-board
battery, but are a separate vehicle technology altogether, as they do not charge their batteries from
an external source. They are not considered as part of this study or discussed further in this report.
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In today’s marketplace, any vehicle that runs on electricity originating from an
external source (e.g. the electricity grid, standalone generators, etc.) is called an
“clectric vehicle” (EV). However, there is considerable variation within the broad
definition of electric vehicles, which can create confusion for the reader.

Best practice globally refers to all types of electric vehicles as plug-in electric
vehicles or PEVs because it is their distinguishing feature that they can be
“plugged in” to use off-board electricity as a form of fuel.

Conventional vehicles

Conventional vehicles are the vehicles we most commonly see on the roads today
— everyday passenger cars that run on liquid fuel such as petrol or diesel. These
serve as our base case for comparison. Typically, these vehicles have an engine, a
fuel tank, an exhaust system, and various other components associated with their
operation (including a battery and electric motors), but they do not use an electric
motor or battery for propulsion.

Plug-in electric vehicles (PEV)

The plug-in electric vehicle (PEV) category includes two generic types of vehicle
technologies:

a) plug-in hybrid electric vehicles (PHEVS), and
b) battery electric vehicles (BEVS).

BEVs are the purest form of a PEV as they only run on one type of fuel —
electricity. A BEV has fewer mechanical parts than a conventional vehicle. It has
no combustion engine or fuel tank. Simply, a BEV is propelled by a motor that
runs off the energy stored in an on-board battery. To charge this battery, you must
plug the car into an electrical socket connected to an off-board power source (e.g.
the grid or a generator of some description). Once the battery is flat, the car cannot
go until it has been charged again by plugging it in.

PHEVs are another type of PEV. Like a BEV, they have an electric motor for
propulsion that is supplied from an on-board battery that can be plugged into an
external source to be recharged. What sets PHEVs apart from BEVs is that they
also have an on-board fuel tank and internal combustion engine (ICE) to
supplement the operation of the electric motor, either when more power is
required or (more typically) to extend the vehicle’s range when the energy stored
in the battery is depleted.

A PHEV typically runs for a certain number of kilometres using the electricity
stored in its on-board battery and, once that energy is depleted, it then begins to
use its internal combustion engine. To achieve more electrified travel, the battery
will need to be recharged by plugging in. However, if you plug-in a PHEV before
use of the ICE is required, then you can avoid the use of this “range extender”
function (the fuel tank/engine etc.), thus operating on battery power alone.
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Conventional petrol Conventional diesel Plug-in hybrid electric Battery electric
engine vehicle engine vehicle vehicle (PHEV) vehicle (BEV)

41 Combustion engine g Battery pack 5 Electric plug
2 Electric motor 4 Fueltank g Fuel pump

Figure 2 Key components of differing vehicle technologies
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The system boundary determines which unit processes shall be included within the LCA. The
selection of the system boundary shall be consistent with the goal of the study. The criteria used
in establishing the system boundary shall be identified and explained.

ISO 14044:2006 Section 4.2.3.3.1

The way in which New Zealanders use vehicles is central to this study’s scope and
thus forms the focal point around which the LCA system boundaries are defined.

New Zealand’s unique portfolio of energy sources — especially, of course,
electrical power and fossil fuels —are another key consideration of the system
scope; understanding them is essential to understanding the relative environmental
impact of each vehicle technology. Implications for this study are further

discussed in 4.3.

However, this LCA does not consider the various components of fuel
infrastructure and supply, whether it be the decommissioning and dismantling of
the existing fossil fuel refining, transport and supply infrastructure, or the
construction of an equivalent network for the supply of electrical power for PEV.

The raw materials aspects and manufacturing/disposal of vehicles and core
technology components are included and are central to this study’s scope.
However, the materials and construction/decommissioning aspects of industrial
facilities for the materials processing, manufacturing, recycling and disposal are
not included. A diagram outlining these system boundaries is shown in Figure 3
and a summary of the system scope is outlined in Table 1.

Table 1 System scope summary

What we have considered

System Scope

Inputs and outputs in the main
processing sequence

All unit processes for the production of any additional parts
and operation of a PEV (e.g. battery) when compared to a
conventional vehicle. This includes production and
operational energy.

Production and use of fuels,
electricity and heat

This includes all production and use of fuels, electricity and
heat within the main processing sequence which contribute
to the production and maintenance of any additional parts
for a vehicle. This also includes any upstream and waste
treatment processes.

Manufacturing, maintenance
and decommissioning of capital
equipment

This is applied to any parts of a vehicle. Of particular note
are those components in a PEV that are additional to the
base-case (such as the battery and motor type). These are
only included where the cut-off criteria are met.

Recovery of used products
(including reuse, recycling and
energy recovery)

Recovery of energy is included to the extent that it reduces
the need to source energy for operation. No additional credit
is given to these processes.

Distribution/transportation

All distribution and transportation of materials, energy and
wastes to and from manufacturing sites.
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What we have considered System Scope
Direct emissions and waste Refrigerant leakage does not meet cut-off criteria. No other
wastes identified.

The diagram on the following page presents a simple flow chart of the
components to be assessed in this LCA. The grey boxes indicate parts assumed to
be common between both the PEVs and conventional vehicles.

The analysis excludes any charging or refuelling infrastructure: i.e. the
manufacturing, construction or operation of electrical charging infrastructure or
refuelling stations. The reason for exclusion is that there is still significant
uncertainty as to what the infrastructure for PEVs — supposing any were built at
all — would look like. This arises because it is not clear:

e What the prevailing infrastructure solution will be (i.e. home-based slow
charging versus public fast charge).

e What the population of vehicles versus charging points (required to amortise
infrastructure on a per-vehicle-kilometre basis) is likely to be.

Note that because electrical charging infrastructure has not been considered,
conventional vehicle fuel supply infrastructure has also been excluded from this
study.
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Figure 3 LCA system boundary
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2.5 Cut-off criteria

The cut-off criteria for initial inclusion of inputs and outputs and the assumptions on which the
cut-off criteria are established shall be clearly described. The effect on the outcome of the study
of the cut-off criteria selected shall also be assessed and described in the final report.

Several cut-off criteria are used in LCA practice to decide which inputs are to be included in the
assessment, such as mass, energy and environmental significance.

I1SO 14044:2006 Section 4.2.3.3.3

A number of cut-off criteria were used to provide a series of filters with which to
make a decision about whether to include a process (or material) in the study. The
three main considerations, in order of importance are:

1. Mass
2. Energy
3. Environmental/human health relevance

Making the initial identification of inputs based on mass contribution alone may
result in important inputs being omitted from the study. Therefore the project
team evaluated each input according to the cut-off criteria listed below. Inputs
meeting the cut-off criteria were included and those that failed to meet the cut-off
criteria were excluded.

Mass: Inputs that cumulatively contribute more than 1% to the mass input of any
one product system being modelled.

Energy: Inputs that cumulatively contribute more than 1% of any one product
system’s energy inputs.

Environmental/human health relevance: Inputs that contribute more than an
additional 1% to the estimated quantity of each individual data category of any
one product’s system.

Mass, energy and environmental/human health relevance cut-offs were
determined during the data and life cycle inventory collection process.

2.6 Calculation procedure

In LCA terms, this study has been undertaken using an “attributional approach” to
modelling. As described in the 1SO 14040 standard, an attributional life cycle
assessment “assigns elementary flows and potential environmental impacts to a
specific product system typically as an account of the history of the product”. This
method of assessment was chosen as the PEV market is one that is only emerging
globally and there was limited information as to what the electric vehicle market
would look like in New Zealand, even in the near future.

As part of this attributional approach, this study details the assumptions behind
any processes used (Section 4), using the best current and publicly available data.
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LCA modelling software

Life cycle assessments are conducted using computer-based software which
analyses a series of inputs based on the system boundaries (as discussed above)
and produces a quantitative result that is reviewed and interpreted.

The LCA was modelled in SimaPro 8.0.5 LCA software. SimaPro stands for
“System for Integrated Environmental Assessment of Products”. SimaPro offers
its users a generic setup, making it possible to analyse both processes and
services. SimaPro 8.0.5 provides a tool to collect, analyse and monitor the
environmental performance of products and services. Complex life cycles can be
modelled in a systematic and transparent way, following the ISO 14040 series
recommendations and is therefore regarded as an eminently suitable tool for this
study.

2.7 Impact categories

The selection of impact categories, category indicators and characterization models shall be
both justified and consistent with the goal and scope of the LCA.

The selection of impact categories shall reflect a comprehensive set of environmental issues
related to the product system being studied, taking the goal and scope into consideration.

1ISO 14044:2006 Section 4.4.2.2.1

Two broad categories of impact were considered in this study: (1) impacts upon
the environment (notably including contribution to climate change), and (2)
impacts upon human health and well-being.

To address these areas of interest, eight specific “impact categories” have been
devised. These are summarised in Table 2 along with their relevance and the
justification for their inclusion in the study. Detailed descriptions of the eight
impact categories are provided in Table 3, with further information also provided
in Appendix B.
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Table 2 LCA output for areas of interest

Areas of
interest

Impact
categories

Relevance and justification of inclusion

related

Environmental

Climate change
(COzE)
Cumulative
energy demand
(MJ LHV)

Resource (abiotic)
depletion (Sh)*
Air acidification
(SO2)*

Ecotoxicity
(CTU)*

Of particular interest to New Zealand is the role of
carbon emissions and its contribution to climate change
impacts. The assessment will provide further context for
the transportation sector, particularly from the emerging
market of electric vehicles.

Another environmental area of concern is with resource
depletion and energy requirements to produce vehicles -
both impact categories provide an indication of the
amount of energy and limited resources is required to
produce, operate and dispose of vehicles. The categories
of air acidification and ecotoxicity look at potentially
negative impacts to natural environments and habitats.

Human health
related

Particulate matter
(PM25)

Photochemical
oxidant formation
(CaHy)

Human health
toxicity (CTUp)*

These impact categories particularly relate to air
emissions and their impact to the environment and
health. Air emissions are commonly an area of concern
particularly for conventional vehicles and tailpipe
emissions. Inclusion of these impact categories will
provide a life cycle perspective of air emissions from
vehicles.

Toxicity is a point of interest from the public when
considering new technologies in the transportation
sector, particularly with electric vehicles, for example
the potential impacts on communities affected by mining
or the effect on communities from the disposal or
recycling of batteries.

* These impact categories have high levels of uncertainty, which the interpretation of
results has taken into account. A full discussion on uncertainty analysis is in Section 6.5.

Table 3 Impact category definitions

acidification*

Areas of Impact Description
interest Category
Environmental | Climate Total global warming potential (GWP) of the greenhouse
related change gases emitted.
Cumulative The total amount of energy required across the life cycle of
energy the functional unit, measured in MJ Lower Heating Value
demand (LHV).
Resource Abiotic depletion is related to the economically and
depletion* technically reserves available for, due to inputs in the
system. The Abiotic Depletion Factor (ADF) is determined
for each extraction of resources (kg antimony equivalents/kg
extraction) based on reserves and rate of de-accumulation.
Air Total emissions of acidifying substances (such as sulphur

dioxides, nitrogen oxides and other nitrogen compounds)
into the air per functional unit. These emissions have the
potential to result in acidification of water bodies and
vegetation.

Ecotoxicity*

Potentially affected or disappeared species from toxic stress
— particularly on aquatic ecotoxicity impacts as the
ecotoxicity potential, measured as comparative toxic units
(CTUq).
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Areas of Impact Description
interest Category
Human health | Particulate Quantification of the impact of premature death or disability
related matter that particulates/respiratory inorganics have on the

population, in comparison to PMzs. It includes the
assessment of primary (PMio and PM_ ) and secondary PM
(including the creation of secondary PM due to SOy,

NOy and NHsemissions) and CO.

Photochemical | Total emissions of air polluting substances (such VOC, CO

oxidant and NOy) into the air per functional unit which may result in
formation the formation of reactive chemical compounds such as
ozone.

Human health | Number of disease cases due to ill-health from non-
toxicity* carcinogenic and carcinogenic impacts, measured as
comparative toxic units (CTUy), which estimates the
increase in morbidity in the total human population.

* These impact categories have high levels of uncertainty, which the interpretation of
results has taken into account. A full discussion on uncertainty analysis is in Section 6.5.

2.8 Impact category limitations

While it is considered that the eight impact categories chosen form a sound basis
for the comparative impact of each vehicle technology, certain limitations and
blind spots can be identified. For example, a major proportion of the particulate
matter that the conventional technologies produce arises in their operational phase
(that is, when they are being driven). The PEVSs, by contrast, produce
comparatively less (and in the case of the BEV, practically none) while they are
being operated. But there is potential for the processes involved in the extraction
of materials and in the manufacture of PEVs to produce significant quantities of
particulates. An accurate assessment of the impact of these upon human health
would require a detailed knowledge of site specifics (e.g., the wind-shed of a mine
or factory, its proximity to centres of population etc.). It is not feasible to gather
information to this level of detail, and there are other modelling techniques that
are better suited for these assessments, such as air quality dispersion modelling.
This imposes a limitation upon the comparison of PEV and conventional
technologies with regards to particulates, however the impact category selected is
useful in outlining the extent of particulates (by mass) emitted from vehicles
across its lifecycle.

Similarly, it should be noted that a high level of uncertainty afflicting certain of
the impact categories was revealed, mostly due to the absence of scientific
consensus as to how these impacts are to be measured. This somewhat
compromises the results in the resource depletion, human toxicity, ecotoxicity and
air acidification categories. But it is submitted that even given the uncertainties, a
meaningful comparison across the technologies was possible (and in many cases,
the impact in these categories of each technology was insignificant). At any rate,
the uncertainties and their implications are discussed in more detail in Section 6.5.
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3 Vehicles in the New Zealand context

This section provides a brief overview of the New Zealand context — the vehicle
market and the way in which New Zealanders use their cars. Where relevant,
implications for the life cycle assessment study are signalled, and these are
included and referred to in the data and assumptions set out in Section 4.

3.1 Global market development of PEVs

Modern-day, commercially-produced PEVs have been available in the marketplace
globally, albeit in limited numbers, since 2008. The global fleet of PEVs is still
small (less than 1% of the light vehicle fleet), but sales worldwide have been
steadily increasing. The International Energy Agency forecasts sales to the order of
110 million PEVs by 2050 (Figure 4) and of that figure, a significant portion are
anticipated to be within the Asia/Oceania vehicle market, which includes New
Zealand.

At the end of 2014, more than 650,000 PEVs had been sold globally.

Annual EV/PHEV sales

120
W OECD Asia Oceania

QECD Americas
B OECD Europe
m Other non-0ECD

India

Passenger LDV sales (millions)

W China

2010 2020 2030 2040 2050

Figure 4 Forecast for annual PEV sales globally®

A number of individual countries have shown tremendous growth in their PEV
markets. China, the United States and Japan remain the largest markets for PEVs
but on a per capita basis, Norway has by far the greatest market share of any other
PEV market, with more than 1% of its fleet electrified®.

3.2 PEVs in New Zealand

Although sales volumes have been low in New Zealand to date, it is poised to be a
promising market for PEVs. Some recent strides in policy development and on-the-
ground activity locally indicate likely growth in the sector in the coming years —
hence the need for full assessment of the environmental implications of the growth
of the nascent PEV market.

3 International Energy Agency (IEA) Global EV Outlook 2013
4 International Energy Agency (IEA) Global EV Outlook 2015
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Motorist interest in PEVs has been steadily growing in the last couple of years,
though only 660 PEVs® were registered in New Zealand as of 31 May 2015.

Given that any new or imported PEV that meets New Zealand road-worthiness
criteria may be driven locally, additional PEVs have probably entered the New
Zealand fleet through the imported used market over time, though in limited
numbers. While it is possible that earlier models of commercially-produced PEVs
could have been or yet will be imported into New Zealand, we assumed that the
base case for a New Zealand PEV is a brand-new, locally sold model. The earliest
model year PEV sold commercially in New Zealand was the Mitsubishi iMIEV,
which was released for sale in 2011.

The table below provides a list of all commercially produced PEV products that
have been sold in New Zealand or are currently for sale.

Table 4 PEVs available in New Zealand

Make and model Technology Type First year available
Audi e-Tron PHEV 2014
BMW i3 Rex PHEV 2014
BMW i8 PHEV 2015
Holden Volt PHEV 2012
Mitsubishi i-MIiEV BEV 2010
Mitsubishi Outlander PHEV PHEV 2014
Nissan Leaf BEV 2012
Tesla products (one-off imports only) BEV 2012

In coming years, with an increase of product diversity and availability globally, it
is likely that the PEV product composition in New Zealand will expand over time.
It is also fair to assume that increased support for PEVs from governments,
councils, utilities and community organisations such as DriveElectric® will also
promote market expansion.

The Government of New Zealand has shown some leadership in adoption of PEVSs,
starting with a public guide to deploying EVs published by EECA in anticipation
of the first market release of EVs in 2012, and a reprieve of road user charges
(RUCs) for electric vehicles until 2020’

LCA study implications: The LCA considers PEVSs that are currently available to the New
Zealand market (via importing of used or newly purchased vehicles).

5> Ministry of Transport New Zealand (2015)

6 Drive Electric. http://driveelectric.org.nz/ Accessed 25 June 2015

" EECA Energy Wise. Regulations for electric vehicles
http://www.energywise.govt.nz/your-vehicle/electric-vehicles/requlations Accessed 25 June 2015
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3.3 Vehicle fleet of New Zealand

New Zealand has the highest rate of per capita vehicle ownership in the developed
world 8. Vehicle ownership has been gradually increasing since 2000, with
passenger vehicle ownership at its highest mark reported in 2013° (Figure 5).

Vehicle Ownership in New Zealand
4,000,000

3,500,000 .
Light
3,000,000 —

/ Passenger
2,500,000 / e S e

Vehicles

2,000,000
1,500,000 Total
1,000,000 Vehicle
Ownership
500,000
0
O N b O X H O A DO 0O N AW
O A " OO O R NN XY N
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Figure 5 Vehicle ownership over time®

The entire New Zealand light vehicle fleet (not including motorcycles) is composed
of more than three million vehicles of the following types:

e Passenger cars and commercial vehicles with gross vehicle mass of less than
3,500kg;

o A relatively even split between vehicles sold new in New Zealand (NZ new)
as against used imports (the proportion of used imports is high relative to most
OECD markets);

e An average vehicle age of approximately 13 years (higher relative to OECD
peers such as the USA or Australia) and trending rapidly toward 14 years (per
Figure 5 above); and

e Approximately five times as many petrol vehicles as diesel vehicles.

Within the light vehicle fleet, the category of “passenger cars” is most relevant to
this life-cycle assessment of PEVs, since passenger cars account for almost 90% of
the light vehicle fleet, and the PEV products currently being sold into New Zealand
are predominantly passenger cars as well. New Zealand cars cover more than 31
billion kilometres'® each year producing more than 7 million tonnes of CO2-
equivalent emissions'! based on their consumption of more than 3 billion litres of
fuel'?>. Therefore passenger cars are a logical place to consider PEVs and their
potential to improve the environmental credentials of the vehicle fleet.

8 OECD Indicators, Environment at a Glance 2013. http://www.keepeek.com/Digital-Asset-
Management/oecd/environment/environment-at-a-glance-2013_9789264185715-en#page70

® Ministry of Transport New Zealand (2013). TV004 Vehicle fleet numbers

10 Ministry of Transport, The New Zealand 2013 Vehicle Fleet: Data Spreadsheet, Tab 1.4 to 1.7
11 Ministry of Transport, The New Zealand 2013 Vehicle Fleet: Data Spreadsheet, Tab 1.10

12 Ministry of Transport, The New Zealand 2013 Vehicle Fleet: Data Spreadsheet, Tab 1.9
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3.3.1 Vehicles entering the New Zealand fleet

New Zealand logged 187,311 additional car registrations in 2013, of which 55%
were used imports®. Registrations confirm that the majority of cars were petrol
followed by diesel (in a ratio of approximately 10 to 1).

Within the petrol car registrations, the majority (60%) were used imports with an
average age and odometer reading of approximately eight years and 75,000km
respectively. The most popular engine size for a petrol used import was 1.25-1.5L,
whereas for NZ-new petrol vehicles it was slightly larger at 1.75-2.0L (with the
most popular new petrol car sold being the Toyota Corolla). Despite the engine
size trends, the average test cycle fuel consumptions across all NZ-new and used-
import petrol vehicles were quite similar at 7.7L/100km (or 177g/km COze from
petrol). Emissions standards of petrol vehicles are improving, with Euro 5 now
being the most common level sold for NZ-new petrol vehicles and with the Japanese
05 level being the most common for petrol used imports.

In contrast, the diesel car registrations were dominated by NZ-new vehicles (90%)
with engine size of 2.5-3.0L the most popular, whereas there were hardly any used-
import diesel cars at all. Given the prevalence of larger engines, the average test
cycle fuel consumption and emissions for NZ-new diesel vehicles was also higher
at approximately 8.0L/100km (or 208g/km COze from diesel fuel). The Euro 4
emissions standard is the most common level sold for NZ-new diesel vehicles.

PEVs only accounted for 37 registrations in 2013 of which just over half were used
imports. Data for 2014 showed a strong shift to NZ-new PEVs (80%) as new
products became available; however, the PEV market is still too immature to assess
the trajectory of this trend. In 2014 there was a noticeable shift to PHEVs (65% of
PEVs) as these became more readily available. The average odometer of used-
import PEVs was quite low at only 10,000km approximately, so these could be
considered as “almost NZ-new” cars.

Most cars entering New Zealand, whether new or used, originate from Japan. A
breakdown of the proportion of vehicles entering the New Zealand market by
country is shown in Table 5. It is clear that Japan is the predominant source of
vehicle imports to New Zealand, accounting for 95% of second-hand imports in
2013, The exception is for NZ-new diesel vehicles, which are predominantly
sourced from Thailand with South Korea and Japan tied for a distant second place.

13 New Zealand Transport Agency. NZ Motor Vehicles Registration Statistics 2013.
14 New Zealand Transport Agency. NZ Motor Vehicles Registration Statistics 2013.
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Table 5 Proportion of vehicles entering New Zealand Market, by country

Final Report

Country | Petrol Diesel Electric

New Used | Total | New Used | Total | New Used | Total
Japan 46.0% | 86.1% | 70.1% | 12.2% 39.7% | 14.1% | 87.5% | 88.8% | 87.8%
Germany | 8.0% |8.6% |84% | 9.8% 33.3% | 11.4% | 2.8% 0.0% | 2.1%
South 14.0% | 0.4% | 6.0% 14.6% 1.3% | 13.7% | 0.3% 0.0% | 0.2%
Korean
Thailand 5.0% | 0.1% | 2.1% | 43.9% 2.7% | 41.1% | 0.0% 0.0% | 0.0%
United 3.0% | 1.4% | 2.2% 2.6% 13.8% | 3.3% | 0.0% 3.1% | 0.7%
Kingdom
United 20% | 1.8% | 2.0% 2.4% 15% | 23% | 6.5% 51% | 6.2%
States of
America
Rest of 18.0% | 1.4% | 9.3% 14.7% 75% | 14.3% | 2.8% 3.0% | 2.8%
world

LCA study implications: This study nominates a Japanese mid-sized car as the baseline
petrol vehicle as this is representative of a typical New Zealand petrol car. PEVs are also
predominantly Japanese and an appropriate mid-sized diesel car from South Korea was

considered in lieu of a recognisable Japanese model. NZ-new cars were assumed for all

technologies, despite the popularity of petrol used-import cars, as there is seemingly no
practical difference in the country of origin or the operational fuel consumption of new vs
used petrol cars and given that the overwhelming majority of diesel cars and PEVs are
already sold as NZ-new.

3.3.2

Vehicles exiting the New Zealand fleet

The retirement age (odometer reading) of a vehicle is a crucial parameter in the
amortisation of manufacturing and disposal impacts over a vehicle’s operating

life.

The retirement of light vehicles from the New Zealand fleet occurs at an average
age of 20 years and an average odometer reading of 215,000km. For passenger
cars (only) the average retirement is 210,000km compared to light commercial

vehicles with a higher 260,000km.

More granular data on the retirement of passenger cars (only) was not available,
but in the broader category of light vehicles, there is little difference between the
retirement ages of NZ-new and used-import vehicles. NZ-new light vehicles
retire at an average age of 21 years with an average odometer reading of
232,000km. whereas used-import light vehicles retire at an average age of 19
years with an average odometer of 205,000km (relative to their entry at 8 years
and 75,000km). The implied average annual kilometres for the NZ operational
phases are remarkably similar at approximately 11,000km for both types.
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In light vehicles, there is a more pronounced difference between the retirements of
petrol and diesel vehicles. The average retirement for all petrol light vehicles
(NZ-new and used-import) occurs at 20 years and 210,000km. By contrast, the
average retirement for diesel light vehicles occurs after fewer years (18) but more
kilometres (250,000), implying greater annual kilometres for diesel. However,
specific retirement data was not available for diesel passenger cars and it should
be noted that light commercial vehicles constitute the majority (60%) of the light
diesel fleet and are known to have much higher annual travel.

LCA study implications: This study nominates a passenger car operational life of 210,000
km for all vehicles based on the above statistics. There is no evidence in the current data to
suggest that retirement assumptions should differ between petrol vs. diesel vs. PEV passenger
cars of equivalent size, nor is there any substantive difference between the retirement
attributes of NZ-new vs. used-import cars. Note that there is little data on the retirement of
PEVs due to their lack of market maturity (Section 3.2), and thus well-informed inferences
are required.

3.4 Travel behaviour in New Zealand

Light vehicle travel is the most common mode of transport in New Zealand, with
more than 70% of householders using a car to arrive at a destination. The top three
destinations of motorists (in order of frequency) are work, social visits and shops®.
In New Zealand, the automotive industry regards 14,000 kilometres travelled per
year *© for an “average” motorist as standard. However, as this LCA study is being
conducted on a per-vehicle basis, it is important to distinguish between the annual
travel distances of people as distinct from cars.

The average annual travel distances of NZ light vehicles are presented in Table 6,
with passenger cars (87% of the fleet) travelling less distance on average than light
commercials (13% of the fleet). The distances for petrol light vehicles vs. diesel
vehicles are relatively matched to the distances for passenger cars vs. light
commercials respectively, given the relative popularities of either fuel in either fleet
segment. Within the passenger car segment, the difference between petrol and
diesel is more subdued, and can be attributed to the fact that the most popular diesel
cars have larger engines, implying larger vehicles with more utility that tend to get
driven further.

Table 6 Annual average travel distances for NZ light vehicles!’

Fuel type All Light Vehicles Passenger Cars Light Commercials
All Fuels 12,000km 11,500km 15,100km

Petrol only 11,300km 11,200km

Diesel only 15,500km 13,800km

15 Ministry of Transport. Driver Travel, New Zealand Household Travel Survey 2011 - 2014

March 2015

16 Scott, RA, GV Currie and KJ Tivendale (2012) Company cars and fringe benefit tax —
understanding the impacts on strategic transport targets. NZ Transport Agency research report

474, http://www.nzta.govt.nz/resources/research/reports/474/docs/474.pdf

17 Ministry of Transport, The New Zealand 2013 Vehicle Fleet: Data Spreadsheet, Tab 8.2a,b,c
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Vehicle travel surveys show that there is little difference between weekday and
weekend daily distances for light vehicles in New Zealand. For all days of the
week, the median distance is 24km per day, with 75% of days involving less than
48km driven and 95% of days less than 125km (see “All Light Vehicle Travel” in
Figure 6).

As you would expect, there is a difference in average travel distance between
vehicles in urban and rural areas in New Zealand. The median vehicle distance for
main urban areas is 22km per day with 75% of days less than 42km, whereas for
rural use, the median is 35km per day with 75% of days less than 67km
(approximately 60% higher on both metrics — see Figure 6). To put this finding in
context, approximately 78% of the population are considered to live in “urban” or
“secondary urban” areas (communities or city centres accounting for more than
10,000 people), with the remainder in rural areas'®.

Urban vs. Rural Daily Travel Distances for Light Vehicles in NZ
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Figure 6 Travel distances for light vehicles in New Zealand*®

18 Statistics New Zealand. Urban/Rural Migration.

http://www.stats.govt.nz/browse for_stats/population/Migration/internal-migration/urban-rural-
migration.aspx Accessed 2 May 2015

19 Ministry of Transport. Driver Travel, New Zealand Household Travel Survey 2011 - 2014
March 2015
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LCA study implications: Annual travel distances are not directly relevant to the LCA since
the functional unit is on a per-km basis and the manufacturing/disposal footprint is
amortised over the full vehicle life (not annually). But for context we overlook the difference
in annual travel between petrol vs. diesel vehicles as we attribute this to different
vehicle/engine sizes and assume that equivalent petrol vs. diesel vehicles travel similar
distances. We also assume that BEVs (as well as PHEVs) support the same annual travel
since 95% of days are within the range of current BEV products and these tend to deploy in
urban areas where typical trip lengths are shorter and there are more opportunities for
recharging.

For PHEVs the distribution of daily vehicle travel distances govern the assumed proportion
of electric- vs. petrol-fuelled kilometres and this is discussed in more detail in Section 4.3
(vehicle operation and use).

3.5 Vehicle energy sources

Liquid fuels — petrol and diesel

Liquid fuels (e.g. petrol) are the predominant form of energy used for road transport.
In terms of overall energy consumption, in 2013 New Zealanders used almost twice
the amount of petroleum-based fuels (46%) as they did electricity (26%)%. In New
Zealand, petrol fuel consumption is slightly decreasing, while diesel consumption
is on the rise. Petrol is the leading fuel for the light passenger vehicle sector, with
94% of total transport sector petrol consumption attributable to light vehicles.
Diesel fuel is more commonly consumed in the commercial segment of the
transport sector, with only 16% of its total consumption in light passenger cars®°.

New Zealand has large reserves of oil and produced 35,500 barrels of oil per day
on average in 2013. In 2013, Refining New Zealand produced an estimated 64% of
domestically consumed petroleum products, although a large-scale growth project
due to be completed at the end of 2015 may increase that figure. However, as it
stands, New Zealand is a net importer of petroleum, with the largest portion of its
imported crude oil coming from the Middle East (59%)%.

LCA study implications: This study, where public data is available, accounts for the
particular life cycle impacts associated with petrol and diesel fuel. However, limited data
regarding processes and pollution associated with fuel refining in New Zealand is available.
However, given that New Zealand is a net importer of petroleum and assuming that the
refining occurring in New Zealand is largely equivalent to the process undertaken globally,
global data from the ecoinvent v3.1 database for petrol and diesel has been used as an
appropriate proxy. This has been accounted for in the operational stages of the conventional
petrol and diesel engine vehicles, and the PHEV.

20 Ministry of Business, Innovation and Employment. (2013) Energy in New Zealand 2014.Pg 4.
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Electricity

In 2013, New Zealand generated almost 42,000 GWh of electricity and consumed
close to the equivalent amount (including losses for transmission and distribution).
Consistent with other similar markets, household electricity consumption is in
decline, with a 1.7% decrease in residential consumption to approximately 12,000
GWh in 2013%°. New Zealand is one of few countries in the world whose energy
generation is predominately renewable, with around 80% of energy generation in
2014 originating from renewable sources such as geothermal, hydro, biomass and
wind. The Government of New Zealand declared that it intended to see 90% of the
country’s electricity generated from renewable sources by 2025 and to date, it
appears to be on track to meet this target?. However, as per this study’s stated
limitations, the forecast future emissions intensity of the NZ grid is not accounted
for.

LCA study implications: The study has accounted for the current electricity mix in New
Zealand (2014), and has applied this across the lifetime of the vehicle. Given that New
Zealand has a target to further increase renewable energy generation, this assumption
provides a conservative estimate of PEV greenhouse gas emissions benefits over the life of
the vehicle.

Vehicle Emissions

Despite the number of cars in New Zealand, passenger vehicle greenhouse gas
emissions are declining, consistent with trends around the world?2, This is further
described in Section 4.3).
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Figure 7 Light vehicle registrations, CO, emissions®

In New Zealand, the transport sector remains the largest source of greenhouse gas
emissions, representing 44% of emissions from the whole energy sector.
Specifically, road transport combustion emissions represented 40% or 12,688 kt
COqze in 2013. However, growth of the NZ PEV market may help reduce these
vehicle emissions. The relevant energy source emissions factors are presented in
Table 7.

2L Ministry of Business, Innovation and Employment. (2014) Record Renewables in 2014.
http://www.med.govt.nz/sectors-industries/energy/news/record-renewables-in-2014 Accessed 21
May 2015.

22 New Zealand annual vehicle fleet statistics (2013), accessible for
http://www.transport.govt.nz/research/newzealandvehiclefleetstatistics/
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Table 7 Emissions factors for relevant LCA fuels in New Zealand®

Emissions 2013 Unit Amount
Liquid fuels
Premium petrol kt CO2e/PJ 66.72
Regular petrol kt CO2e/PJ 66.51
Diesel kt CO2e/PJ 69.57
Electricity
Generation emission factor kt CO2e/GWh 0.14
Consumption emission factor kt CO2e/GWh 0.16
Annual generation GWh 41,867
Annual consumption GWh 38,696

LCA Study Implications: Given the trend of vehicle emissions in NZ is consistent with those
from a global market perspective, vehicle emissions assumptions based on global market
standards have been used for this study. This is described in detail in Section 4.3.

3.6 Lithium-ion battery materials

There is currently a general misunderstanding or misconception of the technology,
likely due to the immaturity of the PEV market. For example, lithium, which is a
common element in modern-day PEV batteries is neither a rare earth mineral nor a
precious metal, despite public alarm that increased used of PEVs could result in
diminished rare earth mineral/precious metal supply or social mining impacts (for
further details refer to Section 5.3.3).

Lithium-ion batteries are considered well suited for vehicle propulsion
applications, given their high energy density and cycle life, among other
favourable qualities. Within the general category of lithium-ion batteries used for
PEV applications, there are many chemistries with markedly different
manufacturing processes and raw material inputs. For example, here is a list of
lithium-ion battery cells that are used in some well-known PEV products:

e Mitsubishi/GS Yuasa — large format prismatic (30Ah), manganese-oxide
cathode (LMO)

e Nissan/AESC — large format pouch (33Ah), nickel/manganese/cobalt-oxide
cathode (NMC)

e Holden/LG Chem — large format pouch (15Ah), manganese-oxide cathode
(LMO)

e Honda/Toshiba — large format prismatic (20Ah), titanium-oxide cathode
(LTO)

e BYD - large format prismatic (10Ah), iron-phosphate cathode (LFP)

23 Ministry of Business, Innovation & Employment, Energy Greenhouse Gas Emissions 2013
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e Tesla/Panasonic — small format cylindrical (3.3Ah), nickel/manganese/cobalt-
oxide (NMC)

Other common metals in lithium-ion battery cell constructions include aluminium,
steel and copper.

Making apples-with-apples LCA comparisons of conventional and PEVs is
somewhat clouded and all the more so in the public understanding due to
confusion over definitions and applications of “rare earth” and precious metals, as
opposed to industrial materials such as steel, aluminium, copper, nickel,
manganese, titanium, and metal salts (of such as lithium, magnesium, etc.) that are
plentiful and produced in many locations around the world.

Despite their name, lithium constitutes only a small proportion of lithium-ion
batteries (the lithium salts dissolved in the electrolyte comprise approximately 1-
2% of the total battery weight) relative to other metals. Neither lithium nor any of
the other materials mentioned above are classified as “rare earths” — the so-called
rare earth metals are a group of fifteen lanthanides plus scandium and yttrium.
Contrary to popular misconception, these are rarely (if ever) used in lithium-ion
batteries?*, and then only in minute quantities. By contrast, the nickel metal
hydride (NiMH) batteries commonly found in conventional hybrid vehicles
contain significant quantities of the rare-earth lanthanum — doubtless the source
for much of the confusion.

Conventional vehicles contain similarly minute quantities of rare earth materials,
but frequently also contain precious metals (e.g. platinum, palladium, rhodium,
etc.) that serve as oxidation catalysts in the catalytic converter (part of a
conventional vehicle’s exhaust system).

24 Plug-in Electric Vehicle Resource Centre (2015) “About Batteries”,
http://driveclean.ca.gov/pev/
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4 Data and assumptions

Data selected for an LCA depend on the goal and scope of the study. Such data may be
collected from the production sites associated with the unit processes within the system
boundary, or they may be obtained or calculated from other sources. In practice, all data may
include a mixture of measured, calculated or estimated data.

ISO 14044:2006 Section 4.2.3.5

The following section provides a description of the kinds data utilised and the
assumptions applied by this LCA study?®. This section is divided into the four life
cycle stages of:

1. manufacturing and production;
2. importing;

3. operation and use; and

4. end of life.

Each life cycle stage used specific data and assumptions as appropriate to the New
Zealand context. A breakdown of the data inventory applied for this study is
included in Appendix C.

4.1

In collecting data for the manufacturing and production phase of vehicles (both
conventional and electric), a number of assumptions were applied.

Stage 1: Manufacturing and production

A literature review of any existing high-quality and publicly available life cycle
inventory data was conducted (this is discussed in Section 1.4). Based on the
literature review, the life cycle inventory datasets in ecoinvent v3.1 for
conventional and PEVs were chosen, and modified to suit the New Zealand
context. Table 8 provides a description of the components considered in these
datasets.

Table 8 Components of vehicles

cooling system, fuel system, exhaust
system, etc.

First-order | Conventional vehicles PEVs

component

Glider Body and frame, chassis, axle, brakes, | Body and frame, chassis, axle, brakes,
wheels and tyres, interior fittings and wheels and tyres, interior fittings and
electronic equipment, etc. electronic equipment, etc.

Drivetrain Internal combustion engine, gearbox, Electric motor, gearbox, controller,

charger, cables, cooling system, etc.

(Note: PHEVs also include the
relevant fuel, engine and exhaust
components.)

25 In line with the 1SO 14040 standard, this section describes the Life Cycle

Inventory phase of the LCA study.
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First-order | Conventional vehicles PEVs
component

Propulsion None Li-ion battery
Battery

The following section describes the assumptions and modifications applied to
ecoinvent v3.1 data for the purposes of this study.

Conventional vehicle considerations

The original ecoinvent v3.1 dataset was based upon a conventional ICE vehicle,
the Volkswagen Golf A4 (2008), and subsequently updated to the VVolkswagen
Golf VI (2009-2013). Upon review of the data, it was found that this dataset is the
most comprehensive for conventional vehicle components and material
breakdowns for use in this study. The specific make and model in question is also
a good fit with the generic conventional vehicle assumed for this LCA study.

This study has utilised the existing data provided by ecoinvent v3.1. We have
adjusted to scale the glider and drivetrain of the conventional vehicle to match our
baseline of a small-sized Japanese imported vehicle in the New Zealand market.
The scaling has been based on the weight of the vehicle, using the best publicly-
available data. Our baseline selection of Japanese conventional and PEVs was
described in the contextual discussion in Section 3.

Table 9 Weight comparison of component parts — conventional vehicle

Study | Ecoinvent v3.1 This study
First-order Volkswagen Volkswagen Japanese mid- Mid-sized diesel
component Golf VI - Petrol | Golf VI - Diesel  [Fsik4clo N ol go] Nerel g otz 1 ¢ (Z0E5)
(2009-13) (2009-13) (2015)
Glider 913 kg 913 kg 856 kg 872 kg
Conventional | 321 kg 401 kg 429 kg 490 kg
vehicle
drivetrain
Total 1234 kg 1314 kg 1285 kg 1362 kg

It should also be noted that whilst ecoinvent v3.1 data is derived from a car
manufactured in Europe, similar manufacturing processes and efficiencies exist in
Japan. Therefore, the following assumptions have been made regarding use of the

dataset:

e Given that manufacturing processes and efficiencies are similar between
Europe and Japan, electricity consumption in the direct manufacturing

processes of the vehicle was modified to be from Japan only.

e This is also applicable to suppliers of manufacturing parts to the vehicle, as
the larger Japanese manufacturers are vertically integrated companies that own
most of their supply chains, which are also based in Japan.

e The weights of components (as described in Table 9) have been pro-rated
based on available manufacturing data specifications of similar sized vehicles

to the Volkswagen Golf V1.
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e However, since Japanese manufacturers tend to source raw materials globally
the assumptions regarding raw material inputs from ecoinvent v3.1 were left
unchanged.

New vs used conventional and PEVs

NZ-new cars were assumed for all technologies, despite the popularity of petrol
used-import cars. While there may be some difference in the fuel consumption
and tailpipe emissions of new versus used petrol cars, it would not be appropriate
to compare new PEVs and diesel cars (the overwhelming majority of PEVs and
diesel cars are sold as NZ-new) with significantly older petrol, used-import cars.

For further discussion on this point refer to Section 3.3.

Battery considerations in PEVs

The ecoinvent v3.1 dataset includes a data inventory for batteries for use in PEVS.
The battery nominated is a LiMn2O4 chemistry (referred to commonly as
“lithium-ion manganese oxide” or LMO battery), which is consistent with the
PEV batteries used by several the manufacturers of several PEVs currently in the
New Zealand market. The specific lithium-ion cell underlying the ecoinvent v3.1
dataset is a Kokam 100Ah pouch cell, which is an appropriate cell construction
based on current PEV products, and different to the much smaller mAh-size
lithium-ion cells more commonly found in consumer electronic devices such as
mobiles phones or laptops.

There are two data issues upon review of background reports for the ecoinvent
v3.1 battery. Firstly, there is no allowance for a cooling system within the
materials comprising this battery pack?®. However, we assume this cooling system
was adequately captured under the “drivetrain” category (see Table 8).

Secondly, regarding the recycled content within new batteries, ecoinvent v3.1 data
accounts for the average market recycling rates for certain input materials, namely
metals such as copper, aluminium and steel (or iron). However, it remains to be
seen whether a New Zealand large-format battery recycling industry will develop
and whether it will return recycled battery materials to Asia for the manufacturing
of new PEV batteries. It may be the case that further recycling and re-use of used
batteries could be greater than standard industry practice for primary metals.

Therefore, as a conservative assumption, this study assumed that only the current
commodity market levels of recycled materials (for copper, aluminium and steel)
are incorporated in new batteries (whether for the original vehicle, or for
replacement batteries). A sensitivity analysis has been conducted regarding further
recycling potential from PEV batteries, and is included in Section 6.2.

26 Batteries heat up, and require cooling, during recharging. Depending on whether the battery is
air-cooled or liquid-cooled, a battery normally contains metallic or plastic components to manage
the flow of coolant throughout the pack.
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Plug-in electric vehicle considerations

The ecoinvent v3.1 dataset also contains a system process for PEVs. The system
process was compiled by the work done by Del Duce et al (2015). The PEV was
based on a virtual Volkswagen Golf VI, with the inclusion of electric vehicle
components (described in Table 8) from Swiss manufacturer Brusa.

For this study, battery weights were specifically obtained from vehicle
manufacturers, and the unit processes attributed to the battery were pro-rated from
ecoinvent v3.1 data. Unit process data for the remaining components (glider and
drivetrain) were pro-rated based on estimated component weight specifications for
an equivalent Japanese PEV.

Table 10 Weight comparison of component parts — electric vehicle

Study PRSI
First-order Japanese mid-sized Mid-sized BEV car Mid-sized PHEV car
component petrol car (2015) (2015) (2015)
Glider 856 kg 1157 kg 1146 kg
Conventional | 429 kg n/a 263 kg
vehicle
drivetrain
Electric n/a 87 kg 114 kg
vehicle
drivetrain
Battery n/a 290 kg 198 kg
Total 1285 kg 1534 kg 1721 kg

Recycled content of vehicles

The data used, predominantly from ecoinvent v3.1, accounts for average global
market recycling rates for certain metals such as copper, aluminium and steel (or
iron). Recycling rates vary depending on the type of material.

Aluminium is known to be an energy- and emissions-intensive material to
produce, but depending on the specific grade of aluminium, can also be highly
recyclable. The ecoinvent v3.1 dataset contains two types of aluminium that are
especially significant in this study’s outcomes:

e Cast aluminium alloy (approximately 85% recycled input) — is used primarily
in the manufacturing of ICE drivetrain components (e.g. engine) and therefore
is a significant contributor to the total weight of the petrol, diesel and PHEV
vehicles. However, this material is relatively benign environmentally due to
its high recycled content (since aluminium casting processes are well-suited to
the use of recycled material).

e Wrought aluminium alloy (approximately 20% recycled input) — is used
primarily in the manufacturing of the PEV components (e.g. battery, motor,
inverter, etc.). While it does not contribute as much total weight as the cast
alloy above, it is a far more sensitive material due to its low recycled
proportion (higher-strength wrought aluminium alloys are less-suited to
recycling due to the potential effects of alloy impurities). However, it should
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be noted that since the ecoinvent v3.1 PEV dataset is based upon the work of a
specific boutique manufacturer (Brusa), the proportion of wrought as opposed
to cast aluminium may be overstated. Mass-produced PEV componentry is
more likely to use cast aluminium?’.

Copper is a valuable commodity, the mining of which can produce significant
toxic impacts, but it is also potentially highly recyclable. Copper is used in the
manufacture of both conventional and PEVs, but both types of PEVs (i.e. BEVs
and PHEVSs) contain up to 5-6 times more copper than conventional vehicles
incorporated in their lithium-ion batteries (e.g. in the anode) and various types of
copper drivetrain wiring (e.g. power cables and motor windings).

The ecoinvent v3.1 dataset assumes that only 35% of input copper comes from
recycled sources, which is consistent with current market practices as cited by the
International Copper Association. However, numerous literature sources also
suggest that such low recycling rates cannot be sustained into the future given
forecast growth in copper demand relative to known primary reserves. A key
contributor to growth in copper demand is the growing markets for hybrid
vehicles and PEVs, causing manufacturers such as Toyota?® to pioneer new
copper recycling techniques and establish higher recycling standards to ensure the
sustainability of their products. This suggests that the ecoinvent v3.1 assumptions
for copper may be too pessimistic looking into the future of PEVs. The sensitivity
to this is tested in Section 6.2.

The following tables provide a summary of the approximate extent of recycled
material in each of the four vehicle types, based on the main materials for all four
vehicle technologies which are aluminium, copper and steel (from iron).

Table 11 Recycled material content in vehicles, by metal type

Aluminium (kg) Iron (kg) Copper (kg)
Vehicle type Recycled | Primary | Recycled | Primary | Recycled | Primary
BEV 13.3 49.6 265.7 1,075.6 21.3 40.2
PHEV 141.6 72.8 284.5 1,187.0 19.2 36.1
Conventional 212.6 37.7 214.2 941.5 35 6.6
petrol engine
vehicle
Conventional 242.4 42.8 222.1 982.9 3.7 6.9
diesel engine
vehicle

27 Many of the electric vehicle drivetrain components in the Nissan Leaf, for example, are actually
manufactured by casting processes at the Nissan Casting Australia Plant (NCAP).

28 http://blog.toyota.co.uk/toyota-helps-make-copper-recycling-possible
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Table 12 Approximate recycled and primary material content in vehicle, total by
percentage

Vehicle type Recycled Primary
BEV 21% 79%
PHEV 26% 74%
Conventional petrol engine vehicle 30% 70%
Conventional diesel engine vehicle 31% 69%

Based on Table 12, the LCA model assumes that all vehicles (whether
conventional or plug-in electric) have approximately 20-30% overall recycled
content, but this proportion varies significantly between aluminium, copper and
steel for the four technologies.?® The model considered the recycled content of
these materials in two ways — (1) taking into account the impact associated with
reprocessing scrap material into useful product, and (2) avoiding the impacts from
the primary material that would have otherwise been used.

4.2 Stage 2: Importing

Japanese importing assumptions

New Zealand no longer manufactures, at mass production scale, any new vehicles,
and therefore almost all vehicles entering the market are imports. These imports
comprise both new and used vehicles. Current industry market data (2014) shows
that 70% of all conventional petrol engine vehicles and 88% of all PEVs entering
the New Zealand market (both new and used) are Japanese.

Therefore, this study assumes that the origin of the chosen vehicles was Japan. It
is assumed that vehicles are transported via ship. The estimated distance from
Japan to New Zealand is assumed to be approximately 9,500km (Tokyo to
Wellington terminals).

4.3 Stage 3: Operation and use

The following assumptions were made with regard to the operation of the vehicle.
‘Operation’ includes the fuel and energy used to drive the vehicle, as well as
maintenance activities.

NZ electricity mix assumptions

The study utilised a modified version of the New Zealand electricity unit
processes® from the Australasian System Process Life Cycle Inventory (LCI).
This system process is based upon an attributional model and uses Australian
default settings for New Zealand power in 2007.

29 There may be further recycling content in the form of plastics and other materials, but are much
smaller by weight.
30 AusLCI (2010) Electricity, New Zealand, low voltage/NZ S
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For the purposes of this study, energy production and emission values were
updated to 2013 levels, utilising publicly available data (described below) for
electricity generation, greenhouse gas emission and air pollutant data. Where data
Is unavailable, Australian NPI pollution data was used as a proxy. The following
sources of data were used in this study:

e Electricity mix by fuel type: the composition of the electricity mix was
obtained from government data for 2013 (the most complete emissions and
electricity generation dataset available).

Data reference: New Zealand Ministry of Business, Innovation and
Employment (2015) Quarterly Electricity Graph and Data Tables, Table 2

e Energy transformation for electricity: data for electricity generation using
coal and gas was obtained from government data for 2013.

Data reference: New Zealand Ministry of Business, Innovation and
Employment (2015) Coal Data Tables, and Gas Data Tables

e Carbon and pollutant emissions from energy generation: data for carbon
and pollutant emissions (CO2, CH4, N2O, CO, NOx, NMVOCs, and SO) were
obtained from government data for 2013. These were direct emissions from
the electricity generation sector for various fuels, including gas, coal and
geothermal sources.

Data reference: New Zealand Ministry of Business, Innovation and
Employment (2015) Energy Greenhouse Gas Emissions (2013 Calendar Year
Edition), web tables

Full details of the unit processes and data flows for electricity considerations are
included in Appendix E.

Fuel assumptions

New Zealand imports nearly all of its transport fuel. Some of this is as crude oil,
which is then refined by The New Zealand Refining Company at the Marsden
Point refinery. Refined products include petrol and diesel products, which are
used as vehicle fuels. The New Zealand Refining Company is the only oil refinery
in the country, and the small remainder is refined internationally with the refined
products imported directly to New Zealand.

Although there is data regarding amounts and proportions of imported refined oil,
and refined oil in New Zealand, there is very limited publicly available data
regarding direct emissions from the refinery processes occurring in New Zealand.
Given this limited information, average global petrol and diesel life cycle
inventory data from ecoinvent v3.1 has been used.

Vehicle fuel and electricity consumption rates

Vehicle fuel and electricity consumption rates are arguably the most influential
parameters in this study, since vehicle LCA comparison results are normally
dominated by the operational stage in a vehicle’s overall life, and all aspects of
the operational stage are proportional to these consumption rates.
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The fuel and electricity consumption rates adopted in the model for the four
vehicle technology types are shown in Table 13. These figures are derived from
official vehicle testing cycle results but are also adjusted upwards to account for
various real-world driving effects that tend to increase them in practice.

Table 13 Fuel and electricity consumption rates (assumed real-word driving effects) for

the four vehicle technology types

Efficiency/emissions | Conventional | Conventional | BEV PHEV
petrol engine diesel engine
vehicle vehicle
Petrol (L/100km) 8.40 - - 6.44
Diesel (L/100km) - 7.13 - -
Electricity - - 22.0 20.0
(KWh/100km)

The petrol, diesel and electric vehicle values are derived from standard Australian
Design Rules (ADR) 81/02 test cycle results for specific makes/models that are
representative of the Japanese mid-sized car benchmark for this study. ADR
81/02 test cycle results for the PHEV were not suited to this study’s modelling
methods, so the PHEV data was derived from certified US government testing of
equivalent vehicles on a similar test cycle®. This allowed the PHEV fuel and
electricity rates to be input separately but then weighted based on a factor derived
from NZ real-world driving statistics (the PHEV data presented in Table 13 is
unweighted, but also subject to the utility factor parameter described below).

For all four technologies, a real-world consumption scaling factor of 1.273 was
applied to increase the standard test values®?, and in the case of the PHEV this
also adjusted the utility factor, as discussed below. The values in Table 13
include this real-world scaling factor, which was derived from NZ fleet statistics
that compared real-world fleet fuel consumption to the average test-cycle
consumption rates of the current NZ light vehicle fleet registrations. This real-
world scaling factor is also consistent with international observations.

For the petrol, diesel and PHEV, the fuel consumption rate is as measured at the
fuel pump / filling station. For the PHEV and BEV, the electricity consumption
rates are as measured at the AC charging socket; thus, these are all-inclusive
figures that include net battery energy with regenerative braking as well as net
recharging losses. The underlying data suggests a net AC to DC electrical
recharging efficiency in the range of 85-90% for both types of electric vehicle®,

31 The Urban Dynamometer Driving Schedule (UDDS) has some subtle differences to the ADR
81/02 but was judged similar enough (well within the bounds of uncertainty for this study) to be an
appropriate data point for the PHEV figures (which are subsequently adjusted via the NZ-derived
utility factor, which is also subject to further uncertainty).

32 New Zealand fleet statistics (Ministry of Transport, 2013) show an average test-cycle fuel
consumption for petrol vehicles of 7.72L per 100km (Tab 7.72), compared to an average real-
world fuel consumption for petrol vehicles of 9.83L per 100km. The ratio is 1.273:1.

33 International Council on Clean Transportation

3 Rigorous testing and data collection by the US Government’s Advanced Vehicle Testing
Activity (http://avt.inl.gov) for the makes/models in question showed battery round-trip
efficiencies of 98% and on-board charger efficiencies of 87-91%, providing net results of 85-89%.
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but this factor is listed here for guidance only, as it is not an input to the LCA
model.

Electricity utility factor of PHEVs

PHEVs are powered by two sources of energy (electricity and petrol/diesel) and
typically have two distinct modes of operation (electric-only and hybrid).
Assuming a PHEV has been fully recharged before use, a typical trip commences
in electric-only mode and continues up to the limit of the all-electric range (AER),
and then switch to petrol- (or diesel-) fuelled hybrid mode for any further distance
travelled. Therefore, a “utility factor” must be calculated to determine the split of
electricity and petrol used by a PHEV over its lifetime.

The utility factor is a complex parameter based on the real-world AER of PHEVS,
typical vehicle daily travel distances and the frequency of vehicle recharging®.
Based on rigorous testing of various PHEV models by the US Department of
Energy, the real world AER for an equivalent (mid-sized) PHEV car in New
Zealand was determined to be 60km (also including the real-world adjustment
factor described above). Comparison of this performance against the daily vehicle
travel statistics in Section 3.4 derived a real world electric utility factor
assumption of 74% for the base case PHEV when averaged over its full operating
lifetime.

Daily Travel Distribution vs. PHEV Utility Factor for All Cars in NZ
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Figure 8 PHEV Utility Factor for cars in New Zealand®®

35 Gonder and Simpson (2007) Measuring and Reporting Fuel Economy of Plug-In Hybrid-
Electric Vehicles, Proc. World Electric Vehicle Association Journal, volume 1.
3 Derived in this study from the travel dataset underlying Figure 8.
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Emission standards of standard vehicles

New Zealand has rules and regulations regarding the tailpipe emission standards
of vehicles entering the country. These regulated tailpipe emissions include
toxins such as carbon monoxide and fine particulates in the case of diesel
vehicles. The most updated set of regulations is the Vehicle Exhaust Emissions
Amendment 2013, based on the Land Transport Rule: Vehicle Exhaust Emissions
2007. These regulations state the emission standards required of a vehicle
depending on import date, and the manufacture date of the vehicle. Currently, any
diesel and petrol vehicle imported with a manufacture date from 2013 onwards
needs to meet emissions standards of EURO 5 and Japan 05.

Therefore, given this study primarily assesses relatively new vehicles (whether
conventional or plug-in electric), the study assumes that all petrol-based vehicles
have EURO 5 levels of tailpipe emissions. Given that EURO 5 levels of tailpipe
emissions are of the highest standards in the NZ market, the LCA compares PEVs
against the relatively ‘cleanest’ conventional vehicles available on the market.
Furthermore, due to a lack of suitable data, no adjustment was made for the real-
world tailpipe emissions rates from conventional vehicles (which can be
significantly higher than test cycle rates), so the overall net benefits of PEVs in
this regard are estimated conservatively in this study.

For the PHEV, tailpipe emissions were pro-rated to those of a petrol conventional
vehicle, by the percent of fuel consumed over if its lifetime. This simplifying and
conservative assumption was made due to a lack of suitable PHEV-specific data.

Vehicle lifetime

For the purposes of this study, vehicle lifetime is measured in kilometres travelled
by the vehicle over its full life. This is irrespective of the number of owners of the
vehicle over its lifetime, or the vehicle’s country of operation during different
stages of its life. NZ fleet data indicates that passenger cars exit the fleet (are
disposed of at end of life) with 210,000 km on the odometer. Therefore, a vehicle
life of 210,000 km has been assumed for all vehicle technologies (conventional
and plug-in electric). Note that there is little data on the retirement of PEVs due to
the lack of maturity in their market (refer to Section 3.2), and thus well-informed
inferences are required.

Battery replacement

The durability of batteries used in PEVs is continually improving. With 2M-
generation PEV products now entering the global market, it is increasingly
suggested that the batteries will last the life of the car. However, in the case of the
New Zealand market, the average vehicle life is relatively long (20 years and
210,000km as described above) and many vehicles entering the market are used-
imports with an uncertain usage history.

Current BEV products in the US market come with battery warranties of eight
years or 160,000km (whichever comes first) and several BEV manufacturers have
stated on public record that their batteries have a life expectancy of 10 years (or
more) given acceptable rates of degradation. Given that in New Zealand the
vehicle life significantly exceeds this battery life expectancy, and that the battery
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is the sole source of propulsion for the car, this study assumed that at least one
BEV battery replacement will occur during the life of the vehicle in New Zealand.
A further battery replacement is considered as a sensitivity case.

Current PHEV products in the US market also come with battery warranties of
eight years or 160,000km (whichever comes first), but public statements by
PHEV manufacturers generally suggest these batteries are expected to last the life
of the car given acceptable rates of degradation. This is because in a PHEV the
battery is not the sole source of propulsion and the hybrid control system can
alleviate the battery load if necessary over time. Therefore for New Zealand this
study assumed in the base case that no battery replacement was required during
the life of PHEVs (but a single battery replacement is considered as a sensitivity
case).

All battery replacements for both BEVs and PHEVs are assumed to occur within
the New Zealand phase of a vehicle’s life (not Japan). All replacement batteries
are assumed to be manufactured in and imported from Japan, and any used
batteries are assumed to be disposed of in New Zealand.

4.4 Stage 4: End of life

Treatment at the end of life of the vehicle has also been considered in this study.
This accounts for the disposal and waste treatment processes applied to the entire
vehicle, including its key components.

The study assumed that vehicles at their end of life will be scrapped for recycling
of materials, with the remaining non-useful waste being disposed of. This applies
to vehicle gliders and drivetrains for both conventional and PEVs. This is
common practice occurring in New Zealand today.

Treatment of batteries

There is currently no market for recycling PEV batteries in New Zealand due to
the currently low number of relatively-new PEVs and the lack of used batteries as
aresult. Globally, however, there is a growing industry for battery recycling, with
a particular focus on the emerging PEV market. There are two methods applied
for battery recycling — a hydro-metallurgical and pyro-metallurgical process for
separating and extracting useful materials from used batteries. It has been
assumed that an equal split of these processes would be applied to used PEV
batteries in New Zealand. Recycled material has also been taken into account in
battery manufacturing as described in Section 4.1.

Unit processes for these end-of-life battery treatments are available on ecoinvent
v3.1. Direct emissions from these treatments were assumed to be the same (per kg
of waste treated) in New Zealand as in Europe. However, because of the differing
generation profiles of European and New Zealand electricity, the requirements for
waste treatment in the European data set were substituted with the New Zealand
electricity system processes developed for this study (refer to Section 4.3).
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1SO 14044:2006 Section 5.1.1

The results and conclusions of the LCA shall be completely and accurately reported without
bias to the intended audience. The results, data, methods, assumptions and limitations shall be
transparent and presented in sufficient detail to allow the reader to comprehend the complexities
and trade-offs inherent in the LCA. The report shall also allow the results and interpretation to
be used in a manner consistent with the goals of the study.

The following section presents the results for the life cycle assessment of PEVs
compared to conventional vehicles. These results account for impacts across the

entire life cycle of the vehicle. The processes that are covered as part of the

assessment are described in more detail in Section 2.

This study assesses the impacts of each vehicle technology across their life cycles
in the two broad areas of environmental impacts, and impacts upon human health.
The first category is further divided into impacts on climate change, resource
depletion, cumulative energy demand, the emission of species contributing to air
acidification and eco-toxicity. The second category is divided into human toxicity,
and also the emission of particulate material and the emission of species
contributing to photochemical oxidisation, both of which are known to have
harmful effects upon human beings.

5.1 Results summary

The following table provides a summary of all impact categories assessed for this
study, against the four vehicle technologies.

Table 14 Life cycle assessment results (per km of vehicle travelled)

Vehicle
technology 08)’ — % 2z 2
c L = § T
S g Es |28 |oc |8 g =
g S Sk S > e= c X =
© L o ® 2 2 =T © Ic] 2
E E% |28 |§¢ |22 | E 8 =
(S) o £ a O O W @ A I L <
kg kg kg MJ kgSb | CTUn | CTUe | kg SO2
CO2e PM2s | C2H2 LHV
Conventional
. 11.2 11.2 4.69 7.76 7.42
petr_ol engine 0.26 E-05 E-05 4.36 E-05 E-08 6.13 E-04
vehicle
dC.ZQZf ngirr]]ael 0.22| Il 68L) 5, 494 806 gep ) 715
€l eng : E-05| E-05 ' E-05| E-08 ' E-04
vehicle
Plug-in hybrid
. . 9.72 7.45 5.20 14.7 6.80
electric vehicle 0.15 2.79 7.06
(PHEV) E-05 E-05 E-05 E-08 E-04
Battery electric 8.41 5.89 4.41 17.3 6.83
vehicle (BEV) 0.11 E-05 E-05 2.56 E-05 E-08 5.62 E-04

243139-00 | Final | 10 November 2015 | Arup, Verdant Vision

ARUP-VERDANTVISION - NZ EECA ELECTRIC VEHICLES LCA - TECHNICAL REPORT FINAL 13.11.2015.00CX

Page 44



Energy Efficiency and Conservation Authority Life Cycle Assessment of Electric Vehicles
Final Report

It should also be noted that each impact category underwent an uncertainty
analysis on comparative results from vehicles. This analysis, described in detail in
Section 6.5, was undertaken to ascertain the degree of confidence in the following
impact category results:

e (Section 5.2) Out of the human health related impacts, the categories with high
certainty in results are particulate matter and photochemical oxidation. The
result related to human health toxicity, on the other hand, has high uncertainty,
and the comparative results should be interpreted with this in mind.

e (Section 5.3) As for the environmental related impacts, the categories with
high certainty in results are climate change and cumulative energy demand.
The results for the resource depletion, air acidification and ecotoxicity
categories have high uncertainties, and the comparative results should be
interpreted with this in mind.

In Figure 9 and Table 14, which summarises the study findings, the impact
categories highlighted in grey signify those categories with high uncertainties
associated with its results.

0.26 1.12E-04 1.12E-04 4.36
kg CO.e kg PM_s eq kg CzH; eq MJ LHV
Climate Change Particulate Matter Photochemical Cumulative Energy
Oxidation Demand
5.20E-05 1.73E-07 7.06 6.13
kg Sb eq CTUh (log) CTUe kg SO,
Resource (Abiotic) Human Health Ecotoxicity Air Acidification
Depletion Toxicity
H Conventional Vehicle — petrol E Conventional Vehicle - diesel
Plug-in Hybrid Electric Vehicle (PHEV) u Plug-in Battery Electric Vehicle (BEV)

Figure 9 Life cycle assessment results (per km of vehicle travelled)
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5.2 Environmental related impacts

The environmental impacts of motor vehicles are not confined to the impact that
they have in operation. The processes involved in extracting the raw materials, the
manufacture and the disposal of the vehicle at the end of its life all have an impact
in terms of the production of greenhouse gases, the depletion of mineral and fossil
fuel resources, the total (cumulative) consumption of energy resources, the
production of substances that are toxic to species other than human beings and the
emission of substances that acidify the air. This study assessed the impact of each
of the vehicle technologies with respect to these categories.

52.1 Climate change

The first impact category considers climate change or an assessment of the global
warming potential (GWP) of the four vehicle technologies. GWP is a measure of
the increase in heat that rises in the atmospheric concentration of the so-called
‘greenhouse gases’ will produce. Greenhouse gases — of which carbon dioxide is
the most abundant and best-known — are a range of gaseous compounds that
absorb and re-emit infrared radiation; an increase in atmospheric concentration of
these gases has the effect of retaining heat in the lower atmosphere (much as the
glass retains heat in a greenhouse). The GWP of any given gas is described in
terms of the equivalent quantity of carbon dioxide (COze), which facilitates the
comparison of the relative impacts of various gases released into the atmosphere.

Our findings reveal that the conventional vehicles have the highest overall impact
in this category, with 0.26 kg COze per km travelled over the lifetime of a
conventional petrol engine vehicle, and 0.22 kg COze per km travelled over the
lifetime of a conventional diesel engine vehicle.

As illustrated below, the majority of the contribution to climate change is
associated with the operational phase of each vehicle technology. Combustion of
petroleum fuels yielded the greatest impact in this category with, 0.21 kg COze
per km travelled over the lifetime of a petrol vehicle, and 0.17 kg CO2e per km
travelled over the lifetime of a diesel vehicle.
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Figure 10 Climate change impact

The climate change impacts of the two PEVs as measured by GWP are more
evenly split between the manufacturing and production and operational phases.
The BEV makes the lowest contribution to climate change over its life cycle, with
the low operational impacts arising from low carbon emissions in the New
Zealand electricity mix. It should be noted that any significant change in New
Zealand’s electricity generation portfolio (such as the planned closure of the
Huntley coal-fired generation plant) could change this assessment.

In relation to the manufacture and production of the BEV, approximately a quarter
of the impacts are associated with the manufacture of the lithium batteries (noting
that in the base case presented, two batteries are presumed to be required over the
210,000km lifetime), with the other major contributors being emissions associated
with the production of reinforced steel and electricity consumed during
manufacture. The source of impacts for the PHEV is similar to the BEV, although
there is a larger contribution to climate change during operation of the PHEV due
to its partial use of a petroleum-based fuel for propulsion.
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52.2 Resource (abiotic) depletion

Resources, including minerals and fossil fuels, are used at every stage of the
production, operation and disposal of motor vehicles. Many — if not most — of
these are finite, some in shorter supply than others. There is a widespread public
perception that some of the minerals used in the construction of electric vehicles
(such as lithium, and the so-called rare-earth metals) are very scarce. The Abiotic
Depletion Factor (ADF) is used to measure the extent to which mineral and non-
renewable energy resources are consumed. This impact category specifically
considers the economic and technical capability of resource extraction at the time
of analysis, in this case, for 2002.

Antimony is used as a reference in considering mineral depletion. The extraction
of individual minerals is reckoned as kilograms of antimony per kilogram of
material extracted (kg Sb/kg extraction), and overall mineral depletion is
measured in terms of kilograms of antimony-equivalent (kg Sh). These weightings
are based on individual mineral reserves and the rates of de-accumulation for
those minerals.

The results for the four vehicle technologies are provided in Figure 11.

m Production - Miscellaneous m Production - Battery

m Production - Engine and Drivetrain m Production - Chassis and Common Parts
Importing m Operation - Driving

m Maintenance m \Waste

Conventional petrol engine
vehicle

Conventional diesel engine
vehicle

Plug-in hybrid electric vehicle
(PHEV)

Battery electric vehicle (BEV)

0.E+00 1.E-05 2.E-05 3.E-05 4E-05 5E-05 6.E-05
Resource (Abiotic) Depletion (kg Sb eq)

Figure 11 Resource depletion impact

In broad terms, each of the vehicle types consistently contributes to resource
depletion across its life cycle stages:

e Approximately 43-50% of impacts are accounted for in the production of
the main components (the engine, drivetrain, chassis and common parts).
Note that the lithium-ion batteries and drivetrain of the BEV are
equivalent (but lower) than the impact of conventional vehicle engines and
drivetrains.
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e Additionally, all vehicles contribute to resource depletion in maintenance,
mainly due to the need for lead-acid battery replacements, which accounts
for 34-41% of impacts. It should be noted at this point that BEVs use
lead-acid batteries for auxiliary power purposes. It was therefore assumed
that all vehicles would experience the same lead-acid battery replacement
schedules across the lifetime of the vehicle (i.e. once every four years).
Lead-acid batteries can be highly recycled (potentially more than 90% of
lead can be recovered). However, in new lead-acid batteries, the recycled
content of lead is around 50-60%. The ecoinvent v3.1 dataset used in this
study assumes a 50.3% recycled lead content in batteries.

BEV and PHEV demand significant amounts of metal such as aluminium, copper
and steel, above the levels commonly used in conventional vehicles. This material
demand is required by electronic componentry including motors, charger,
batteries, wiring and circuitry etc., as well as the underlying chassis which is
typically heavier also.

Our findings in this category demonstrate that the resource depletion impacts are
highest for the PHEV, at 5.20E-05 kg Sb per km travelled over the lifetime. A
large proportion of this impact (approximately 31%) occurs during production of
the PHEV. This is logical, given it requires the manufacture of its battery and not
one but two power components — the ICE and electric drivetrains — whereas the
BEV and conventional vehicles have only the one or the other.

The BEV has the lowest impacts in terms of resource depletion, 4.41E-05 kg Sb.
The production of the battery is a greater contribution to mineral depletion (again
noting that two batteries have been assumed to be required over the BEV lifetime
in the New Zealand context).

Regarding rare earths

There is a common public belief that electric vehicles use so-called “rare-earth”
metals in their manufacture, probably because many conventional hybrid electric
vehicles used lanthanum in the chemistry of their lithium-ion batteries. All vehicle
technologies do indeed use amounts of rare-earths, especially PEVs, which use
neodymium in the electromagnets of their drivetrains. Yet the resource depletion
impact associated even with this component was found to be negligible. And
contrary to another popular misconception, the lithium used in PEV batteries (in
the form of salts) is neither a rare-earth, a precious nor even a particularly scarce
metal. Lithium was found to contribute less than 1% of the resource depletion
impact for electric vehicles.

Regarding fossil fuels

In overall resource depletion terms, the impact of fossil fuel consumption is
minimal, even in conventional engine technologies. The entire “use” phase, which
includes fuel consumption and tyre wear, accounts for 1.1% of resource depletion
impacts for the petrol conventional vehicle, and 0.77% for diesel. It should be
reiterated that this impact category takes into account fossil fuel depletion for
crude oil, of which petroleum is a derivative. Crude oil, as consumed in the use
phase, contributes 0.052% of total resource depletion impact for a petrol vehicle.
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5.2.3 Cumulative energy demand

Cumulative energy demand evaluates the amount of energy consumed during the
series of processes undertaken over the course of the life of the vehicle, including
material extraction, manufacture, operation of the vehicle, and its end-of-life
disposal. This category does not distinguish between differences sources of
energy, and therefore accounts for energy from all sources, whether they be fossil
or renewable.

Our assessment shows the highest cumulative energy demand per km occurs with
the conventional petrol engine vehicle. Both PEV technologies perform well in
this metric and better than their conventional counterparts. Across all technology
types, the operational phase contributes to the majority of cumulative energy
demand. This affirms that the conversion of electricity into kinetic energy to
propel a vehicle is more efficient than using energy from combustion.
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Figure 12 Cumulative energy demand impact
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524 Ecotoxicity

The ecotoxicity impact category considers impacts (particularly due to toxic
stress) on species other than human beings for the life cycles of the four
technologies.

It should be noted that these results have high uncertainties, as per the results of

the uncertainty analysis undertaken on this impact category (discussed in Section
6.5). In context of these high uncertainties, it can be interpreted that there are no

significant differences of results between the vehicles.

The assessment indicates that BEVs have lower levels of impact per km travelled
compared to the conventional vehicles. PHEVs, by contrast, show the highest
impact.
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Plug-in hybrid electric vehicle
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Battery electric vehicle (BEV)
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Figure 13 Ecotoxicity, comparison of vehicles

As with human health (see below), the largest contribution to the eco-toxicity
result for PEVs arises from the manufacture and production phase, as shown in
Figure 14. The production of the lithium battery (noting that two are assumed to
be required over the BEV lifetime) represents the largest contribution during this
stage, followed by the manufacture of the glider and powertrain for both the
PHEV and BEV.
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Figure 14 Ecotoxicity impact, breakdown by life cycle stages

Again, as for human health toxicity, a majority of impacts are attributed to the
resource extraction processes, particularly those of copper and gold. This is
demonstrated in the flow of impacts in Figure 15. The PEV batteries contain a
high amount of copper, of which most (65%) comprises primary material. (The
sensitivity to recycling rates is tested in Section 6.2).
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Figure 15 Ecotoxicity flows for BEVs
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5.25 Air acidification

Air acidification refers to the total emissions of acidifying substances (such as
sulphur dioxide) released into the air over the life cycle of a vehicle (and therefore
may occur during manufacture, as well as the tailpipe emissions in vehicle
operation). These emissions also arise in the generation of electricity from fossil
fuels. Emissions that promote air acidification are of concern as this, in turn, can
produce a decline in the pH (acidification) of water bodies and of vegetation, with
subsequent deleterious effects for ecosystems.

The LCA results for this impact category are presented in Figure 16. It should be
noted that these results have high uncertainties, as per the results of the
uncertainty analysis undertaken on this impact category (discussed in Section 6.5).
In context of these high uncertainties, it can be interpreted that there are no
significant differences of results between the vehicles.

m Production - Miscellaneous m Production - Battery

m Production - Engine and Drivetrain m Production - Chassis and Common Parts
Importing m Operation - Driving

m Maintenance m\Waste

Conventional petrol engine
vehicle

Conventional diesel engine
vehicle

Plug-in hybrid electric vehicle
(PHEV)

0.E+00 2.E-04 4.E-04 6.E-04 8.E-04
Air Acidification (kg SO,)

Figure 16 Air acidification impact

Over its life cycle, the petrol vehicle is the highest contributor to air acidification,
with 7.42E-04 kg SOz per km travelled, followed by the diesel vehicle with
7.15E-04 kg SO per km travelled. The majority of impacts for conventional
vehicles are associated with the fuel consumed in the operational phases, with the
petrol engine providing a greater contribution to air acidification per km when
compared to diesel.

PEVs show lower impacts compared to conventional vehicles. In contrast to
conventional vehicles, the manufacturing and production phases contribute
significantly to air acidification for both the BEV and PHEV. Within the
manufacture and production of the BEV, the production of lithium batteries
(noting that two assumed in our model over the BEV lifetime) provide the single
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greatest impact in this category, followed by the production of reinforced steel for
the chassis and common parts. For the PHEV, the manufacture of the chassis and
drivetrain (particularly steel and aluminium) is the greatest contributor.

It should also be noted that electricity from coal (a proportion of the electricity
used to charge batteries) contributes 17.3% of the air acidification impact of
BEVs, with electricity from natural gas contributing 8.69% of the impact. For
PHEVs, the contributions are 11.7% and 5.87% respectively. If the imminent
closure of coal-based electricity generation in New Zealand occurs (and provided
the replacement and additional electricity is generated from renewable sources),
air acidification impacts for EVs could potentially reduce.
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5.3 Human health related impacts

Besides impacts upon the environment, certain emissions produced in each of the
phases of a vehicle’s life cycle have the potential to harm human health and well-
being. Particulate matter — fine, airborne particles of material — and emissions
species that react with sunlight to produce harmful substances in the atmosphere,
together with other products that are toxic to human beings, can be produced in
the mining of raw materials, the manufacture of vehicles, their operation and their
disposal. This study examines the impact of the four technologies in each of these
categories.

5.3.1 Particulate matter

Fine particulate material in the atmosphere has been proven to be associated with
serious diseases — particularly of the lung — in human beings. For example, in
2008 the Greater London Authority estimated that 4,267 deaths in London could
be attributed to long-term exposure to fine particles, many of which arose from
the operation of conventional vehicles in the London metropolitan area®’
Particulates can arise as a first-order product of chemical processes such as
combustion, or as a second-order effect where chemical emissions react in the
atmosphere to produce particulates.

The particulate matter considered in this LCA is both from vehicle tailpipe
emissions, as well as from the production of energy, material extractions and other
processes involved in the mining of raw materials, manufacture, maintenance and
disposal of the vehicle. Therefore, by contrast with others, this study does not
limit its consideration of particulate material to that emitted from a vehicle, but
considers all those across its life cycle. Figure 17 demonstrates the amount of
particulate matter emitted throughout the life cycle of each of the vehicles.

37 Miller. B (2011) Report on estimation of mortality impacts of particulate air pollution in
London, Greater London Authority
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Figure 17 Particulate matter impact

The assessment shows that emission of particulate material is greatest for the
conventional vehicles, with petrol vehicles being the most significant emitters.
Most of this impact arises from both the tailpipe emissions of the vehicle and from
refining and extracting the fuels required (petrol and diesel). As shown in Figure
18, although tailpipe emissions from diesel vehicles are more than 3.7 times
higher than petrol vehicles, the life cycle particulate emissions from the
production of petrol (compared to diesel) is far greater in magnitude and by
comparison.

Conventional
petrol engine
vehicle

Conventional
diesel engine
vehicle

0.E+00 1.E-05 2.E-05 3.E-05 4.E-05 5.E-05 6.E-05

m Tailpipe Emissions  ® Fuel (Lifecycle)

Figure 18 Use phase particulate matter comparison of petrol vs diesel conventional
vehicles (per km travelled)
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For PEVs, a majority of particulate matter impacts are from the production stages,
with significant contributions from the manufacture of chassis and common parts,
as well as of the drivetrain and battery (noting that two batteries are presumed to
be required over the BEV lifetime). The significant contribution from the PHEV
drivetrain is due to the high content of wrought aluminium (80% unrecycled) as
per the ecoinvent v3.1 dataset. Similarly, the battery incorporates a high amount
of copper (65% unrecycled) and wrought aluminium. The sensitivity to these is
tested in Section 6.2.

Significance of air quality issues with respect to vehicles

The introduction of PEVs is commonly advocated on the basis of improved air
quality, with an associated benefit to humans being a reduction in respiratory
illness. It was desirable to determine whether this model would validate the
potential benefit of PEVs with regard to New Zealand air quality. However, a
limitation of the US toxicity models is that they do not address emissions
associated with such illnesses. The outcome is that substances such as the
particulate material and nitrogen oxides that commonly occur in conventional
vehicle tail pipe emissions are not being picked up and accounted for in the
results. This has implications for the assessment of the impact upon human health.
According to the model, the operational phase of both the conventional petrol and
diesel engine vehicles have only marginal impact. As a result, the potential benefit
of adopting PEVs, particularly in urban area use, could not be properly
understood.

To address this shortcoming in the model and to provide a more rounded
assessment of the impact of the differing vehicle technologies upon human health,
the study included an indicator of particulate emissions.

The particulate matter indicator shows that conventional petrol and diesel engine
vehicles both create greater emissions over the life cycle than PEVs, and that
these can mostly be attributed to vehicle operation: i.e. tailpipe emissions. The
significance of this finding for human health is increased when it is considered
that the effect (tailpipe emissions) is at its greatest in and near areas of dense
population. While the BEV produces a 25% net overall benefit, it is not without
impact with regard to emission of particulates. Yet because most of the particulate
matter emitted in the life cycle of a BEV can be attributed to primary extraction
and production, it can be argued that it represents a significantly reduced hazard,
as most of these emissions are produced remote from population concentrations.

243139-00 | Final | 10 November 2015 | Arup, Verdant Vision Page 58

ARUP-VERDANTVISION - NZ EECA ELECTRIC VEHICLES LCA - TECHNICAL REPORT FINAL 13.11.2015.00CX



Energy Efficiency and Conservation Authority Life Cycle Assessment of Electric Vehicles
Final Report

5.3.2 Photochemical oxidation

Emissions of substances such as nitrogen oxides and VOCs occur over a vehicle’s
life cycle and can react with sunlight to form chemical compounds such as ozone.
While ozone is produced naturally in the upper atmosphere and performs a
function that is vital to the existence of life on earth, it is a dangerous substance
when found at ground levels. This process is known as photochemical oxidant
formation, and is measured in this impact category. A comparison of life cycle
impacts are provided in Figure 19.

m Production - Miscellaneous m Production - Battery

m Production - Engine and Drivetrain m Production - Chassis and Common Parts
Importing m Operation - Driving

= Maintenance m Waste

Conventional petrol engine vehicle -_
Conventional diesel engine vehicle -_
Plug-in hybrid electric vehicle (PHEV) I_-
Battery electric vehicle (BEV) ---

0.0E+00 2.0E-05 4.0E-05 6.0E-05 8.0E-05 1.0E-04 1.2E-04

Photochemical Oxidation (kg C,H, eq)

Figure 19 Photochemical oxidation impact

The petrol vehicle provides the largest contribution to photochemical oxidation by
an order of magnitude per vehicle km travelled over its life cycle when compared
with the other three vehicles. The figure clearly emphasises that this contribution
stems from the photochemical oxidation impact of conventional petrol engine
vehicles during their operational phase, a logical consequence of the chemistry of
combustion of unleaded petrol.

For the same reason, the PHEV, which has a petrol engine, has the next-highest
life cycle photochemical oxidation impact per km travelled, although considerably
less than that of the conventional petrol engine vehicle. However, in the absence
of more precise emissions data for a PHEV, this study used a figure for emissions
that was based on pro-rating conventional petrol engine results, which may have
overstated PHEV emissions. In practice, PHEVs take advantage of their hybrid
architecture and employ combustion techniques and engine control strategies that
can achieve photochemical oxidant emissions significantly lower than the pro-
rated level.

The PHEV and BEV have the highest and a similar impact per km travelled
during production. The chassis and common parts are the greatest source of
contribution to photochemical oxidation during the production of these vehicles.
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5.3.3 Human health toxicity

Besides particulate material, some of the processes involved in the manufacture,
use and disposal of motor vehicles can produce substances that are toxic to human
beings. The life cycle human health impacts (excluding particulates) of the four
vehicles are illustrated in Figure 20, using a logarithmic scale as the horizontal
axis. A logarithmic scale has been used as total impacts for toxicity impact
categories should be compared against order of magnitude differences. This is
because the total human health toxicity impacts are small, and the results show no
significant difference between electric vehicles and conventional vehicles.

It should also be noted that these results have high uncertainties, as per the results
of the uncertainty analysis undertaken on this impact category (discussed in
Section 6.5).

Conventional petrol engine vehicle

Conventional diesel engine vehicle

Plug-in hybrid electric vehicle (PHEV)

Battery electric vehicle (BEV)

1.E-12 1E-11 1E-10 1.E-09 1.E-08 1.E-07 1.E-06

Human Health Toxicity CTUh (logarthmic)

Figure 20 Human health toxicity, comparison of vehicles under logarithmic scale

For the BEV and PHEV these impacts are almost solely associated with
manufacture and production (around 85-93% of the human health impacts per km
travelled). However, a majority of these products are from material and resource
extraction (rather than the manufacturing or production process), particularly the
extraction of materials for the battery (noting that two are presumed to be required
over the BEV lifetime). A breakdown of life cycle contributions to human health
toxicity are shown in Figure 21.
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Figure 21 Human toxicity impact, breakdown by life cycle stages

The PEV batteries contain a high amount of copper that is mostly (65%)
comprised of primary (that is, not recycled) material. The sensitivity of the study’s
results to rates of copper recycling is tested in Section 6.2. The figure below
demonstrates where the main sources of impacts arise, which is primarily from the
extraction and primary production processes for obtaining copper and gold as a
raw material. The human health toxicity models are weighted heavily against raw
materials such as copper and gold, and the results should be considered in light of
this.
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Figure 22 Human health toxicity flows for BEVs
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Social impacts of mining

One concern that is occasionally voiced regarding PEVs is that their greater use of
metals produces undesirable “upstream’ human impacts (that is, in the raw
material extraction and manufacturing stages of the PEV life cycle).

While the LCA cannot speak to the allegation that deleterious “social” impacts are
suffered by communities where PEVs or the raw materials in their manufacture
are produced (the LCA is based on physical flows and emissions), it does generate
results that shed light on upstream human health implications. Both the PEV and
conventional vehicles LCA models developed for the study account for a complex
mix of materials. All these material inventories rely upon data which is
representative of world or regional average in their makeup. This means it is not
possible to say with any precision where the materials going directly into New
Zealand conventional vehicles or PEVs originate. The data applied in this study
most strongly indicate North America, Asia and the Pacific as sites of this impact.
Rather than speculate, however, some general observations can be made.

The human health toxicity indicator is dominated by metals including steel,
aluminium and especially copper in all vehicle types. The PEVs with their greater
need for copper, particularly in battery manufacture, carry the greater impact.
Sulphide tailings and the many trace compounds (e.g. mercury, cadmium,
chromium, etc.) are the main source of impact as they leach into water systems
causing human health implications.

It must be stated however that the magnitude of the calculated emissions on this
issue are very small. Indeed it has been necessary to represent them on a log scale
so as to draw out meaningful interpretation of the data.

The conclusion is that although the PEVs perform worse than conventional
vehicles on upstream human health toxicity implications, the size of these impacts
overall are determined as very small. Additionally, comparative results related to
this impact category have high uncertainties, as discussed in Section 6.5.
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6 Sensitivity and uncertainty analysis

The objective of the sensitivity check is to assess the reliability of the final results and
conclusions by determining how they are affected by uncertainties in the data, allocation
methods or calculation of category indicator results, etc.

The sensitivity check shall include the results of the sensitivity analysis and uncertainty
analysis. The output of the sensitivity check determines the need for more extensive and/or
precise sensitivity analysis as well as shows apparent effects on the study results.

ISO 14044:2006 Section 4.5.3.3

A life cycle assessment is built on a range of factors and assumptions each and all
of which can have a bearing upon results. The selection of assumptions is
particularly important, as certain assumptions chosen as part of this study are
necessarily based upon anticipated future events, due to the newness of PEVs to
the New Zealand marketplace and the uncertainty surrounding their intended use
over time.

The study has proposed and tested various sensitivity analyses on a range of
factors designed to ensure the robustness of the findings presented in the base
case.

6.1 Sensitivity analysis

Sensitivity analysis is a procedure to determine how changes in data and methodological
choices affect the results of the LCA.

I1SO 14044:2006 Section 4.4.4.2

Upon reviewing the assumptions and the context of the study, the following
factors of sensitivity have been proposed and tested:

e PEV batteries — percentage of recycled content and attributing of recycling
credits.

e Number of PEV battery replacements over a vehicle’s lifetime.

The outcomes of these sensitivity analyses are described in further detail in the
sections below.

6.2 Credit for battery material recycling

As described in Section 4.1, the base-case for PEV batteries assumes standard
industry rates achieved for the content of recycled materials in the battery
components. These are primarily related to metal components.

However, it is largely recognised that a market for recycled batteries is likely to
emerge (or grow) internationally, where used PEV batteries may be collected and
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reprocessed into new batteries. This has not been taken into account in the base-
case for PEV batteries.®

Two cases of sensitivity were tested, where 50% or 70% of an entire used battery
is recycled, reprocessed and used in a subsequent new battery. The results in
Figure 23 clearly show that there are benefits associated with recycling, when
accounted for in using this method. Reductions are shown across all categories
against the base-case, with the greatest benefits in toxicity impact categories.
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petrol engine
vehicle

Climate Change

Particulate Matter
m Base-case BEV:

no recycling and
re-use credit for
battery
Photochemical
Oxidation

Sensitivity-case
BEV: 50% of
battery recycling
and re-use
credited

Cumulative Energy
Demand

m Sensitivity-case
BEV: 70% of
battery recycling
and re-use
credited

Resource (Abiotic)
Depletion*

Human Toxicity* »

Ecotoxicity*

Air Acidification*

0% 20% 40% 60% 80% 100%

Figure 23 Sensitivity analysis — comparison of impacts by the accounting of credits for
battery material recycling and re-input against a conventional petrol engine vehicle
measured as the percentage against the maximum impact in the cases

* these impact categories have higher levels of uncertainty
A for human toxicity, the magnitude of these impact differences are small

38 In LCA terms, a system expansion method has been applied in this case, where the recycling of
the original battery produces recycled material products that are subsequently used in replacement
batteries. Such a situation is particularly applicable in non-mature markets (but not as applicable to
mature markets, such as in new and scrap aluminium markets).
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6.3 Number of battery replacements

The base-case assumption for this study for the BEV is that one battery
replacement will be required during the life of the vehicle®®. However, there is
current market evidence to show that the original battery is capable of lasting a
vehicle’s entire lifetime without replacement (albeit with some performance
deterioration of the battery over time).

In this sensitivity test, two cases were presented in which (respectively) no battery
replacement is required, and an additional battery replacement is required (i.e. two
batteries required over the life of the vehicle) for the BEV. The results (Figure 24)
clearly show that the battery can influence results, particularly for toxicity impact

categories.
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Figure 24 Sensitivity analysis — comparison of impacts by number of battery
replacements and against a conventional petrol engine vehicle measured as the percentage
against the base-case BEV (one battery replacement)

* these impact categories have higher levels of uncertainty
~ for human toxicity, the magnitude of these impact differences are small

39 It should be noted that the base-case assumption for the PHEV assumes no battery replacement
is required. A discussion is provided in Section 4.3.
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6.4 ‘Best-case’ sensitivity analysis

When applying a combination of these sensitivity factors, a 'best-case’ scenario
can be found for PEVs. This ‘best-case’ scenario occurs where no battery
replacement is undertaken during the life of the vehicle, and where up to 70% of
battery cell material is recycled and used in new batteries (and credited for).

As shown in Figure 25, there are significant reductions in the human health
toxicity, ecotoxicity categories and in air acidification. However, impacts in these
areas continue to be greater than conventional vehicles, particularly as
conventional vehicles contain little or none of the materials required for PEVs that
are responsible for the impacts (refer to Sections 5.3.3 and 5.2.4).
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Figure 25 Sensitivity analysis — comparison of best-case BEV sensitivity test against
conventional petrol and diesel engine vehicles and a base-case BEV

* these impact categories have higher levels of uncertainty

A for human toxicity, the magnitude of these impact differences are small
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6.5 Uncertainty analysis

Uncertainty analysis is a procedure to determine how uncertainties in data and assumptions
progress in the calculations and how they affect the reliability of the results of the LCA.

1SO 14044:2006 Section 4.4.4.2

6.5.1 Methodology

For the data applied in the model, and for all study-specific assumptions,
uncertainty was estimated using the pedigree matrix to define a standard deviation
and distribution. The Pedigree matrix, originally developed by Weidema, 1996,
assesses each data input against six criteria plus a so-called Basic Uncertainty
Factor. These six criteria are data reliability, completeness, temporal correlation,
geographical correlation and technological correlation, and are described further
in Appendix D1.

For estimations and key data inputs used specifically for this study, specific
assessments of uncertainties were applied. These are described in detail in
Appendix D2 and based on the assumptions and descriptions of calculations in
Sections 0 and 4. For all data and inputs sourced from existing life cycle
inventories, such as those used from the ecoinvent v3.1 database, the study adopts
the uncertainty values already incorporated in the datasets.

The 95% confidence interval or the squared geometric standard deviation is
calculated using the following formula:

2
SDygs =0

=expy(InU, ) +(InU, f +(InU f +(InU, ) +(InUs ) +(InW, ) +(Inw, )
The factors Uy till Us referring to the scores for:

e Reliability (U1)
e Completeness (Uz)

e Temporal Correlation (Us)

e Geographical Correlation (Ua)
e Further Technological (Us)

e Sample Size (Us)

The factor Uy, refers to the basic uncertainty factor and is emission-specific.

It should be noted that some processes adopted from ecoinvent v3.1 life cycle
inventory databases do not contain values for uncertainty. Additionally, the
uncertainty analysis undertaken covers approximately 76-77% of all unit
processes within the analysis. Uncertainty analyses were then carried out using a
Monte Carlo Analysis over 1,000 runs to determine the uncertainty level in the
data.

The uncertainty analysis was undertaken across all impact categories for the four
vehicle technologies, on a per kilometre travelled basis.
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6.5.2 Results and discussion

The uncertainty analysis results of the Monte Carlo Analysis are described in this
section. A full set of results of the analysis are included in Appendix D.

The uncertainty analysis was undertaken across eight impact categories for the
four vehicle technologies, on a per kilometre travelled basis. Four of these impact
categories — human toxicity, ecotoxicity, resource depletion and air acidification —
yielded very high levels of uncertainty. It was nonetheless deemed important that
these impact categories be considered in the final report, and it is somewhat
reassuring that the impacts in question were found to be relatively slight in any
event.

The uncertainty analysis has been undertaken on the comparative results,
assessing the percentage of times where a comparative result has occurred: i.e.
where BEVs have greater or lesser impacts when compared to conventional
vehicles (both petrol and diesel).

The two following figures present the uncertainty analysis results of a diesel and
petrol conventional vehicle compared to a battery electric vehicle.

Gimate Change ]
Particulate Matter _
Photochemical Oxidation _
Cumulative Energy Demand -
Resource (Abiotic) Depletion _—
Human Toxicity _—
Ecotonicty I
Air Acidification R
-100 -50 0 50 100

mBEV < Conventional petrol engine vehicle

mBEV > Conventional petrol engine vehicle

Figure 26 Uncertainty analysis of comparison between BEVs and conventional petrol
engine vehicles
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Figure 27 Uncertainty analysis of comparison between BEVs and conventional diesel
engine vehicles

For both comparisons of the BEV to conventional petrol and diesel engine
vehicles, PEVs have less impact more than 97% of the time in a majority of areas,
namely climate change, particulate matter, photochemical oxidation, and
cumulative energy demand.

For air acidification, results indicate a higher level of uncertainty, indicating that
the BEV has lower impacts than petrol and diesel 54 and 60% of the time
respectively.

The toxicity categories also indicate moderate levels of uncertainty, with results
showing that BEVs will have lower ecotoxicity impacts compared to petrol and
diesel vehicles 66% and 74% of the time respectively. For human health toxicity,
uncertainty levels are higher, with BEV showing lower impact levels compared to
petrol and diesel vehicles 45% of the time. The high uncertainty associated with
toxicity models is due to the inherent uncertainties in the USEtox data utilised
here. USEtox contains characterisation factors for impact category modelling that
comprised “recommended” and “interim” characterisation factors. Those factors
that are “recommended” are those in which there is scientific consensus on their
modelling; the “interim” factors are those where not all the minimal requirements
(as required by the scientific community) are met for its determination. For
toxicity, characterisation factors associated with metals are all deemed as
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“interim” factors*’. The analysis shown in the previous figures indicates this level
of uncertainty, particularly as results are strongly influenced by the metal content
of the vehicles.

In terms of resource (abiotic) depletion, BEV was shown to have less impact than
conventional petrol and diesel for 67% and 74% of the time respectively. The
higher levels of uncertainty in this impact category were predominantly due to the
similarity in manufacturing materials in both conventional and electric vehicles.
Also, the consumption of fossil fuels (such as petrol or diesel) was not a dominant
factor in this impact category.

The overall conclusion is that there is high confidence in the comparative
assertions made between PEVs and conventional vehicles in Section 5, for the
included impact categories of climate change, energy consumption,
photochemical oxidation and particulate matter. The uncertainties inherent in the
data used in the other categories — human toxicity, ecotoxicity, resource depletion
and air acidification — mean that it cannot be stated with any confidence that the
PEVs had less impact than the conventional vehicles. But it should be noted that
in each instance, the impacts were relatively insignificant. That is, in terms of
human toxicity, ecotoxicity, resource depletion and air acidification, it can be
safely assumed that even if PEVs perform worse than conventional technologies
on a life cycle analysis, their impact is nevertheless slight.

40 USEtox (2015) Frequently Asked Questions about USEtox (4), accessed on 251" August 2015,
accessible at http://www.usetox.org/fag#t23n115
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7 Conclusion

This life cycle assessment aims to compare four types of similar-sized passenger
vehicles in the New Zealand context, namely conventional petrol and diesel
engine vehicles, and two types of PEVs (i.e. BEVs and PHEVS). A particular
focus of this study is the comparison of PEVs with conventional vehicles.

The LCA utilised publicly available data and, where practical, data and
assumptions specifically relevant to the New Zealand context. The study assessed
the life cycle impacts of a vehicle travelling 1 km. A summary of results are
provided in the following table.

Table 15 Summary of life cycle impacts across vehicles*

Vehicle . <
[<5]
technology o = — o = > S
= g ,S IS S 'S =
= O S g g < S = 3
o e 25 | 50 wes | F 'S =
3 =) Q5 S S © 9 c X i)
© o o ® = ie) S o © i< O
E |§ | 2% |E2|8s|5 |8 |-=
O o ad | Ow | o | T w <
kg kg kg MJ kgSb | CTUn | CTUe | kg SO2
COze PMz2s | C2H2 LHV
Conventional
; 11.2 11.2 4.69 7.76 7.42
petrol engine 0.26 4.36 6.13
vehicle E-05 E-05 E-05 E-08 E-04
Conventional
: : 11.1 6.81 4.94 8.06 7.15
diesel engine 0.22 4.22 6.65
vehicle E-05 E-05 E-05 E-08 E-04
Plug-in hybrid
. . 9.72 7.45 5.20 14.7 6.80
electric vehicle 0.15 2.79 7.06
(PHEV) E-05 E-05 E-05 E-08 E-04
Battery electric
. 8.41 5.89 441 17.3 6.83
vehicle (BEV) 0.11 E-05 E-05 2.56 E-05 E-08 5.62 E-04

* Impact categories highlighted in grey and italicised have high uncertainties associated
with results.

In summary, based on these results, the study highlighted the following findings:

e PEVsin New Zealand are forecast to significantly reduce life cycle energy
consumption and CO-equivalent emissions (consistent with other
international studies); however they may cause other, unintended
environmental impacts if due attention is not paid to all aspects of their life
cycle.

e PEVs perform better than conventional vehicles in the areas of climate
change, total energy use, particulate emissions and photochemical oxidation.
This is because in practice, the on-road operational impacts of PEVs are
improved relative to conventional vehicles.
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e The study found that there are no significant differences across the technology
types with regard to net resource depletion, considering that levels of
uncertainty in these findings was high. However, there is opportunity to
reduce resource depletion impact, as sensitivity analysis found that
improvements in battery technology (such that battery life is extended) and in
the rate of recycling of the materials used in batteries and motors will improve
the comparative mineral resource performance of PEVs.

e For toxicity impacts and air acidification, it is difficult to determine whether
PEVs perform better compared to conventional vehicles. Results indicate that
PEVs are generally better than conventional in air acidification and
ecotoxicity, but perform worse for human health toxicity. However, the
practical differences in toxicity impacts are minimal, given the overall low
absolute toxicity scores either way.

Where PEVs perform worse than conventional vehicles, a majority of the impacts
can be attributed to the processes involved in the extraction of raw materials for
and the manufacturing of the batteries and electric drivetrains of the vehicles.
Consequently, these impacts are particularly sensitive to the materials used for
battery and electric drivetrain components. Sensitivity analysis indicates that
distinct improvement in the performance of PEVs could be realised with
improvements in the rates of recycling of battery components, and in
improvements in battery technology that served to prolong their life. Although
facilities for recycling battery materials and drivetrain components (notably
copper and aluminium) do not exist in New Zealand, recycling and reprocessing
facilities are likely to arise as the PEV market increases, with concomitant
improvements in the performance of PEVs in those impact categories.

Nonetheless, it is clear from the results of impact categories with high certainty,
that PEVs show improved performance in the areas of carbon emissions,
particulate matter, photochemical oxidation and lifecycle energy use. Overall, life
cycle assessment of the different technologies indicates that there do seem to be
significant benefits to the adoption of PEVs.
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Al Literature review of relevant life cycle studies

A substantial number of life cycle analyses conducted in the last 10-15 years have
considered plug-in electric vehicles at some level. While the defining attributes of
each study are unique in their timing, assumptions, data, and considerations of local
context, their existence helps us to formulate a basis for our work.

In more recent (and therefore relevant) works, as summarised in the examples
reviewed below, we have found a generally favourable outcome for PEVs in
considering life cycle impacts relative to their peers in the marketplace. Although
a number of considerations have been raised earlier in this document, we believe
that we will be able to appropriately assess the four technologies earmarked for
study, factoring in some aspects of the approaches taken below.

Al.1 Ricardo / Low Carbon Vehicle Partnership Study
Author: Patterson J, Alexander M, Gurr A
Year: 2011

Title: Preparing for a Life Cycle CO2 Measure — A report to inform the debate by
identifying and establishing the viability of assessing a vehicle’s life cycle CO2ze
footprint

Relevance of study: This study was commissioned by the UK Low Carbon Vehicle
Partnership to develop an LCA method as a replacement for the tailpipe CO;
metrics that prevailed in the EU at that time. The study explored some key
methodological issues related to the boundary definition of the LCA scope and the
potential for a valid assessment based on data availability and accuracy constraints.
The study also provided a highly rigorous LCA comparison based on its best-
practice industry methods and data at the time.

The study concluded that life cycle CO2 emissions for hybrid and electric vehicles
could be 10-20% reduced compared to a mid-size conventional passenger car in
2015. However it also identified that, for an electric vehicle, nearly half of the life
cycle COz could result from the manufacturing stage and that this effect became
even more pronounced if low-carbon electricity was supplied for the operational
phase. The study also included numerous sensitivities, including the need for
battery replacement in electric vehicles which was a highly sensitive factor. Lastly
the study identified a series of key methodological gaps in the LCA state of the art
as applied to vehicles at that time.

Pros of study: An industry-driven and recognised study (arguably the gold
standard) with high-quality, detailed comparisons between electric vehicles and
conventional vehicles. Also provides excellent guidance on methodological issues
(i.e. what matters and what doesn’t).

Cons of study: The study is focused on the UK market and a few years old. The
high-quality LCA model and data inputs were proprietary to industry thus not
readily available. However the extensive documentation may allow certain data to
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be extracted and repurposed. Also Arup (UK) is a member of the LCVP which may
help obtain more data / models for our use.

Al.2 BERR Electric Vehicles Investigation
Author: Arup, UK Department for Business Enterprise and Regulatory Reform
Year: 2008

Title: Investigation into the Scope for the Transport Sector to Switch to Electric
Vehicles and Plug-in Hybrid Vehicles

Relevance of study: The study was commissioned in 2008 to investigate the
potential impact of switching to electric vehicles until 2030. The study is focussed
in the UK market, examining contextual issues that will impact EV and PHEV
uptake. A life cycle emissions comparison was undertaken against petrol and
diesel vehicles.

Key results from the study are that from a carbon emissions and photochemical
oxidant formation perspective, EVs perform better than petrol vehicles. However,
air acidification impacts depend largely on the grid-electricity emissions in a
given year.

Pros of study: An industry-recognised document, and provides useful summary
of the EV in comparison to internal combustion vehicles.

Cons of study: The study is based on the European market, and is now several
years’ old. There is limited access to the input data for this study. Limited
information regarding scope and boundary of the assessment.

Al.3 US EPA Lithium-ion Batteries LCA
Author: United States Environmental Protection Agency
Year: 2013

Title: Application of Life-Cycle Assessment to Nanoscale Technology: Lithium-
ion Batteries for Electric Vehicles

Relevance of study: The report is a detailed LCA study into the manufacturer,
use and disposal of batteries for electric vehicles in the US market. The study
utilises existing life cycle inventory data for battery manufacture, and is a
potential source of data points for the study.

Of particular note, the study found that the primary driver for recycling of Li-ion
batteries is due to the value of the recovered materials (such as cobalt, nickel, and
lithium). However, the current demand for Li-ion batteries and the limited
availability of recycled lithium requires batteries to be produced using primary
lithium sources. Additionally, although recycling of Li-ion batteries is possible
(and is currently commercially undertaken in 3 known sites in the US, the
production of lithium-ion batteries using significant amounts of recycled lithium
material will only occur beyond 2030. The US-industry demand for Li-ion battery
recycling will only significantly occur from approximately 2035 onwards.
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Pros of study: Provides international context to the LCA treatment of waste
disposal (recycling) for Li-ion batteries. Study contains data and bill of materials
from battery suppliers, manufacturers and recyclers for Li-ion batteries.

Cons of study: The study is focussed particularly on US manufacture of batteries,
and the majority of data is from the US-market.

Al.4 Ecoinvent Methodology Report
Author: Del Duce A., Gauch M., Althaus H-J
Year: 2014

Title: Electric passenger car transport and passenger car life cycle inventories in
ecoinvent version 3

Relevance of study: This study was undertake for the development of version 3
of the ecoinvent database. Ecoinvent provides a comprehensive life cycle
inventory database for a large number of materials and projects particularly in the
European context. Ecoinvent v2 and v3 have life cycle inventory data available
for traditional passenger vehicles (petrol and diesel) and an electric vehicle in the
European context.

This study provides a comprehensive methodology comparing the ICE and an EV,
with the new dataset breaking-down key components of a vehicle, i.e. the glider
(common components), EV powertrain, battery for EV, and ICE powertrain (refer
to figure below).

===l

tank,
| Inverter | Power
distribution
Converter unit

The default dataset in ecoinvent v3 is based on literature data, with a specific
focus on the Volkswagen Golf, and modifying these factors based on vehicle
weights across models (e.g. the Golf VI versus the Golf A4).

Pros of study: Provides a detailed methodology into the components of both a
generic ICE and EV, which allows an LCA practitioner to modify key
components of a vehicle for a more specific LCA.

Cons of study: As described by the paper itself, the datasets used for ecoinvent v3
are based on all vehicles in 2000. Of particular risk is that the data regarding the
‘glider’ and ICE powertrain may be understating a shift in the car-industry since

243139-00 | Final | 10 November 2015 | Arup, Verdant Vision Page A3

ARUP-VERDANTVISION - NZ EECA ELECTRIC VEHICLES LCA - TECHNICAL REPORT FINAL 13.11.2015.D0CX



Energy Efficiency and Conservation Authority Life Cycle Assessment of Electric Vehicles
Final Report

2000 to lighter manufacturing materials. However, the study recognises that some
of this data has been updated in 2011, and is believed to provide a representation
of current vehicle technologies.

Al.5 Hawkins 2012 Study

Author: Hawkins T, Singh B, Majeau-Bettez M, Stromman A
Year: 2012

Title: Comparative Environmental Life Cycle Assessment of Conventional and
Electric Vehicles

Relevance of study: The study provides a life cycle inventory of conventional
and electric vehicles, for the European context (and particularly accounting for the
European electricity mix). The aim of the study is to provide a transparent
inventory that can be used for assessing other vehicles and fuels. VVehicle
production data was based on an existing model and scaled and adapted for two
specific vehicle characteristics — the Mercedes A-Class, and the Nissan Leaf EV.

This study found that the production phase of EVs are substantially more
environmentally intensive that for combustion vehicles. However, overall
improvements regarding global emissions may be achieved from EVs (dependent
on the energy source for electricity).

Pros of study: Includes extensive supporting material content for various parts of
the electric and conventional combustion engine.

Cons of study: Based on literature and publicly available data.

Al.6 California Air Resources Board (CARB) /UCLA
Study

Author: Aguirre K, Eisenhardt L, Lim C, Nelson B, Norring A, Slowik P, Tu N,
Rajagopal D

Year: 2012

Title: Life cycle Analysis Comparison of a Battery Electric Vehicle and a
Conventional Gasoline Vehicle

Relevance of study: This study calculates the energy inputs and CO equivalents
emissions of a conventional gasoline vehicle (CV), a hybrid vehicle, and a battery
electric vehicle (BEV) to determine the life cycle environmental costs of each
specific to California. Data used were a compilation of the California GREET
model, Argonne National Laboratory articles and other relevant peer-reviewed
literature. The main purpose of this study was to examine the environmental impact of
each vehicle type, taking into account the life cycle energy usage and both CO>
equivalents and air pollution emitted.

In terms of environmental impacts, the BEV was determined to have the least
overall impact, followed by the hybrid, and lastly the CV. The net present cost of
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all vehicles was also calculated resulting in the hybrid being the least expensive
over its lifetime, followed by the CV, and finally the BEV. The hybrid vehicle
was found to be the most cost effective for reducing CO-.

Pros of study: Used the California GREET model, which is publicly available in
spreadsheet form via the CARB website. Detailed data may be extracted and
repurposed. The study also includes extensive sensitivity testing.

Cons of study: The study and its underlying data are quite specific to California.
Study does not appear to have been peer reviewed apart from internally at CARB.

Al.7 Other studies

Author, Year, Title

Brief description

Schweimer (2004)
Life Cycle Inventory
for the Golf A4

Original LCA for the Volkswagen Golf A4. A comprehensive LCA
study for cradle-to-grave impacts. Utilises data directly from the
manufacturer, however, component-level data is not available (only
material data for the entire vehicle, making the data impractical to use
for other LCAS). The study is very specific to this material type. The
life cycle inventory and outputs of this study was included in ecoinvent
v2.2 for a standard petrol and diesel passenger vehicle.

Volkswagen (2014)
LCA of e-Golf

A comprehensive LCA, using the methodology of the Schweimer 2004
study, to compare three versions of the Volkswagen Golf; petrol, diesel
and electric. The study presents useful results for comparison. This
study is limited in its use for other applications, as access to
manufacturer-specific data is unavailable.

Gains, Sullivan,
Burnham (2010)
Life-Cycle Analysis
for Lithium-lon
Battery Production
and Recycling

A study which was submitted on August 1, 2010 for presentation at and
inclusion in the 90th Annual Meeting of the Transportation Research
Board, Washington D.C. The study provides a material composition
breakdown of various Li-ion battery systems for electric vehicles.
Utilises the GREET 2.7 model to compare the impact of batteries on
energy use and emissions over the life cycle of a vehicle.

Dominic A. et al.
(2010) Contribution
of Li-lon Batteries to
the Environmental
Impact of Electric
Vehicles

An LCA study analysing the specific impact of lithium-ion batteries in
an electric vehicle. The study looks at cradle-to-grave impacts. The
electric vehicle used was a generic vehicle, but comparable to a
Volkswagen Golf in size and power (and the LCI was derived from the
Schweimer 2004 study). The study was undertaken for the European
context (accounting for the average electricity production mix).

The study concluded that the operation phase of electric vehicles

remains the dominant contributor to environmental burden (so long as
the electricity mix is largely renewable).
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B1 Description of impact categories

The following sections provides further descriptions of the impact categories
assessed as part of this study.

B1.1 Climate change

The climate change impact category considers the global warming potential of the
greenhouse gas emissions emitted as a result of the project, over a 100 year
period. The details of the impact category used in the model are outlined in Table

16 below.

Table 16 Climate Change Impact Category Definition

Impact Category

Climate Change

LCI results

Emissions of greenhouse gas per functional unit

Characterisation
model

Baseline model of 100 years of the Intergovernmental Panel on
Climate Change

Category indicator

Infrared radiative forcing (W/m?)

Characterization
factor

Global warming potential (GWP100) for each greenhouse gas (kg
CO,-equivalents/functional unit)

Category indicator
result

Kilograms of CO»-equivalents per functional unit

Category endpoints

Coral reefs, forests, crops, urban settlements

Environmental
relevance

The earth’s atmosphere absorbs part of the energy emitted as infrared
radiation from earth towards space and thus becomes heated. Infrared
radiative forcing is a proxy for potential effects on the climate as a
result of that phenomenon

International
acceptance of model

The model is based on the factors developed by the
Intergovernmental Panel on Climate Change. Factors are
internationally accepted for accounting of carbon emissions.

B1.2 Particulate matter

This impact category considers the emissions of particulates into the air, as a
result of processes such as combustion of fuels or release of emissions directly.
This impact category particularly considers fine particulates (less than 10 um) that
have potential respiratory effects to humans. The impact category also considers
other air emissions, such as sulphur and nitrogen oxides, that create secondary

particulates.
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Table 17 Particulate Matter Impact Category Definition

Impact Category

Particulate Matter

LCI results

Amount of particulate matter released from various processes and
emissions in order to create a product.

Characterization
model

Institute of Environmental Sciences (CML), Universiteit Leiden,
CML-IA Characterisation Factors, 2014

Category indicator

Particulate matter

Characterisation
factor

Characterisation of a range of air emissions, including PMzs, PMo,
sulphur oxides, nitrogen oxides, carbon monoxide and ammonia

Category indicator
result

kg PM2 s equivalent

Category endpoints

Air quality

Environmental
relevance

Respiratory effects as a result of release of particulates in local air
sheds

International
acceptance of model

The characterisation models developed by CML are publicly
available and updated regularly when new knowledge on substances
are available. Models from CML have widely applied in various
LCAs and available for use in LCA software.

B1.3 Photochemical oxidant formation

Photochemical oxidant formation is the formation of reactive chemical
compounds such as ozone, by the action of sunlight on certain primary air
pollutants. The two major primary pollutants, nitrogen oxides and Volatile
Organic Compounds (VOCs), combine in sunlight through a series of chemical
reactions into what are known as secondary pollutants.

The secondary pollutant that causes the most concern is the ozone that forms at
ground level. While ozone is produced naturally in the upper atmosphere, it is a
dangerous substance when found at ground level.

The photochemical oxidant formation impact category used in the model is
outlined in Table 18 below.

Table 18 Photochemical Oxidant Formation Impact Category Definition

Impact Category

Photochemical Oxidant Formation

LCI results

Emissions of substances (VOC, CO and NOy) into the air per
functional unit

Characterization
model

UNECE Trajectory model (including fate)

Category indicator

Tropospheric ozone formation

Characterization
factor

Photochemical ozone formation potential (POFP) for each emission
to the air (in kg ethylene equivalent/kg emissions)

Category indicator
result

kg ethylene equivalent/functional unit

Category endpoints

Human health, natural environment
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Impact Category Photochemical Oxidant Formation

Production of ozone at ground level is hazardous to human and
ecosystem health

Environmental
relevance

International
acceptance of model

This characterisation model is developed by the United Nations
Economic Commission for Europe (UNECE), which is one of the five
regional commissions of the United Nations. This model, in particular
for photochemical ozone creation potential, has been applied in
various international LCAs and is a widely accepted model.

B1.4 Cumulative energy demand

This impact category considers the total energy resources in the life cycle of a
vehicle consumed for the travelling of one kilometre (the functional unit). This
includes energy consumed in upstream and downstream processes (such as at
power plants during energy generation, during component manufacture and for
disposal) in addition to energy consumed by vehicles for travel (such as burning
of fuels in an engine, or the consumption of electricity).

Table 19 Cumulative Energy Demand Impact Category Definition

Impact Category

Cumulative energy demand

LCI results

End-use of energy for transport, process heat, fuel extraction and
delivery, electricity delivered and electricity lost per functional unit

Characterisation
model

Not applied (i.e. no consideration of the relative importance of one
energy-end use compared to another or compared to the energy supply
available)

Category indicator

Decrease in energy available

Characterisation
factor

No characterisation factor

Category indicator
result

MJ LHV required per functional unit

Category endpoints

Energy supply networks and the reserves and infrastructure required to
meet demand

Environmental
relevance

The energy demand decreases the amount of energy available for other
useful work. For electricity the energy demand increases the amount of
energy to be supplied to the grid from external sources.

International
acceptance of
model

Energy flows are a common area of interest in LCAs. As this model
sums all energy-related flows in a system, it is a non-weighted model.
Similar characterisation models are applied by ecoinvent, and used
widely in international LCAs.
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B1.5

This impact category considers the extraction of scarce resources, particularly
minerals, in order to provide the materials for components into a product. The
impact category considers various minerals that have been extracted. An Abiotic
Depletion Factor (ADF) is determined for a range of extracted materials, based on
concentration accounting for remaining available reserves and the rate by which
they are extracted. As this category considers a range of mineral types, the impact
category compares results against the mineral Antimony (Sb).

Resource (abiotic) depletion

Table 20 Resource Depletion Impact Category Definition

Impact Category

Mineral depletion

LCI results

The decrease of availability of reserve base of potential functions of
resources for resources used throughout life cycle per functional unit

Characterisation
model

van Oers. L, de Koning. A, Guinee J, Huppes. G. Abiotic resource
depletion in LCA, Road and Hydraulic Engineering Institute, 2002

ILCD 2011 Midpoint+ method

Category indicator

Depletion of base resource, i.e. resources that have a reasonable
potential for becoming economically and technically available

Characterisation
factor

kg Sb per kg of mineral. Characterisation of various resource types
(minerals, fossil fuels, etc.) and its depletion compared to the depletion
of the mineral antimony.

Category indicator
result

kg Sb per functional unit

Category endpoints

The depletion of resources, direct extracted and required to support
material demand

Environmental
relevance

The use of raw minerals and resources, recognising that this a depletion
of a finite amount of resources. The depletion of various minerals and
other abiotic resources can represent further environmental problems.

International
acceptance of
model

The characterisation models developed by van Oers 2002 were adapted
for use in the ILCD Handbook. The ILCD handbook is developed by the
European Commission’s Joint Research Centre and has been established
through a number of stakeholder consultations. More information can be
found at http://eplca.jrc.ec.europa.eu/?page id=86

B1.6 Human health toxicity

The impact category of human health describes the impact or damage on human
health. This is described as the number of disease cases from exposure to toxic
emissions. Ill-health may be defined as impacts from a range of incidences, from
congenital anomalies to cancers. The impact on health is described in CTUn which
accounts for both carcinogenic and non-carcinogenic health impacts.

The USEtox model has been developed under the United Nations Environment
Program (UNEP) and the Society for Environmental Toxicology and Chemistry.

The characterisation factors within the model is appropriate to be used at a global
scale. This impact assessment method has been adopted as a proxy for the New
Zealand context. The human health impact category used in the model is outlined
in Table 21 below.
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Final Report
Table 21 Human health Impact Category Definition

Impact Category Human health toxicity

LCI results Number of years lost due to ill-health from non-carcinogenic and
carcinogenic impacts per functional unit

Characterization USEtox 4 model, Rosenbaum et al (2008), Hauschild et al (2008)

model

Category indicator Carcinogenic substances, Non-carcinogenic substances

Characterization The model takes into account toxicity related to ingestion and

factor inhalation exposure, accounting for both carcinogenic as well as non-
carcinogenic impacts.

Category indicator Comparative Toxic Units (CTUy), as the number of disease cases per

result functional unit

Category endpoints Human health

Environmental Emissions from air due to industrial activities (mining, energy

relevance production, transportation) are detrimental to human health leading to
loss of life, disease or health liabilities

International Developed under the United Nations Environment Program (UNEP)

acceptance of model | and the Society for Environmental Toxicology and Chemistry,
(SETAC) Life Cycle Initiative

B1.7 Ecotoxicity

Ecotoxicity refers to the toxic impact or damage on freshwater, terrestrial and
marine environments as a result of toxic emissions to air, water and land. This is
described as potentially impacted or disappeared species measured in potentially
affected fraction of species per m® of an ecosystem per day.

This impact category is characterised by a number of factors. The emissions from
the use of pesticides dominate the impacts to freshwater and terrestrial
environments. These pesticides include atrazine and metham sodium.
Additionally, copper compounds from industrial emissions also significantly
impact terrestrial environment. In marine environments, impacts are largely from
fluoride air emissions from aluminium smelters, coal-burning electricity plants
and water emissions from sewerage treatment plants. The use of grid-electricity,
such as coal-burning electricity plants will have an impact on ecotoxicity levels.

This impact assessment method has been adopted as a proxy for the New Zealand
context.

Table 22 Ecotoxicity Impact Category Definition

Impact Category Ecotoxicity

LCI results Potentially affected or disappeared species as a result of toxic stress.
Characterization USEtox 4 model, Rosenbaum et al (2008), Hauschild et al (2008)
model
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Impact Category

Ecotoxicity

Category indicator

Freshwater aquatic ecotoxicity, marine aquatic ecotoxicity, terrestrial
ecotoxicity

Characterization
factor

Impacts from ecotoxicity substances per emission compartment, i.e.
emissions in urban air, rural air, freshwater, seawater, agricultural and
industrial soil.

Category indicator
result

Comparative Toxic Units (CTUe) as the potentially affected fraction
of species (PAF) integrated over time and volume per unit mass of a
chemical emitted (PAF m3.day/kg)

Category endpoints

Water bodies, natural environment, ecosystem species

Environmental
relevance

Emissions to air, water and land from industrial and agricultural
activities will potentially affect species in freshwater ecosystems,
which is an indication of ecotoxicity potential.

International
acceptance of model

Developed under the United Nations Environment Program (UNEP)
and the Society for Environmental Toxicology and Chemistry,
(SETAC) Life Cycle Initiative

B1.8 Air acidification

The air acidification impact assessment addresses the emissions which have the
potential to result in the decline in the pH (acidification) of water bodies and
vegetation as well as associated ecosystem impacts upon deposition. Emissions of
sulphur dioxides, nitrogen oxides and other nitrogen are the main contributors to
air acidification. Nitrogen oxides are emitted by the main process sequence while
sulphur dioxides are emitted in the supply chain providing fossil fuelled energy
supply to the life cycle. The air acidification impact category used in the model is
outlined in Table 23 below.

Table 23 Air Acidification Impact Category Definition

Impact Category

Air Acidification

LCI results

Emissions of acidifying substances into the air per functional unit

Characterization
model

RAINS10 model developed at 11ASA, describing the fate and
deposition of acidifying substances, adapted to LCA by CML

Category indicator

Deposition/acidification critical load

Characterization
factor

Acidification potential for each acidifying emission to the air gas (kg
SO2-equivalents/functional unit)

Category indicator
result

Kilograms of SO2-equivalents per functional unit

Category endpoints

Lakes, aquatic species, forests, crops

Environmental
relevance

Deposition/acidification critical load is a proxy for potential effects of
acid rain

International
acceptance of model

The characterisation models developed by CML are publicly
available and updated regularly when new knowledge on substances
are available. Models from CML have widely applied in various
LCAs and available for use in LCA software.
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Appendix C

Impact flows



Energy Efficiency and Conservation Authority Life Cycle Assessment of Electric Vehicles
Final Report

C1l Conventional petrol engine vehicle
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SimaPro 8.0.5.13
Project: NZ EECA LCA Study Oct 2015

Product:
Project:
Category:
Method:

Selected indicator:
Indicator mode:

Network

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Damage assessment, Climate Change (kg CO2 €)

Cumulated indicator

Exclude long-term emissions: No

Date: 27/10/2015 Time: 10:54:12 PM

Node cut-off: 2%
1E3m
Transport,
passenger car,
small size, petrol,
100 %
1E3 m 0.00612 kg
Operation, Passenger car,
passenger car, petrol {GLO}|
small size, petrol, production {NZ
83.8% 16.1 %
6.45E-6 p | 10.0605kg | | 0.00408 kg 0.00204 kg
Conventional |Petrol, unleaded| Glider, passenger Internal
vehicle {RoW}l market for| car {GLO}| combustion
maintenance LAIIoc Def, U I production {NZ engine, for
2.68 % | | 9.79 % 5.96 % -
| | | ‘
[l [ — p —
1] : L —
[ j —— I ]
0.0605 kg | 10.00723 tkm | [ To.00412kg | [ Tooa7ama [ ] [ J0.00119 kg |
Petrol, unleaded Transport freight |Reinforcing steel Electrluty, medium| Alumlnlum cast
{RoW}| petroleum | ftrain {Row}| | {GLO}| market for | voltage {3P}|| | | alloy {GLO}l!
refinery operation market for | Alloc i Alloc Def, 'UI market for | Allo market for | Alloc
18.3 % | 0133%l | | 1] 376% | | 111 3.25%| | |11 1] 2.28%| | ||| IL]
[ o756 kg | | 0.276 MJ [ To.ooss™mi] | 0.00723 tkm 0.00276 kg 0.0468 MJ
Petroleum {GLO}|| Heat, district or | Heavy fuel oil, | Transport, freight Reinforcing steel Electricity, medium|
market for | AIIoc{ industrial, other burned in refines train {RoW}| {RoW}| production| voltage {JP}|
| | [pef,u ||| than natural gas furnace {GLO}| | electricity | Alloc | Alloc Def, U electricity voltage
777%l ] 11] 5.93% e 109 | 1L 0.133 % L 2.48 % L 3.22% L
0.00975 kg 0.0793 MJ [ To.0133m] | [ 10.00311kg | 110.00318kg | Jo.0a87 M3 |
Petroleum {RU}| Heavy fuel oil, |Electr|C|ty, hlghi |Steel, low-alloyed = Steel, unalloyed Electricity, hlgh
production, burned in refinery | voltage {CN}| | {GLO}| market for| KGLO}| market fo voltage {JP}||
onshore | Alloc furnace {RoW}| market for | Alloc I I\ AIIoc Def UI Il Alloc Def UI market for | Allod
236 % 2.65% 15| || ]]] 221% | | |11 265% | 1111 1L 2% | []]IL
0.0148 MJ 0.00276 kg
Electricity, high Steel, unalloyed
voltage {CN}| {RoW}| steel
electricity production,
2.15 % N 2.26 % N

0.00454 kg |
ig iron {GLO}|
mall‘k(‘at for |‘ Allltl)c
I Pef u [
Ll

CJ

0.00454 kg
Pig iron {GLO}|
production | Alloc
Def, U
3.49 %
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Network Date: 27/10/2015 Time: 10:55:43 PM

SimaPro 8.0.5.13
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U

Project:
Category:
Method:

Selected indicator:
Indicator mode:

Exclude long-term

Node cut-off:

NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

emissions:

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Particulate Matter (kg PM2.5 eq)
Cumulated indicator

No
2%

1E3m

1E3m
Transport,
passenger car,
smallsize, petrol,

100 %

0.00612 kg

Operation, Passenger car,
passenger car, petrol {GLO}
smallsize, petrol, production {NZ

66.8 %

33.1%

6.45E-6 p [0.0605 kd 7.43E5 kgl 577E-6 kg 0.00408 kg 0.00204 kg
Conventional Ipetrol, unleaded| Tyre wear| Brake wear Glider, passenger
W) market for| emissions, | emissions, car {GLO}| combustion engine,
I > psenger cr ssenger c production {NZ for passenger car
3.25 9% 1% | 6.72% | | 18.4% 147 %
] 1
]
[
]
f — — |
‘ [ = :
T0.00087 kol 0.0605 kg 1.99E-5 kg 54365 kg 4.22E6 kg To.ooat2 kg | T o.0a7rm | To.00158 kg |
Synthetic rubber Petrol, unleaded Tyre wear Tyre wear Brake wear Reinforcing steel Electricity, medium Steel, low-alloyed,
{GLO}| market for| {RoW}] petroleum| emissions, emissions, emissions, {GLO}| market for| 1 voltage (P} | hot rolled {GLO}|
1 Alloc oef, U refinery operation || passenger car passenger car passenger car | Alloc Def, Ul arket for | Alod market for | Alloc
2% | || 406 % 2.96 % 8.07 9% | 4.92% u 7% | ! | o] | 1] osoe | | |
1
| \ ‘ = |
T N 0.276 M) o5 i T cot22 ] 0.00276 kg 0.0468 M) 0. 0.000176 kg
Petroleum {GLO}| eat, district or Heavy fuel o, Electrcity, medir Reinforcing steel Reinforcing steel Electricity, medium Steel, low-alloyed, Aluminium, cast
market for | Alloc| industrial, other ured in refine Ivoltage {CNy {RER)] production {RoW} production voltage (P} hot rolled {Row) | alloy {GLO}|
Def, U than natural gas fumace ('GLg)ﬁ market for | Alloc | Alloc Def, U | Alloc Def, U electricity voltage production | Alloc aluminium ingot,
9% | | | | 5.05% L i LI [7.66 % | b [253% LI || ls1% L | b 257% L] l4.89.% L
I_| I ‘ [ —
‘ ] | L] =]
T 63226ml || 0.00975 kg 0.0162 M) 0.0793 M) 0.0122 M0 T oosiskg | T o.0as7ml To.00311 kg T c.o00202 kg |
Transport, freight Petroleum {RU}| Heavy fuel o, Heavy fuel o, Electrcity, medium | steel, unalloyed| | Etectricity, high Steel, low-alloyed | Auminium, |
sea, transoceanic production, burned in refinery burned in refinery voltage {CN}| {GLOY] market for I voltage (3P| {GLOY| market for | primary, ingot |
ital:kerl (GILOi\ onshore | Alloc furnace {Europe furnace {RoW}| electricity voltage | | Alloc Def, U i market for | All i| A:\D(IDET, L.i {6LOY market for
24% | | | [9.44 9% | 2.66 % L 12.9% 7.6 % | 5.07%] | | |l 32% | | | 5.43 % INI I s63%) | | |
[ l [ !
i
22 T 00207 | T oo22sml | T oosin] 0.00276 kg 0.00135 kg 941E5 kg
Transport, frelght, Heat, district or Waste natural gas, Electriciy, high Steel, unalloyed Steel, low-alloyed Aluminium,
sea, transoceanic industrial, other sour {GLO} marke| Ivoltage {CNy {RoW}| steel {RoW) steel primary, ingot
tanker {GLO}| for [ Alloc Def, market for | Alloc production, production, {CN}| production |
24% sorol | | | oz | | | 4.3 % 331% [4.32.9%
l; 1 L L
—
[ T —
0.0158 M) 0.0223 M) 0.0148 M) To.00d54 kg | 5.6E5 kg
Heat, district or Waste natural gas, Electricity, high Pig iron {GLO}| Aluminium,
industrial, other sour {6LO} voltage {CN}] market for | Alloc primary, liquid
than natural gas treatment of, electricity i ine{, U i {ON}1 aluminium
272 9% 6.01 % 119% 6.91% | | | 4.29 9%

pa=

Pig ron {GLOY
production | Alloc
0ef, U

6.78 %

T 000524 M) |
Electricity, medium|
voltage, aluminiuml
sty (O |
NN

prodction | Alloc

2.56 %

lo.0403 M) | 0.00524 M)
sinter, ron {GLO}| Coke {GLOY| | Electricity, medium|
market for | Alloc market for | Alloc voltage, aluminium|
| lperu 1 | oer, industry {CN}
sso | | | BANER 394% L

0.0045 kg 0.049 MJ [ coos3om |
Sinter, iron {GLO}| {RoW} | Electricity, high |

Coke
coking | Alloc Def,
u

357 %

voltage, aluminium
i m:lusiry fc"f' i
Boa%l | 1|

I

T oo0soks | 0.00485 M)

| Hard coal (Cy Electrcty, high
market for | Aloc voltage, aluminium|

T oeu] | industry {CN}|
779l | | L 354% L

0.00329 kg

Hard coal {CN}|

mine operation |
Alloc Def, U

i iy

T oooozsem [ ]
| Electricity, high|
voltage, for internall

|usein coal mmmlg

Z18% | | |

_

0.000133 M)

Electricity, high
[voltage, for internal
use in coal mining

331%

Electricit, high
|voltage, for internal
use in coal mining

3.94%
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:
Project:
Category:
Method:

Selected indicator:
Indicator mode:

Network

Date: 27/10/2015 Time: 10:57:24 PM

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Photochemical Oxidation (kg C2H2 eq)

Cumulated indicator
Exclude long-term emissions: No

Node cut-off: 2%
1E3 m
Transport,
passenger car,
100 %
1E3 m 0.00612 kg
Operation, Passenger car,
passenger car, petrol {GLO}|
72.8 % 27 %
6.45E-6 p I T0.0605 kg | 0.00408 kg 0.00204 kg
Conventional Petrol, unleaded Glider, passenger| Internal
vehicle I{Rlol\l\ll}l rln?rkelat car {GLO}| combustion
32% 27.8% | ||| 157 % = 11.2%
1 [ ‘ ‘ ——
| — f— =
_______ [ O I
| 0.000513 k| 0.0605 kg 10.00723 thm | [To 203 kg | I 00471 MJ' I | 0.00119 kg |
FLubrlcatmg oil Petrol, unleaded Transport freigh I inforcing steel I | Electnqty,l I IAIummlum cast
{GLO}| market {RoW}| |train {RoW}| | {GLO}| market {medium voltage | |alloy {GLO}||
L T AT T
2.11% | | 25 % 0.117 % | | | 2.79% || ||| |- 215%| | | ||| L. 2.39%] || |11
[To.0756 kg | [To.ogss My || 0.00723 tkm 0.0468 M3
’ | Petroleum | | |Heavy fuel 0|I, | Transport, freight| Electricity,
|{(|3L|O|}l rln?rlk?t b:JrIntlad |In In?fllntlar\l train {RoW}| medium voltage
i RN
10.5% | | | | | a52% | || |11k |0117 % 2.12 % L
,,,,,,,,,,,, —
0.00975 kg 0.0793 MJ lo.0133 M3 | [ T0.0487 M1
Petroleum {RU}| Heavy fuel oil, EIectnuty, hlgh | Electricity, h|gh
production, burned in refinery lvoltage {CN}| | {voltage {JP}I|
IERRERRER! IERRE |1
6.47 % 3.75 % L 149% | || ]I] 213/ol"HI_
| 0.0223 M1 | | 0.0148 MJ
|Waste natural | Electricity, high
gas, sour {GLO}| voltage {CN}|
IRERRRRRRE
4.83% | |1 | | | lem 2.19%
0.0223 MJ
Waste natural
gas, sour {GLO}|
4.83 % -
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions:

Node cut-off:

Network

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study
NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Cumulative Energy Demand (MJ LHV)

Cumulated indicator

No
2%

183 m 0.00612 kg
Operation, Passenger car,
passenger car, petrol {GLO}
small size, petrol, production {NZ.
6.45E-6 p 1 00605kl [] 0.00408 kg 0.00204 kg
Conventional Petrol, unleaded Glider, passenger| Internal
vehicle {ROW}| market car {GLO} combustion
maintenance for | Alloc Def, U production {NZ engine, for
3.22% 828 % 8.4 9% 539
i ‘ T = 74
11 [ 1|
To.000382 kg [s.46€7 kg | To.oodt2ig | | ooa7im | | 000115k
Synthetic rubber Light emitting | Reinforcing steel | Electricity, | [Atuminium, cast
diode {GLOY| | {GLO| market fo medium voltage 1 alloy {6L0}|
market for | Alloc| | Alloc Def, U} {IP}| market for | market for | Allog
st | | (] a7l | | [2.06 %
S, | I
T o093k Bosss | SaETia 0368 10
INaphtha {Row | Heavy fuel ol | Light emitting Electricity,
market for | Allo urned in refine diode {GLO| medium voltage
Ioerul | I 1 oef,u | furnace ﬁGw” production | Alloc| {IP}| electricity
9% | Beacd T | oio 11 || l0.0614 % 2]
| I | |
0.00232 kg . 0.00975 kg 0.00299 kg 0.00222 kg X 0.023 kg 0.00293 kg X .00454 kg | T 00487 My |
Petroleum {RAF}| Petroleum {RME}| Petroleum {(RU| Petroleum Petroleum (NG} Petroleum Petroleum Naphtha {RoW)| Heavy fuel o, Pig iron {GLOY| Electrcity, high
production, roduction, X RoW}| lpetroleun and gas {RoW}| RoW} leum refinery| burned in refinery/ market for | Alloc ivoltage (P}
onshore | Alloc onshore | Alloc onshore | Alloc production, petroleum and petroleum and ‘operation | Alloc furnace {RoW}| | Defu i i ‘market for Villoc
2.64 % 24.3 % 12.1% 13.94 % [2.65 % 19.92 % 24.8 % 3.6 % [2.44 % 01% | |} Basw! | |
T T 1T
[ ’ | ! EEE !
= — =
T 0.0207 W[ 0.00315 kg
Heat, district or Heavy fuel oil
industria, other {RoW}| market
than natural gas for | Alloc Def,
lo.656 95 | 1
0.0158 M) 0.00315 kg
Heat, district o Heavy fuel oil
industrial, other {RoW}|
than natural gas petroleum refineny
lo.515 % B.s2%
T 000325 kol T 50028315 1]
Hard coal {CN)| Hard coal {Row)|

market for | Aloc|

U
2.29%] | |

market for | Alloc|
I
2% 1 4§ |

Hard coal {CN}|

Date: 27/10/2015 Time: 10:56:31 PM
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SimaPro 8.0.5.13

Network Date: 26/10/2015 Time: 6:58:20 PM

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:

Indicator mode:

Exclude long-term emissions:
Node cut-off:

1E3m
Operation,
passenger car,
small size, petrol,

353%

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Damage assessment, Resource (Abiotic) Depletion (kg Sb eq)

Cumulated indicator

No

2%

1E3m
Transport,
passenger car,
small size, petrol,

100 %

0.00612 kg
Passenger car,
petrol {GLO}|
production {NZ

64.7 %

6.45E-6 p 0.00408 kg 0.00204 kg
Passenger car Glider, passenger Internal combustion|
maintenance {NZ}| car {GLO}| engine, for
maintenance, production {NZ passenger car
341% 25.7% 389 %
i | ] ] I
I
[ To.0o026 kg | | ] 0.000982 kg | i 11.026-5 kg i 1 0.00158kg | -0.00189 kg 1 0.000206 kg |
lLead {GLO}|| Synthetic rubber Printed wiring| Steel, low-alloyed, Used internal Aluminium scrap,
| | |
|market for | Alloc| {GLO}| market for | |board, mounted hot rolled {GLO}| combustion engine, | new (Row}| |
e, | Alloc Def, U | mainboard, desktoj market for | Alloc from passenger car market for | Alloc
62| || 1] 141% | | oot | |11 16% 3140 || 1]
0.000114 kg 0.000324 kg 0.000658kg | | 1.02E-5 kg 0.00131 kg -0.000771 kgl | 0.000109 kg
Lead {GLO}| Synthetic rubber Synthetic rubber Printed wiring Steel, low-alloyed, |Aluminium scrap, | Aluminium scrap,
primary lead {RER}| production || {RoW}| production| board, mounted hot rolled {RoW}| | post-consumer | new {RoW}|
production from Alloc Def, U | Alloc Def, U mainboard, desktop) production | Alloc {NZ}| market for | treatment of, at
48.7 % 2.04 % L 4.15 % L 14.1 % 0.759 % L 158% | | | 1] 3.12 % L
| lo.000155 kgl | [ Ta67E7kg | T | 0.00311kg | -0.000771 kg
| Lead concentrate | | | capacitor, Steel, low-alloyed Aluminium scrap,
{IGLO}\ market for I| | tantalum-, for {GLO}| market for | post-consumer
! IAIIIoc Def, ul | I tlnrfu h-hole I /}Hoc Defr u I {NZ}| treatment of,
019 | | | 1.7 % | 176%] | | | 158 %
NN | |
0.000155 kg 4677k | | 0.00135kg | | T0.000652 kg I
Lead concentrate Capacitor, Steel, I lloyed ini scrap,l
{GLO}| zinc-lead tantalum-, for {RoW}] steel post-consumer, |
mine operation | through-hole production, ipr'ep§re'd ri |
49.1 % 11.7 % = 1.22 % L 163% | || 1]
|
I 2547k | T T 0.000142 kg | 8.56E-5ky | | 0.00048 kg
Tantalum, powder,} Ferronickel, 25% Nil Aluminium scrap, Aluminium scrap,
| capacitor-grade {(GLOY| market for | post-consumer, post-consumer,
{GLOY| market for i Alloc Def, U i prepared for prepared for
115% | | || bl 236%| | | | | 246 % L 13.8% |
— —
2.54E-7 kg 0.000142 kg | TassE-5kg |
Tantalum, powder, Ferronickel, 25% Ni| Zinc {GLO}| market|
capacitor-grade {GLO}| production for | Alloc Def, U
{GLO}| production | Alloc Def, U i i i 1 i i i
115% | 2.36 % L 26% | | |||
4.3E-5 kg
Zinc {GLO}|
primary production
from concentrate |
26 %

9.98E-5 kg
Zinc concentrate
{GLO}]| zinc-lead
mine operation |

32 %
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:

Indicator mode:

Exclude long-term emissions:
Node cut-off:

Network

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Human Toxicity (CTUh)

Cumulated indicator

No

2%

1E3m

Date: 10/11/2015 Time: 12:35:40 PM

0.00204 kg

0.000263 kg

Operation,
passenger car,
1.86E-8 CTU
6.45E6 p B85 74365 kg
Conventional | petral, | Tyre wear |
vehicle [un\eaded | emissions, |
l6.99€-9 cTUR 11E9 CTUh [2.826°9 cTun g
IT ] ‘
0.000288 kg 0.000793 k¢ 0.0605 kg 5.43E-5 kg -0.00402 kg . nmss 0.00119 kg
Lead {GLO}| lused ref Petrol, Tyre wear Used glider, | s |Aluminium,
market for {GLO}| market unleaded emissions, passenger car low: aHoyed | cast aloyf
2.20E'9 Crun [4.026-9 cTUR 53869 CTun [2.06E:9 cTUn [3.34£-9 cTun 77189 crUn 3.956.9 CTun

0.000127 kg
Lead {GLO}|
primary lead
[2.19E:9 cTUD

5.586-9 CTUR

0.000863 kg
Waste rubber,
unspecified

18766 kg
Electric

connector,
[3.46:9 cTUR

mult-storey

1.99E-6 m3
Building,
1.79E-9 CTUR

14169 kg 6.51E9 kg
Gold {US} Gold {RoW}
production | production |

[2.2480 cTUR l6.276-9 cTun

4.07E6 kg
Copper, from
solvent-extract]
1.84E-9 CTUR

1.86:9 CTUR

H

(L
unaHuyed

0.000441 kg [ 0. um:s kg [
Steel,
low-alloyed (e aHnyed

oSy
(e aHnyed
5.506:9 CTUR

2269 cTun
T 1

5569 CTun
[

J1.1366 kg
[Molybdenite
(GLO} marke
|4.39E-0 cTUn

0.000394 kg
Aluminium
oxide {GLO}|

0.000605 kg
JAuminium
[nydroxidef

1.64E-9 CTUR

0.000605 kg
Aluminium
hydroxide

1.64E-9 CTUR

6.41E-11p
I scrap |

preparation

81 kg
suige tailing,
off-site {GLO}|
[3.136:8 CTUD

| [
10SE-12p 52665 kg 43S kg 985E6 kg 1E5 kg 697660 766 0.00101 kg 0.00136 kg 0.00276 kg 0.00131 kg 0.000176 kg 0.000602 kg 91669 kg
Road veficle Epory resin, Zinc {GLO} Copper (RAS} | Copper {RLA)| Copper (RNAY] (Coper (Row| Reinforcing Reinforcing Steel, Auminium, Auminium, Platinum (ZA)]
factory {RoW) | Tiquid {RoW}| primary production, production, production, hecder steel {RER}]| steel {RoW}| low-aloyed, castaaloy’ castaalloy’ group metal
[4.24E-10 cTUN 763611 cTun| 20369 cTun l4.026-9 cTUn 1169 cTun 27169 crun 2829 cTun 2,838 CTun | 3.3889 crun l6.8269 cTun l6.4389 crun 1.84£.9 CTUR J6.75¢-10 cTUn 1.566-9 CTUn
T T T | ‘r i ] T T T T T ‘r ]
ESkg 407E5 10 2635 kg 20765 kg S7ESkg 0.00101 kg 5000202 5 0000406 g 0000771 kg
Copper | Copper, fro Copper Copper Copper Residue from Wluminium, uminium Auminium
concentrate solvent-exract] concentrate concentrate concentrate shredder primary, ingot oxide {GLOY| scrap,
3.3260 cTun L8429 crunl 17269 cTUh [2.1360 cTun 3.1480 cTun 28389 cTun 2.126:9 CTun 1.65E:9 CTUn [3.848-0 cmn
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

Network

NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Ecotoxicity (CTUe)

Cumulated indicator

Date: 10/11/2015 Time: 12:34:44 PM

Exclude long-term emissions: No
Node cut-off: 2%
1E3m
Transport,
passenger car,
6.13 CTUe
1E3 m 0.00612 kg
Operation, Passenger car,
passenger car, petrol {GLO}|
0.577 CTUe 5.55 CTUe
6.45E-6 p | 10.0605kg | [ ] 0.00408 kg 0.00204 kg
Conventional ?etrol, unleaded Glider, Internal
vehicle i{l}o:l‘l?\ market passenger car combustion
0.409 CTUe | 0.123 CTUe | | 1.93 CTUe 3.58 CTUe
! J i 1 " ! !
|
! || |
[ i — i i i
{ {0.000793 kg} [ 1.02E-5kg | | 8.63E5kg | -0.00402 kg 10.00412 kg | { {0.00158 kg{ | 0.00119kg | -0.00189 kg
| | Used tyre | | Printed wiring| Copper {GLO}| Used glider, Reinforcing steel 11 | steel, | | Aluminium, cast Used internal
|{GLOI}| market board, mounted | market for | | passenger car {GLOI}| market llow-alloyed, hot | alloy {GLO?ll combustion
e ey trrrrred trrrry Pt trrerrtd
0.264 CTUe | | 0.299 CTUe | | 0.262 CTuel | | 125ctue [l |o.1s2CTue! | 0.113 CTUe | | 0.127 CTUe | | 3.24 CTUe
_ ¥
0.000793 kg 1.02E-5 kg 10.00101 kg | 0.00131 kg 1-0.000771 ka
Used tyre Printed wiring IResidue from | Steel, Aluminium scrap,|
{GLO}| board, mounted shredder fraction| low-alloyed, hot| | | | post-consumer
| RN
0.264 CTUe - 0.299 CTUe [ || 0.0947 CTUe 2.77CTUe | | |
0.000259 kg | | 0.000863 kg | [ 874E-7kg | 0.00101 kg [ Jo00311kg -0.000771 kg
Scrap steel Waste rubber, | |Integrated | Residue from | | | Steel, | Aluminium scrap,
{RoW}| unspecified clircluilt, IIolt_:Jilc tlyee shredder fraction| i ilolw;allloyed post-consumer
0.204 CTUe 0.164 CTUe 0.186 CTUe I I 1.62 CTUe 0.212 CTUe | 2.77 CTUe
8.74E-7 kg | 7.67E-5kg |
Integrated | Scrap copper |
circuit, logic type| {GLO}| market
UNRARL
0.186 CTUe 2.93CTUe | | |
[ TtasE8kg 7.67E-5 kg
| Gold {GLO}| Scrap copper
| market for | {RoW}|
PETriyg
0.28CTUe | | 2.93 CTUe
6.51E-9 kg
Gold {RoW}|
production |
0.138 CTUe
[ o038 kg |
|Sulfidic tailing,
off-site {GLO}|
e I f
0.72CTUe| | | ml
0.0381 kg
Sulfidic tailing,
off-site {GLO}|
0.72 CTUe m
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions

Node cut-off:

5%
oot

Network

Transport, passenger car, small size, petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Air Acidification (kg SO2 eq)
Cumulated indicator

No

2%

!

0.00612 kg
Passenger car,
petrol {GLO}|
0.0

0.00204 kg
Internal

combustion

0.00013 kg 5

| 0.0756 kg
| Petroleum
{GLO}| market
0.00023 kg s

0.00412 kg

Reinforcing

steel {GLO|
[4.2E-5 ke 2]

0.0471 MI|

Electrity, |

>dium |

[4.2765 kg 50
T

| Platinu

|[r=

—t
0.00293 10.0958 1] 105 kg
iNaphlha | | A Printed wiring
i RoWyl § ibumed inj dium | board,

.75E SE- 1.526-5 kg SO

0.322 thm| 0.0228 kg

Transport,| Petroleum

freight, sea, RME}
¥

steel {RoW}|
[2.72E:5 kg SO

0.00318 k;

388E9 kg 0.0162 M) 0.0793 M) 0.0122 M)
Palladium Heavy fuel il Heavy fuel il Electrcity, I'st
{RUY burned in burned in edium |
1,665 kg 502 1.68E-5 kg SO [8.165 kg 502 [3.565 kg 502
1 T

0.00276 kg
Reinforcing

0.0487 M)

Efectricty, |
high voltagel
424 kg S0

[1.1268 kg

{GLO}| mr J’
2.92E-5 kg S0

fatinum

—

0.0133 M)
Electricy, |
high yoltagg

0.00276 kg 0.0119 M)
Steel, Electricty,
unalloyed high voltage
[2.26:5 kg 02| 1.85€-5 kg SO |

Alumin

primary, \nq'otH
[2.37-5 kg SO

0.0225 M)
Diesel, burned|
in

[2.5965 kg 501 |

1 §
0.0223 M)
Waste natural
gas, sour

0.000114 kg

0.00454 ke
1pigiron |
(GLO}| market
3.44€-5 kg SO

£
Alumin

primary, uqu’\aH
2355 kg 50}

I 0.00315 ke

Heavy fuel

| trowy) |
g ¢

Transport,
freight, sea,
1.526-5 kg SO

10.0045 kg
Sinter, iron

[0.00524 M1
lectricity,

550539 10
| Electricity,
tigh vatage,

16269 kg

{RU}1 group.
[2.44E-5 kg sOL |

Date: 10/11/2015 Time: 12:33:31 PM
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator:

Damage assessment, Climate Change (kg CO2 e)
Indicator mode:

Cumulated indicator

Exclude long-term emissions: No

Node cut-off:

2%

1E3m
Transport,
passenger car,

100 %

0.00649 kg 1E3 m
Passenger car, Operation,
diesel {GLO}| passenger car,
20.5 % 79.3 %
0.00233kg [ ] 0.00415kg [ | 6.45E-6 p 1 0.0618 kg |
Internal Glider, Conventional Diesel {RoW}|
combustion passenger car vehicle [market for | |
8.16 % 12% 3.21 %
‘ ! . [t 1 |
— ] [ —— |
— |
T T T T T -
1 0.00136 kg| 1 0.00421kg| | Jo.0as2 myf 0.0618 kg 0.0071 tkm
Aluminium, cast Reinforcing steel | [Electricity,| Diesel {RoW}| Transport,
| alloy {GLO}| {GLO}| market medium voltage petroleum freight train
Yoo |11 bl |11 toca |11 T |1
3.12% | | | 4.61% | | | 4.06% | | | 15.7 % || 0.157% | |
0.0002 kg 0.00282 kg 0.0489 MJ [ To.0742 kgl 0.158 MJ | 0.0549 M3 0.0071 tkm
Aluminium, cast Reinforcing steel Electricity, | Ipetroleum| Heat, district or Heavy fuel oil, Transport,
alloy {GLO}| {RoW}| medium voltage I{ LO}| marliet industrial, other | burned in freight train
1.83 % L 3.04 % L 4.03 % L 9.15% | | | |im 4.05 % a 2.19%| | | | L] 0.157 %
I 0.000228 kg I 0.00326 kg 170.00326 kg| Jo.0508 M| 0.00957 kg Tootiom |
Aluminium,{ | | steel,] §teel, unalloyed; Electricity, high Petroleum {RU}| Electricity, higl;\
!pr;m!aryl u;\g?t | o / 2 E{G!I.O!}\Im?rlﬂet v!olt!agtle{lJle production, V!°|?ag|e‘c’\|‘}||
povso | 1] 2wl L1 [s2see ! |11 4.04% | | | 2.78% L terol | | |
0.00283 kg 0.0144 MJ
Steel, unalloyed Electricity, high
{RoW}| steel voltage {CN}|
2.77 % L 2.5 %
T 0.00469 kgl
Pig iron {GLO}|
| market for |
|}
492% | | | L
0.00469 kg
Pig iron {GLO}|
production |
4.33 %

Date: 27/10/2015 Time: 5:25:18 PM
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SimaPro 8.0.5.13

Network Date: 27/10/2015 Time: 5:26:15 PM

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Damage assessment, Particulate Matter (kg PM2.5 eq)

Cumulated indicator

Exclude long-term emissions: No

Node cut-off:

2%

1E3m
Transport,
passenger car,

100 %

0.00649 kg 1E3 m
Passenger car, Operation,
diesel {GLO}| passenger car,
35.8 % 64.1 %
0.00233 kg 0.00415 kg 6.45E-6p | | X 74385 kg 5.77E-6 kg |[ |
Internal Glider, Conventional i | Tyre wear Brake wear
combustion passenger car vehicle |emissions,
16.9 % 18.9 % 3.28% o.78 %l | |
HHH —
I ‘ ‘ L
1 - | i |
= i T[]
T0.00169 kg | J0.00136 kg | 1 0.00421 kg T 0.0492 Mif 10.00099 kg 0.0618 kg 1.99E-5 kg 5.43E-5 kg 4.22E-6 kg
! | steel, | ! IAluminium, cast I Reinforcing 1 Electricity,! | Synthetic Diesel {RoW}| Tyre wear Tyre wear Brake wear
\ol ;aHloy:edi h(lnt ?Ikiy §GII.O?\ i | slteell {lGLIO}Il peld‘ullmlvol\talge r:Jblbeli {(IEL(I)) petroleum emissions, emissions, emissions,
333% | | | LJ 7.66 %| | | |l 7.96 % | | | |l 341%]| | | || 2.77% | | 28.9 % 2.98 % 8.13 % - 14.96 % .
1
— — i i —— i — - L 1
0.00141 kg 0.0002 kg 0.00139 kg 0.00282 kg 0.0489 MJ | 0.0742kg | 0.158 MJ 10.0549 M1 | 0.0109 M3
Steel, Aluminium, cast inforci inforci Electricity, | Petroleum | Heat, district or| Heavy fuel oil, | Electricity,
low-alloyed, hot} alloy {GLO}| steel {RER}| steel {Row}| medium voltage] {GLO}| market industrial, othe | burned in medium voltage|
2.78% 5.62% 2.61% 5.26 % 3.35% 175 | | lml| | 29% 8o | | 6.86% | | |
1‘ | |
10.00326 kg 0.000228 kg J0.00326 kg | 1 To.0508 Mjf [ 03317 thm 0.00957 kg 0.0455 MJ 0.0109 MJ
| |Steel, | |Aluminium, Steel, unalloyed| [Electricity, high| | Transport, Petroleum Heavy fuel oil, Electricity,
| low-alloyed primary, ingot| {GLO}| market | vol P} [freight, sea, {RU}| burned in medium voltage|
sra% | | 1L 6% | || s2a% ||| 1 2379 | | 9.34 % | 7.45 % - 6.86 % el
I —
— 1
= L] T ! - T
0.00142 kg 0.000106 kg 0.00283 kg 0.317 tkm T To.021 ] T0.0219 M3 T 0.0119 1]
Steel, Aluminium, Steel, unalloyed| Transport, Heat, district or| Waste natural Electricity, high
low-alloyed primary, ingot {RoW}| steel freight, sea, industrial, othe | gas, sour [voltage {CN}|
3.5% 4.91 % 4.49 % 2.37% 3.05%)| | | 5950 | | 725% | | |
Ll [ LTI
[ ‘ — | 1 ‘
T 1
| 0.00469 kg | 0.000108 kg 0.0162 MJ 0.0219 MJ 0.0144 MJ
Pig iron {GLO%\ Aluminium, Heat, district or| Waste natural Electricity, high
!mlarliet for | primary, liquid industrial, other| gas, sour voltage {CN}|
7.19 % | I I 4.87 % 2.82 % 5.95 % 116 %
5 gy
0.00469 kg 10.00591 M)
Pig iron {GLO}| |Electricity,
production | ! medium
7.06 % el 4.47 %I I I
— 1 |
1 —
[ 0.00465 kg | 1 0.051 Mjf 0.00591 MJ
| sinter, iron | Coke {GLO}| Electricity,
{GLO}| market market for | medium
2679 | || 3.75% | | 4.47 %
. [
0.00465 kg 0.0506 MJ [0.00608 M3 |
Sinter, iron Coke {RoW}| Electricity, high
{GLO}| coking | Alloc | voltage, | |
2.67 % U 3.72% a.47% | ||
T |
’ ][; T t
[ ~
10.00328 kg 0.00547 MJ
Hard coal {CN} Electricity, high
market for | voltage,
s.01% | | 4.47 % L
0.00328 kg
Hard coal {CN} |
mine operation
7.9 % el
Ll
0.000295 M3 |
E\l\e,ctricity, higfi
opepe for |
7.22% | | |
0.000133 MJ 0.000162 MJ
Electricity, high Electricity, high
voltage, for voltage, for
3.33% U 3.96 % o
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Network

Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U

NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Photochemical Oxidation (kg C2H2 eq)

Cumulated indicator

Exclude long-term emissions: No

Node cut-off:

2%

0.00649 kg
Passenger car,
diesel {GLO}|

47.6 %

1E3m
Transport,
passenger car,

100 %

1E3m
Operation,
passenger car,

52.1 %

0.00233 kg 0.00415 kg 6.45E-6 p 1 0.0618kg |
Internal Glider, Conventional Diesel {RoW}|
combustion passenger car vehicle |market for ||
211% 26.4% 5.26 % 3500 | | |
‘ [ T T T
[ [
I
! ‘ |
. L] 1= T 1 i
[ s — mERERN | [ ] |
1 0.00136 kg| 11.26E-8kg | | 0.000216 kg | To.1E-5kg]| ] 0.00421 kg| | 0.0492 M3 | 0.000521 kg 1 0.00099 kg| 0.0618 kg
Aluminium, cast| Platinum {GLO}|| | Polyphenylene {Copper {GLO}| Reinforcing steel | Electricity,| | Lubricating oil Synthetic rubber| Diesel {RoW}|
!al:oyl {GLO}| lm?rket for | | !sullﬁ?le {GLO}| ! nl1a|;ket for | {IGIEO)\ market :neldil:m voltage] !{GILOI)\ market I{G\I.Ol}l market petroleum
448% | | | 2.34%I I I I 2.95% | | L 2.15%I i 4.7%) | | | kel 3.69 aI I I L 3.54 I I I L 299% | | | 334 %
T N | ‘
a
} 1|
0.0002 kg 0.000216 kg 0.00282 kg 0.0489 M) 0.000348 kg I 0.0742 kg I To.0549 M I 0.0109 M1]
Aluminium, cast| Polyphenylene Reinforcing steel Electricity, Lubricating oil | Petroleum | Heavy fuel oil,| | Electricity, |
alloy {GLO}| sulfide {GLO}| {RoW}| medium voltage {RoW}| $G\I.O?| :n rk«let | b:Jrr:edli rlneldilimlvolltage
2.55 % 2.94 % 3.05 % 3.64 % 2.37% 169% | | | W 4.26%| | | 209% | | |
T0.000228 kg} 1 0.000349 kg | | i 0.00326 kg To.00326 kg | T 00508 ™3] ] 1 0317 tkm 0.00957 kg | | 0.0455 MJ 0.0109 MJ
Aluminium,{ P-dichlorobenzei | Steel, | Steel, unalloye Electricity, hig Transport, Petroleum Heavy fuel oil, Electricity,
| Al dichlorober | Steel, | I, unalloyed| El high | I fuel oil ]
primary, ingot i LneI{GILOI}\i | low-alloyed {GLO}| market | voltage {JP}| | freight, sea, {RU}| burned in medium voltage
29wl | 1] 267% | | || 264% | | a7l ||| 3es% | || L 289% | | 10.5% W [354% 2.09% U
0.000279 kg | | 0.00283 kg | | 0317tkm | | T 0.0219 M T o.o1omi] |
P-dichlorobenze Steel, unalloyed Transport, Waste natural Electricity, high
ne {RoW}| {RoW}| steel freight, sea, | gas, sour {voltage {CN}|
214 % L 2.04% L 2.8 % U 78%! ||| 220 |||
10.00469 kg 0.0219 M3 0.0144 M
Pig iron {GLO}| Waste natural Electricity, high
market for | gas, sour voltage {CN}|
3230 | | 7.8% 35%
0.00469 kg
Pig iron {GLO}|
production |
3.04 %

Date: 27/10/2015 Time: 4:58:33 PM
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Network

Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Cumulative Energy Demand (MJ LHV)
Cumulated indicator

Exclude long-term emissions: No
Node cut-off: 2%
1E3m
Transport,
passenger car,
100 %
0.00649 kg 1E3m
Passenger car, Operation,
diesel {GLO}| passenger car,
153 % 84.6 %
0.00233 kg | | 0.00415kg | | 6.45E-6p | | T 0.0618kg | [J
Internal Glider, Conventional Diesel {RoW}|
combustion passenger car vehicle
6.36 % = 8.89 % 3.33% L
[ | ‘ ‘ [
LT = i
10.00136 kg | 5.56E-7 kg| 1 0.00421 kd T0.0492 M3 T0.00099 kg | 0317 tkm 0.0618 kg
| Auminium, [lgnt emitting | Reinforcing | lectricty, | synthetic | | Transport, Diesel {RoW}|
i Qaslt allo}/ Idi?d? {ESLIO}J | slteell {lGLIO)I\ i rlne'diulm rlublber {|GL|O)J Ifrleiqh slea, petroleum
243% | | 0.0647 % | | 2.59%] | | 375% | | 2.17% | | | 0.707 %| | 81.8 %
|
5.56E-7 kg 0.0489 MJ 0.317 tkm 0.0742 kg 1 0.00288 k
Light emitting Electricity, Transport, | Petroleum! I Naphtha |
diode {GLO}| medium freight, sea, E{GILO.}\ mret E{RPV\{}llmlarl:et
0.0647 % 3.71% 0.707 % 84.1% | | | 37% | | |
it LT | 1 LT
I 1
170.00469 kg To0s08 ™I | 170.00234 kgl 0.00227 kg 0.0224 kg 0.00957 kg 0.00294 kg 0.00218 kg 0.00923 kg 0.0226 kg 0.00288 kg
Pig iron {GLO}| Electricity, high| !Heavy fuel oil Petroleum Petroleum Petroleum Petroleum Petroleum Petroleum Petroleum Naphtha
| market for | voltage (1P \i {RoW) | maricet {RAF}| {RME}| {RU}| {RoW}| (NG} {RoW}| {RoW}| {ROW}|
214% | | 373% | | | 3.03% | | | 2.67 % 24.6 % 123% 4% 2.68 % 101% 25.1% 3.66 %
0.00469 kg 0.00234 kg
Pig iron {GLO}|| Heavy fuel oil
production | {RoW}|
2.07 % 3.01 %
i 0.00328 kgi i 0.00288 kg&
| Hard coal | | [Hard coal |
] market | || || Row)| marke
236% | | | 211%]| | |
0.00328 kg 0.00288 kg
Hard coal Hard coal
{CN}| mine {RoW}| mine
2.35 % 2.06 %

Date: 27/10/2015 Time: 5:17:42 PM
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Date: 26/10/2015 Time: 7:48:55 PM

Product: Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator: Damage assessment, Resource (Abiotic) Depletion (kg Sb eq)
Indicator mode: Cumulated indicator
Exclude long-term emissions: No

Node cut-off: 2%
1E3m
Transport,
passenger car,
small size, diesel,
100 %
0.00649 kg 1E3m
Passenger car, Operation,
diesel {GLO}| passenger car,
production {NZ small size, diesel,
67 % 3%
0.00233 kg 0.00415 kg 6.45E-6 p
Internal combustior Glider, passenger Passenger car
engine, for car {GLO}| maintenance {NZ}|
passenger car production {NZ maintenance,
42 % 24.8 % 322%
i
— | ‘
| ] -
| To.00169kg | -0.00216 kg 10.000235 kg | [1.04E5kg | 10.000273kg | | To.00099 kg | |
Steel, low-alloyed, Used internal Aluminium scrap) | Printed wiring| | Lead {GLO}| | | Synthetic rubber |
|hot rolled {GLO}| combustion engine,| | new {Row}| |board, mounted market for | Alloc <iGLO}| market for
|mlarklet for | Alloc} from passenger car| market for | Allod mainboard, desktoy I I Def' UI\ I I |A\I\oc Def, UI I
0925 %I I I I 173% 3.39%I I I 13.6% I I I I .6 9| 5.91 %I | I -
0.00141 kg 1 -0.000881 kg | 0.000124 kg 1.04E-5 kg 0.00012 kg 0.000663 kg
Steel, low-alloyed, Aluminium scrap, Aluminium scrap, Printed wiring Lead {GLO}| Synthetic rubber
hot rolled {RoW}| | post-consumer] new {RoW}| board, mounted primary lead {RoW}| production
production | Alloc NZ|}\ |m?rk|et IforI | treatment of, at mainboard, desktoy production from | Alloc Def, U
0.772 % L 171% | | || 3.37% U 13.6 % 48.4 % 3.95 % o
| Tolo0326 kg | -0.000881 kg i i4.75£-7 ka | ] T0.000163kg |
ISteel, low-alloyed| Aluminium scrap, | I Capacitor, Lead concentrate
{GL'O}\ market Fpr post-consumer | tantalum-, for| G'LO}\ market For'|
| Alloc Def, U | {NZ}| treatment of, | through-hole | Alloc Def, U |
15wl | 1] 17.1% ] 3% | ||| uss ol | |||
0.00142 kg | 0.000742 kg [ 4.75E7 kg 0.000163 kg
Steel, low-alloyed Aluminium scrap, Capacitor, Lead concentrate
{RoW}| steel |post-consumer, tantalum-, for {GLO}| zinc-lead
production, I ;Iyreraredf r through-hole mine operation |
1.21% L 175% | | | | W 13% = 48.8 %
| To.000148 kgl | 9.73E-5kg | | 0.000546 kg | T258E-7kg |
Ferronickel, 25% Ni| Aluminium scrap, Aluminium scrap, Tantalum, powder,|
{GLO}| market for || post-consumer, post-consumer, | capacitor-grade
| |Alloc Def, u] | prepared for prepared for (GLOY| market for
231% | | ||| 2.65% L 149 % 11% | |||
0.000148 kg T Ts07Eskgl | 2.58E-7 kg
Ferronickel, 25% Ni Zinc {GLO}| market Tantalum, powder,
{GLO}| production i for | Alloc Defi ui capacitor-grade
| Alloc Def, U | i | i i i 11 {GLO}| production
231% U 272%| | ||| 11.1% m
4.75E-5 kg
Zinc {GLO}|
primary production
from concentrate |
27.2%

[ Too00109kg |
| Zinc concentratej
{GLO}| market for |
| | AllocDef, Ul |
320% | 111

0.000108 kg
Zinc concentrate
{GLO}| zinc-lead
mine operation |

329%
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions:

Node cut-off:

Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U

NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Human Toxicity (CTUh)

Cumulated indicator

No

2%

Network

Date: 10/11/2015 Time: 12:38:10 PM

0.00233 kg

T.04E-5 ka|
Pt virng
| board,
1.38€-8 CTUR
1

0.00421 kg I
Reinforcing

steel {GLO}|

1.04E8 crun 2.

fo.600301 kg 0.000753 K 0.0618 kg 543E5 kg

Lead {GLO}| lused tyref Diesel {(RoW} | Tyre wear

ot for| | aiop | petroleum emissions,
39E-9 CTUN [4.02-9 cTun| [4.126-0 cTUR| [2.06E-9 cTUR

—

0.000463 kg 0.00142 kg 0.0011 kg
Steel, Steel, Steel,
low-alloyed low-alloyed low-alloyed

5.87€9 CTUN

1.89E-9 CTUR| [5.78E-9 CTUR
T § E——

[y 1SSk 0.0432kg

Electri Spoil from

Ipreparatmn mnnecmr, hard coal

1.776-9 CTun [3.46E-9 cTUR| 2,580 cTUn
T

T48E8 kal
Gold {GLO}|
market for ||
1.286-8 CTUR

14769 kg 14369 kg 6.62E0 kg
Gold {AU}| Gold {US} Gold {RoW}|
production | production | production |
[2.76-9 cTun [2.286-9 cTun) l6.38€-0 CTUR
T

0. 00141 kg 0.0002 kg 0.000686 kg -0.000881 kg 1.03E-8 kg 1.16E-12 p 5.37E-5 kg .75E-5 kg . 1.06E-5 kg 7.35E-6 kg 1.05E-5 kg -3.94E-5 kg 0.00107 kg 0.00139 kg 0.000133 kg 0.000793 kg I 0.0742 kg
Aluminium, Aluminium, |Alumwmum Platinum Road vehicle Epoxy resin, Zinc {GLO}| Copper. Copper Copper Copper Copper scrap,| Residue from Reinforcing Relnforc\ng Lead {GLO}| Used tyre I Pe«roleum
\owaunved. cast alloy cast alloy {Z4}] group factory liquid {RoW}/| primary {RASY {RLA}| {RNA}| {RoW}| sorted, Ishredder| steel {RER}| steel {RoW}| primary lead {GLO}| {GLO}}
esieocrunl [aosescrunl] [zeserocru|  ases CTUh 1.766-9 CTUn| [4.49E-10 CTUf rseircrul]  fa2ee9crnl|  fa24es crun baseocunl| [2sseocrunl]  [2s5e9 cunl wossocnl] paescnnl) [emocunl] fpsescnsl [asescunl| lsoisscum 3.3669 CTun)
L I T T T T
| ‘ ‘ | |
i
000326 kg ot 0.000455 k S ooose g 0.0332 kg X 21865 kg G07ES 0.000881 kg
Steel, | IAluminium, Aluminium An.mmmm spoil from Copper Copper Waste rubber,
primary, ingot oxide {GLO}| [hard coal] te concentrate concentrate unspecified
-9 CTUN| 1.86E-9 CTUR 14.: 3959 CTUh 2.5E-9 CTUh [2.24E-9 CTUh [3.35E-9 CTUN| [5.7E-9 CTUh
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SimaPro 8.0.5.13
Project: NZ EECA LCA Study Oct 2015

Network Date: 10/11/2015 Time: 12:38:49 PM

Product: Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final August 2015) V3.00

Selected indicator:

Indicator mode:

Damage assessment, Ecotoxicity (CTUe)
Cumulated indicator

Exclude long-term emissions: No
Node cut-off: 2%
1E3 m
Transport,
passenger car,
6.65 CTUe
0.00649 kg 1B3m ||
Passenger car, Operation,
diesel {GLO}| passenger car,
6.1 CTUe 0.547 CTUe =
0.00233 kg 0.00415 kg 6.45E-6 p
Internal Glider, Conventional
combustion passenger car vehicle
4.09 CTUe 1.96 CTUe 0.409 CTUe ol
il
[ ]
TT ‘I TT ‘ T T T T ‘ T ! TT T T
| 10.00169 kg| | 10.00136 kg | -0.00216 kg | 1.04E-5kg | | 9.1E-5kg| -0.00409 kg | 10.00421 kg | | 0.000793 kg|
||| steel, | | Aluminium, cast Used internal |Printed wiring| Copper {GLO}| Used glider, Reinforcing steell | lused tyrel |
IIow-allo;/e:il, hot] | alloy {GLO}\' combustion board, mounted | market for | passenger car '{GLO}\ market l{GLO:,l market
AARNAND P T LTy PO PITeT
0.122CTUe | | |l 0.145CTUe | | 3.71 CTUe 0.305 CTUe| | | b 0.276 CTUe| | 1.28 CTUe | 0.155CTUe | | 0.264 CTUe | |
0.00141 kg 1-0.000881 kg 1.04E-5 kg [ To.00107 kgl | 0.000793 kg
Steel, Aluminium scrap,| Printed wiring | Residue from | Used tyre
low-alloyed, hot |pt|)st|-c|or|151|1n;|e{ board, mounted queldqei f:’alctilor: {GLO}|
0.102 CTUe o305ctue L) | |L7ic 0.264 CTUe
[ 10.00326 kg -0.000881 kg [ 8.89E-7 kg | 0.00107 kg 0.00026 kg 0.000881 kg | |
i | steel, | Aluminium scrap,| ! Integrated ! Residue from Scrap steel Waste rubber,
| |low-alloyed post-consumer circuit, logic type shredder fraction {RoW}| unspecified
LLiiing Iy
0.222 CTUe | 3.16 CTUe 0.189 CTUe| | | | 1.71 CTUe 0.204 CTUe 0.167 CTUe
| 8.69E5 kg | 8.89E-7 kg
| Scrap copper| Integrated
r{C-'iL'O}'l 'm?rlfe't circuit, logic type|
UL
3.32 crUei i i 0.189 CTUe
8.69E-5 kg { 1.48E-8 kg
Scrap copper | Gold {GLO}|
{RoW}| | market for |
IRUBEAE
3.32CTUe 028scrud | |
6.62E-9 kg
Gold {RoW}|
production |
0.141CTUe | |
1 10.0395 kg {
Sulfidic tailing,|
off-site {GLO
111 !{‘. | '}\
0.748 CTUe | |
0.0395 kg
Sulfidic tailing,
off-site {GLO}|
0.748CTUe
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, diesel, EURO 5 {NZ}| per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final August 2015) V3.00

Selected indicator: Damage assessment, Air Acidification (kg SO2 eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

0.00649 kg
Passenger car,
diesel {GLO}|
0.000282 kg S

0.00233 kg
Internal
combustion
10.000148 kg S

0.00415 kg

(S0 mae

[
i
0.0492 10}
Electricity,
jmedium
46E-5 kg

1.26E-8 ke
't I

3:286-5 kg 504 2,646 kg 01
| —
! |
000141 kg 0.0002 kg 1839 ko 1045 kg 000282 kg
Stee, Aluminium, Pltinum (RU}| Printed wiring Relnforcing
low-aloyed, cast alloy group metal board, steel {RoW}|
1.46E-5 kg SO 3.566-5 kg S04 | 27485 kg s0: 15565 kg 5O 27865 kg S0

0.00326 kg 0317 tkm
teel

Transport, |

0508 Ml
electricity, high
Voltage (P}
4.43E'5 kg SOL

0.00142 kg 0.00283 kg 0.0124 M) 0317 tkm T 0.0221 10 [ oozom]

Steel, Auminium, Steel, Electrcity, high Transport, Diesel, burned| [Waste natural

low-alloyed primary, ingot unalloyed voltage {IP}| freight, sea, 1 | ges,sour |
1.63E5 kg SO 26 [2.26€5 kg S0 1.936-5 kg SO 14.098-5 kg 50 0.000111 kg

0.0109 M3
Electricty,
medium

0.00469
fpigiron |
(GLOY| marke

0.000108 kg
Aluminium,
primary, liquid

kg SO:

[2.65

T

0.0162 MJ
Heat, district
or industrial,

1.64€-5 kg SO:

0.0219 M)
Waste natural
gas, sour

0.000111 kg

T
0.0221 M)
Diesel, burned|
in
[2.54E:5 kg 50
| E—

0.0642 thm
Transport,|
freight, sea,

1.57E:5 kg SO1

0.00591 M.
Electricity
| mediym
20265 kg s

0.0642 thm 00765 kgf 0.00591 M)

‘Transport, Sinter, ironj Electricity,

freight, sea, {GLOY) market medium
1.57E-5 kg SO [1.92E-5 kg S04 [2.02€E-5 kg SO4_|

0.00465 kg 0.00608 M)

rd coal
{CN} mine.
kg 50

Date: 10/11/2015 Time: 12:39:38 PM
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator: Damage assessment, Climate Change (kg CO2 e)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

0.00725 kg

]

]
6.45E6 p 00121 kg X 0.000543 kg 0.00125 kg 127E5 kg 0.000562 kg
PHEV Electricty, Ipetrol, | g Powertrain, Internal Printed wiring Battery cell,
Maintenance, 1 unleaded | for electric combustion board, surface Liion (P}
22 1.7 % 6659 | 228 % [7.05 % b3s% L] aaaw] | a2~ |
i -
% i
-
0.00107 kg| 0.0121 kg 0,00176 kg| 0.00493 kg 0000356 kg Jo.000746 kg 12765 kg
isynthetic | Petrol, isteel] | Reinforcing| Electric motor, | Aluminiu, Printed wiing
rubver (GLOY| unleaded Jow-aloyed stee (GL0) ] cstatoy board, surface
2219% | ps2% | 11| ] 2.49 %) | [21a%

0.0258 M) 0.0918 10 0035210 0.0185 kg 0.0592 M) 0.0121 M) 0.00146 kg 0.00163 kg 0.0033 kg

Electricity Electrcity gas| Electricity | petroieum | Electricty | Steel, Reinforcing Reinforcing
coal, sent ou] sent out geothermal I kewy | low-alloyed, steel (RER)]| steel {RoW}|
5.82% 103% l6.52% 332% 2% 5.7%

[

high voltage
l6.32 9

H

00547 10
I Electriiy,

—
Gl m] 0.00334 kg 0.0134 1) 0.0144 M) 0006343 kg
Electrcity, | Steel, Electricty, Electrcity, Auminium ]
high voltage unalloyed high voltage: high voltage primary, ingot

2.67% 1 | 14.75 % [28% [2.07 % 4.56% 1 |

0.0186 M)

Electricity,

high voltage
4.68 %

0.000163 kg
Aluminium,
primary, liquid)

.00506
Electricty, |

<y market
p.a1 %

0.00408 kg

Hard coal

{CN}| mine
235 % L

000408 g
Hard coal |

0.00906 M)

medium
[2.15 %

0.00933
Electricity, |

Date: 27/10/2015 Time: 11:01:35 PM
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator: Damage assessment, Particulate Matter (kg PM2.5 eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

s SwEsk iseen e
Ty wear e wear Sole e Py
emisiors, emisions, emssiors, emisions,

laase lazse leores lsssne

r]

o
eeacy,hgh
oage for

Date: 27/10/2015 Time: 11:00:52 PM
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SimaPro 8.0.5.13 Network Date: 27/10/2015 Time: 10:58:57 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator: Damage assessment, Photochemical Oxidation (kg C2H2 eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

B m
Transport,
nger car,
smallsize, hybrid
100 %
i3 m 0.00725 kg 0.000943 kg
Operation, Passenger car, Battery, Li-ion,
v car, hybrid elec-petrol, hargeable,
smallsize, hybrid ithout battery prismatic {JP)]
42 % 51.8 % 5.82 9%
64566 p 0.548 M) Jo.0121 kgl 0.00546 kg 0.000543 kg 0.00125 kg 0.000562 kg
Electrcity, New petrol, unleaded Glider, passenger Powertrain, for Internal Battery cell, Lidon
Maintenance, excl Zealand, low Row)| market for electric passenger combustion P} prodction |
on battery voltage 2015/NZ U| | Alloc Def, U | production {NZ car {6LO}] engine, for Al
|a.85 % 128% sswl 11| 317 % J9.65 % 104% 4.36 9%
L - F
| [7 i /———— | J
i 1 T
L] i i ~
_ _ | | — Im — — [
T 0.00107 kgl 0.000488 kg 0.57 M) 0.0121 kg TL37ES kg T 000493 kgl 100528 | 6.37E5 kg 0.000356 kg .000746 kg [0.000213 kg |
Synthetic rubber Lubricating ofl| Electrcity, New Petrol, unleaded Printed wiring Reinforcing steel Electrcity, mediym) Inverter, for Electric motor, Aluminium, cast{ Anode, graphite
(6L} market for G103 market for Zealand, high {RoW)] petroleum| board, mounte {GLOY! market for voltage OPy{1 electric passenger electic passenger alloy {GLOY | for lthiumion|
|1 Alloc Def, U || Alloc Def, U | voltage 2015/NZ U| refinery operation |mainboard, |1 Alloc Def, U ‘market for | Alloc car {GLO}| car {GLO}| Imarket for | Alloc battery {GLO}|
2.94% 3.03% | 12.8% 7.49 % 319 s03%| | o2 | | | 2.929% 2929 25 o4 73% |
I 1T 1
‘ ‘ = ] i T I
[ | I | I \,,,‘\ — — — T = — ‘
X 0.0258 M1 0.0918 M) T bowskd | Toozimw]| 13765 kg 0.0033 kg 0.0525 M) 12765 kg | 0.000308 kg | 0.000377 ka 0.000203 kg
Lubricating oi Electricity coal, Electricity gas, ser Petroleum {GLO}{ Electricity, medium Printed wiring Reinforcing steel Electricity, mediun) Printed wiring | Auminium, | Aluminium, cast Anode, araphite,
{RoW}{ productio sent out 2015/NZ out 2015/NZ U e for | Alog Ivoltage {C board, mounted {(RoW}/ productio voltage {1P}] board, surface | wrougnt aloy | alloy {Row} | for lithium-ion
| Alloc Def, U u | 1 oefu i | market for \Auuc ‘mainboard, | Alloc Def, U electricity voltage Imounted,i {GLOY| market for treatment of battery {Row}|
2.03% L 257 % L 9.19.% o 385%) | | bz | 1] 231% L .26 % L 357 N RARERE bl |1 1L 0.191 % 2.6 % L
= — | | | |
_ _ _ ‘ _ [ _ f 11
000345 kg 0.00239 kg 0.0121 M) fo.oosso kg | T 0.00385 kal 12765 kg 0.000233 kg | T32E5k Jo.000329kg |
Natural gas, in Petroleum {RU}| Electricity, mediuml teel, low-alloyed Steel, unalloyed Printed wiring Auminium, | Icapacitor, Copper {GLO}|
high pressure production, voltage {CN} (GLO}| market for| {GLOY| market for board, surface wrought alloy | awiliaries and market for | Alloc
mains/NZ U onshore | Alloc electricity voltage |, Alloc Def, U i i\ Alloc Def, U market for | Alloc ‘mounted, {GLO}Y| aluminium| energy use (GLO| i Defl ui i
6.42 % 2.39% 2.12 ssod | || perw] | | psow | | | 24% [2.719% oz | | sl |||
X Toossi T X T 00003439 | 1325 kg
Natural gas, at gas| Electricity, high Steel, unalloyed | Auminium, | pacitor,
separation voltage (N {RoW){ steel I primary, ingot | auxiliaries and
plant/NZ U ekt for | Aloc production, {GLOY| market for energy use {GLO}|
6.37% o 2205 | | | 22% L soseef | | L 2.02%
0.000543 kg 001860 [ ] T oooseskal ] 0.00016 kg
Venting at gas Electricity, high Pig iron {GLO}| Auminium,
processing voltage {CN}| market for | Alloc primary, ingot
plant/AU U electricity i i Dell, u | {CN}| production |
5.49 % [4.12% 343% | | | [2.48 9%
0.00545 kg 0.000163 kg
Pig iron {GLO} Aluminium,
production | Alloc primary, iquid
Def, U {CNY aluminium
323 % L [2.46 % L
.06 M
Blasting (GLO}1|
market for | Alloc
A
81% | | | Page. 1



SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:
Project:
Category:
Method:

Selected indicator:

Indicator mode:

Exclude long-term emissions:

Node cut-off:

Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Cumulative Energy Demand (MJ LHV)
Cumulated indicator

No

2%

0.00725 kg

6.45E6 p
PHEV

0.00107 kg|
Synthetic |

rubber (GLOY
3.5 % |

steel (6.0}
14.58 %

|

0.00493 kg
Reinforcing|

0.0258 M)

0.0033 kg

Reinforcing
steel {RoW}
3%

00185 kg
| Petroleum |

0.00565 kg 0.0547 ]

leum Electricity,|

{RoW}| high voltage
9.5%

l6.07% 1 |

0.00359 kg
| steel, |
fow-alloyed
279% | |

7700385 k]
| steel}
unalloyed |

ess o | |

| [

0.00334 kg
Steel,

H

0,00147 kg]| Jo.0136 M3
Heavy fuel oi IElectricty,
krowy| || high voltage
g9 o | |l i)
| ‘
0.00147 kg 0.0186 M)
Heavy fuel oil Electricty,
Row)| high voltage
[2.87 % [2.63%

.00157 m3
Natural gas,
high pressure|
209% | |

000327 kg
Herd coal |
lRowy| |

be2%

0.00327 kg
Hard coal
{RoW){ mine|

3.54%

000408 kg
[Hard coal
{CN}] market]
4449 |

0.00408 kg
Hard coal
{CN}| mine

l4.42 %

Date: 27/10/2015 Time: 10:59:43 PM
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SimaPro 8.0.5.13 Network Date: 26/10/2015 Time: 6:47:44 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Selected indicator: Damage assessment, Resource (Abiotic) Depletion (kg Sb eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

1E3m
Transport,
passenger car,
100 %
1E3m 0.00725 kg 0.000943 kg
Operation, Passenger car, Battery, Li-ion,
passenger car, hybrid rechargeable,
6.12 % e 88.7 % 5.13 % L
6.45E-6 p 0.00546 kg 0.000543 kg 0.00125 kg 0.000562 kg | |
Maintenance, Glider, Powertrain, for Internal Battery cell,
passenger car, passenger car electric ‘combustion Li-ion {JP}|
5.81 % 42 17.4 % 29.1 % 3.52 %
— y \g i [ EEaN
i — ‘ I t
ﬂ —— e E—
[ : : —
| || 17 — - — = — |||
J0.00107 kg | J1.37E5kg | | 0.00493 kg| -0.000538 kg 6.37E-5 kg 4.16E-5 kg 0.000356 kg [7.32E5kg | -0.00116 kg .00016 kg 0.000213 kg
| synthetic | Printed wiring| | Reinforcing| Used Inverter, for Charger, Electric motor, Lead {GLO}| | Used internal |Aluminium | Anode, |
rubber {GLO}J board, mounted I steel (GLO}J powertrain from( electric electric electric market for | | combustion scrap, new 9ralph'\te[ for
522 % Ll 231 %) . . 189 % 4.04 % 5.58 % 2.04 % 2.24 % 16.8%] | | 2% 2.97 %] | | 2.05 %I i I
N || I I
{ — | |
e
= 1] ‘ ‘ }
_ _ _ [ - 11 I ! _
0.000352 kg 0.000716 kg 1.37E-5 kg 0.0033 kg | 1.27E5kg | [9.28E-6 kg ] 0.000329 kg 3.23E-5kg [-0.000618 k 8.41E-5 kg
Synthetic Synthetic Printed wiring Reinforcing Printed wiring Capacitor, film copper {GLO}| Lead {GLO}| | Aluminium| Aluminium
rubber {RER}| rubber {Row}| board, mounted steel {RoW}| board, surface | type, for| | market for i primary lead | | scrap] scrap, new
2.71% L 5.5 % L 231 % 125% L a6 | | 1L 4739 | | 5650 | | 16.7 % 154%] | W || [295% U
T T 1 T
J6:25E7kg [ | | 0.00359 kg 1.27E-5 kg 9.28E-6 kg 38E5kg [5.14E5 kg [ | -0.000618 kg
| Capacitor, || | | | steel] Printed wiring Capacitor, film Copper {RoW}| | ltead | || | Aluminium
tantalum forl | low-alloyed| board, surface type, for production, fconcentrate || | scrap,
1910 ||| .a8% | | 4.66 % U 4.73% U 1.86 % L 1990 ||| 154 % m
_ \ T _
6.25E-7 kg 0.00156 kg | 3.44E-6 kg [5.51E-7 kg 0.00017 kg 5.14E-5 kg [ 0.000542 kg
Capacitor, Steel, | Integrated Silver {GLO}| Copper Lead |
tantalum-, for low- alloyed |c|rcu\t |o<l;|c market for | concentrate concentrate ! ! scrap)
19.1% 172 % L] 5 63 % el 5.26 %I I I 2.59 % L] 19.9 % 16.5% | | |||
| 3.4E-7kg || | | 0.000189 kg 3.44E-6 kg 2.22E-8 kg 7.11E-5 kg 0.000399 kg
|Tanta|um, Il | Ferronickel, Integrated Silver {GLO}| Aluminium Aluminium
| powder, Il IZS:‘/-: .M {GLO}| circuit, logic treatment of scrap, scrap,
9w | | 3820 ) | | 5.63 % L 2.76 % L 2.49 % L 14%
‘ — —1 T {l —
_ _ 11 ‘
3.4E-7 kg 0.000189 kg [ 4.81E-8 kg |4.55E-5 kg
Tantalum, Ferronickel, |Gold {GLO}| Zinc {GLO}|
powder, 25% Ni {GLO}| | marketl Folr | mark?t Flor |
189 % 3.82 % 6.74% | | 31.5 %)
2.16E-8 kg 4.26E-5 kg
Gold {RoW}| Zinc {GLO}|
production | primary
2.38 % 31.4 %
|
| E—
0.000101 kg
Zinc
concentrate
39.4 %

Page: 1



SimaPro 8.0.5.13 Network Date: 10/11/2015 Time: 12:46:26 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final August 2015) V3.00

Selected indicator: Damage assessment, Human Toxicity (CTUh)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

0.000943 kg
Battery, Li-ion,
rechargeable,

[2.68E-8 CTUL

passenger car,

1E3m
Operation,
[9.84€-9 cTUR

6.45E6 p 0.000543 kg 0.00125 kg T85E5m 0.000562 kg
PHEV. Glider, Powertrain, for| Internal Icable) | Battery cell,
Maintenance, passenger car electric combustion three-conducto Li-ion (P}
[3.6E:9 cTUn 5.05€-8 cTUR l4.56€-8 cTUN 12168 CTuh 14769 cTun] 1.94€-8 CTUR
| — |
| | . | | |
[ I [ ‘
0.00176 k 3765 kg ~0.00538 kg 0.00493 kg 637E5 kg 41665 kg 0.000356 kg 262E5kg 3.02E5 kg ~0.00116 kg 386ES M
| Steel, gI Printed wiring | Reinforcing| Inverter, for Charger, Electric motor,| Power Converter, for Used internal Cable,
low-alloyed; [board, | | steel {GLOY, electric electric electric distribution electric combustion three-conducto
[8.59E°9 cTUR 1 8168 CTuh 122E8 €T 1.266-8 CTUR [4.216:9 cTUn 1.11E8 CTUh j8.776:9 cTun l4.82-9 CTUR [3.18£:9 cTUR 3.07:9 cTUn
T T T 1T T 1
‘ ===l
I
0.00146 kg -0.000109 kg [r27Esiol
Steel, Copper scrap, Iprinted wiring
low-alloyed, sorted, p board, surface
7.176:9 cTUn 2919 cTun 2.546-6 cTun]
0.00116 kg 1.2765 kg 0.000233 kg ~0.000618 kg 0.000329 kg
Residue from 1 steel| Printed wiring Aluminium, Aluminium Copper {GLO}|
shredder market or |
[3.2380 cTun 5.07€8 CTUh
I"—I
0.00156 kg 0.00121 kg 276E6 kg kg 38265k 2.66E5 kg 38E5 kg
Steel, Steel, Electric Copper {RLAY| |copper (RNAY]| Copper
low-alloyed low-alloyed connector, production, production, Row)|
l6.36E-9 cTUn l6.476-9 cTUn [5.016:9 cTuh 1198 CTUR 1.036-8 CTUR 1.076-8 CTUn
13166 kg 67567 kg 0.000153 kg 0.0001 kg 7.9E5 kg 0.00017 kg
Molybdenite Resistor, Copper Copper Copper Copper
{GLO} marke] surface-mount] concentrate concentrate concentrate concentrate
5.076:9 CTuh [3.75:9 cTUn 1.276-8 CTUn l6.57€-9 cTun 8.126:9 cTUn j9.416:9 cTU

4.68E-9 kg

Gold {USH Gold {RoW}{

production | production |
[7.436-9 cTun [2.08-8 cTUR

0113 kg
sulfidic taiing,
off-site {GLO}

[9.276-8 cTUR
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SimaPro 8.0.5.13

Network

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions

Node cut-off:

Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U

NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final August 2015) V3.00

Damage assessment, Ecotoxicity (CTUe)
Cumulated indicator

No

2%

1E3m
Transport,
passenger car,
smal size, hybrid

[7.06 CTUe

I 4.81E-8 kg |

1Gold (GLOM{
market for | All

| Ioef,uf
0.929 CTUe I

4.78E-9 kg
Gold {AU}
production | Alloc
Def, U

0.188 CTUe

4.68E-9 kg 2.16E-8 kg
Gold {US}| Gold {Row}|
production | Alloc production | Alloc
Def, U Def, U

017 CTUe 0.459 CTUe =

Date: 10/11/2015 Time: 12:45:44 PM

0.00725 kg 0.000943 kg
Operation, Passenger car, Battery, Li-ion,
3 hybrid elec-petrol, rechargeable,
small size, hybrid without battery prismatic {JPY|
0.178 cTue L l6.29 cTUe 0589 CTUe |
0.00546 kg 0.000543 kg 0.00125 kg 0.000562
Glider, passenger Powertrain, for Internal Battery cell, Li-on
car {GLO}| electric passenger combustion {9P}] production |
production {NZ car {6LO} engine, for Alloc Def, U
[2.58 cTUe 146 CTUe [2.19 cm oso7cue  L|
T { T I [
‘ 0 1 ! !
[ 13765 kgl -0.00538 kg | 00493k | -0.000538 kg 6.37E5 kg 0.000356 kg 621 0.00116 kg 0.000213 kg |
Iprinted viring Used glider, IReinforcing steel Used powertrain Inverter, for Electric motor, Power distrbution Used internal Anode, araphite,
board, mounted passenger car {GLOY| market for from electric electric passenger | electric passenger unit, for electric combustion for htmum'\oni
i rv:amlboard,i {NZ} treatment | 1Al Def, U i passenger car, car {GLO}| car {GLO}| passenger car engine, from battery gGLO)\I
oot crue] | 1.68 CTUe oaszcrue | | lo.556 cTUe 0.274 cTUe l0.219 cTUe 0.191 cTUe 1.99 CTue 356CTUe | |
I T
. = |
13765 kg Jootieia | 0.0033 kg [ r2Esial -0,000618 kg 0.000203 kg
Printed wiring [Residue from} Reinforcing steel printed wiring luminium scrap, Anode, graphite,
board, mounted shredder fraction (Row} production board, surface for lthiumion
mainboard, !fm:n Tanuzll | Alloc Def, U ! mounted, ] battery {RoW}|
e s crun | e M| odsreriel | b beman M|
0.00116 kg [, Bowsoia T 12785 kg ~0.000618 kg 0.060529 kg |
Residue from Isteel, low-alloyed Printed wiring Aluminium scrap, Copper {GLO}!
shredder fraction {GLOY| market for board, surface market for | Alloc
from manual |1 Alloc Def, U mounted, {NZ} treatment Def, U
1.85 CTue o2ds crue | | 0.563 CTUe [2.22 cTue cud |||
T 3.44E6 kg | 6.16E-5 kg 3.76E5 kg 3825 kg 2.66E-5 kg X
Integrated circuit, Scrap copper Copper {RAS} Copper (RLAY| Copper {RNAY| Copper {Row)/|
logic type (GLO}} {GLOY| market for production, production, production, production,
market for | Alloc 1 Alog Def, U primary | Alloc Def primary | Alloc Def primary | Alloc D, primary | Alloc Def
ozssctel | 236 CTUe | | 0.294 CTUe 0.224 cTUe l0.235 cTue 0.193 CTUe
[
3.4966 kg 6.16E-5 kg 0.000153 kg i 15565 kg 0.0001 kg I 0.00017
Integrated circut, Scrap copper (Copper concentr ! copper, from (Copper concentr |Copper concentrate{ (Copper con:
logic type {GLO} {RoW)] treatment {RAS}| copper solvent-extraction {RLAY| copper {RNA}| copper {RoW}| copper
production | Alloc of, municipal ‘mine operation | | electro-winning ‘mine operation | mine operation | ‘mine operation |
0.733 cTue [2.36 cTUe 0.29 cTUe lo.1s1crud | 0.151 cTue l0.186 cTUe 0.216 CTUe

electro-winning

[0.161 CTUe

T o113k |
Sulfidic tailing,

0113 kg
sulfidic tailing,
off-ste {GLO}|

[treatment of | Allo

2.13 CTue
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SimaPro 8.0.5.13 Network Date: 10/11/2015 Time: 12:44:39 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, small size, hybrid elec-petrol, EURO 5 {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final August 2015) V3.00

Selected indicator: Damage assessment, Air Acidification (kg SO2 eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

mmmmmm

)
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SimaPro 8.0.5.13 Network Date: 27/10/2015 Time: 4:40:56 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, electric {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Selected indicator: Damage assessment, Climate Change (kg CO2 e)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%
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SimaPro 8.0.5.13 Network Date: 27/10/2015 Time: 4:42:04 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, electric {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Selected indicator: Damage assessment, Particulate Matter (kg PM2.5 eq)
Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%
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SimaPro 8.0.5.13

Network

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Transport, passenger car, electric {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Damage assessment, Photochemical Oxidation (kg C2H2 eq)
Cumulated indicator

Exclude long-term emissions: No
Node cut-off: 2%
=
=2
=
e
.- et
&5 e =
=3 P tis
-2 ) S
s e
= et
o =
J
| W
[ T 000625 i 0.000271 kg
Zzesland, high | Beniuen-ion battery |
e e
I
com e Bt [
B | B sl fmn) | [hemeis
e || | | R
[a79% -'1: 7.0 % o.62% "[ [294% vli [202% ’i

e e IS
Cope (S Conpr L) |
producin,pinan| producin,pinan| prducn,ginan|
i b U i b U i bt U
sz Ll | hax L leszse L

Date: 27/10/2015 Time: 4:54:11 PM
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SimaPro 8.0.5.13 Network Date: 27/10/2015 Time: 4:53:30 PM
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, electric {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final October 2015) V4.00
Selected indicator: Damage assessment, Cumulative Energy Demand (MJ LHV)
Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%

0.00165 kg
Battery cell,
Li-ion (P}

6.79 %

6.67E6p
BEV
Maintenance,

0.00108 kg
Synthetic |

00049 kg

00454 1]
Reinorcing

0.000625 kg

i Anode, Electriity
| medium
6% | |

graphite, for
2.16 %] |

0.0451 M)

coal, sent out|

0.038 M) 0.000484 kg
Electricity Cathode,
Litn204, for|
2399
T

0.00379 K
E Sl |

L unall .i
3.07 %

NSW, at
36%

000397 kg
Black coal,

0.00329 kg
Steel,

[

0.00756 m3 001 kg 0.000309 kg
Natural gas, 3 Aluminium,

wrought alloy
29 %

[0.000313 kg 1.476-7 kg
| Auminium, {uranium
g, )
294

Jo.0136 My

0.00511 kg
Pig iron

ol
II

T47E7 kgl 0.00115 kg 0.00392 kg 0.0677 Ml
Uranium, in| | Hard coal Coke {GLO}|
yellowcgke| {ON)] market]

287% | [2.09% lasa ] |

0.00392 kg

Hard coal

{CN) mine
462 %

0.00171 k%
|Hard coal
Iy |
2%

0.00305 kg

Hard coal

IRowy |
o8 %

0.00305 kg

0.00171 kg
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SimaPro 8.0.5.13

Network

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Transport, passenger car, electric {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015

Transport\! NZ Vehicle Study

NZ EECA LCA Impact Assessment (Final October 2015) V4.00

Damage assessment, Resource (Abiotic) Depletion (kg Sb eq)

Cumulated indicator

Date: 26/10/2015 Time: 6:28:15 PM

Exclude long-term emissions: No
Node cut-off: 2%
1E3m
Transport,
passenger car,
100 %
1E3 m 0.00276 kg 0.00592 kg
Operation, Battery, Li-ion, Passenger car,
passenger car, rechargeable, electric,
7.83 % 19.5% 72.6 %
- 1
6.67E-6 p 11.33e5kg]| 0.00165 kg 0.00551 kg 0.000414 kg
Maintenance, Printed wiring Battery cell, Glider, Powertrain, for|
passenger car, board, surface Li-ion {JP}| passenger car electric
7.81 % . 6.35% | | | il 134 % o 173%
] ] i
.I
| | S
T0.00108 kg 1.33E-5 kg T 2.97E-5 ke 0.000625 k 1.38E-5 kgl 2.35E-5 kg 11.84E-5 kg 10.00489 kg -0.000411 kg [ ] 4.86E5kg | | 3.17E5kg | | 0.000271 kg [ |
| synthetic Printed wiring } | Lithium | 1 Anode, | Printed wirin Zinc {GLO}| Lead {GLO}| |Reinforcing Used Inverter, for Charger, Electric motor,
rubber {IGL(I)} board, surface lhexafluorophs graphite, for } bloalrd,i‘ | walrkeletfl I\ market :orll steel I(GILO|}| powertrain electric electric electric
108% | | 6.35 % 339%]| | | 78% | | | 0.2 % 211 % | | 5.48 % | | 244% | | 4.01 % 5.53 % 2.03% 2.22%
0.000356 kg 0.000724 kg I 3.8E-6 kg 2.82E-5 kg 0.000594 kg 1.38E-5 kg 2.2E-5 kg 8.00E-6 kg 0.00328 kg I-o.ooom ke [7.05E-6 kg 4.27E-6 m2
Synthetic Synthetic Integrated Lithium Anode, Printed wiring Zinc {GLO}| Lead {GLO}| Reinforcing | Aluminium Capacitor, film| Zinc coat, coil;
rubber {RER}| rubber {RoW}| |circut, logic| graphite, for board, primary’ primary lead steel {RoW}| i sfrap,i | | type, f:)ri {GLO}| market
3.56 % U 7.24 % . 8.08% | | |l 3.22% 7.42 % n 21.1% 5.46 % 1.61% L 36% | | | 4.67 %] | | 261 %] | |
1 =1
] [
T ] | \
\ N = :
3.8E-6 kg I 0.000145 k 0.00054 kg T6.24E-5 kg I 1.9E-5 k Io.ooaos kg -0.000111 kg 7.05E-6 kg
Integrated I IHydrogen! ‘Copper {GLO}| | lLead | i Isteel, | Aluminium Capacitor, film
circuit, logic fl rlna[kelt f:)r I| Fopct‘ent{atie Ion‘/?lloI eld scrap, type, for
8.08 % o 2% | | | 954% | | 275% | | 3.6 % U 4.67 % Ll
T T o
5.21E-8 kg 0.000144 kg 6.24E-5 kg 8.49E-5 kg 6.31E-7 kg 6.21E-5 kg 1.9E-5 kg 0.00133 kg 0.000141 kg [4.65E-7 kg
| |
|Gold {GLO}| Hydrogen Copper {RoW}| Copper {RoW} || Capacitor, Zinc Lead Steel, | Aluminium Silver {GLO}|
| market for | fluoride {GLO}|| production, gold-sil i tantalum-, for concentrate concentrate low-alloyed | | scrap,| market for |
948% | | | lm 3.2 % L 3.97 % L 4.09 % 31.5 % 9.54 % 1.91% L] 5.56% | | | 5.76%| | |
2.34E-8 kg 1 0.000296 kg 0.000234 kg 0.000175 kg 0.000104 kg 1.88E-8 kg
Gold {RoW}| Fluorspar, 97% Copper IFerronickel, Aluminium Silver {GLO}|
production | Ip\lJritly iGII.O%\ concentrate 2.50/‘3 Nj :SLIO} scrap, treatment of
3.35 % 2.94%)| | | 4.62 % n 4.59% | | 4.72% n 3.03 % L
0.000296 kg 3.43E-7 kg 0.000175 kg
Fluorspar, 97% Tantalum, Ferronickel,
purity {GLO}| powder, 25% Ni {GLO}|
2.94 % L 24.7 % 14.59 % L
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions:

Node cut-off:

Transport, passenger car, electric {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study
NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Human Toxicity (CTUh)

Cumulated indicator
No
2%

Network

Transport,
passenger car,
efectric {NZ} | per
1.736-7 CTUh

B m 0.00276 kg 0.00592 kg
Operation, Battery, Lion, Passenger car,
passenger car, rechargeable, electric, without
electric {NZ) | per prismatic {JP}| battery (GLO}|
l6.58-9 cTUR [7.87€-8 cTuh J8.78€-8 cTun
[ [T
66766 p [ s22e5m] 13365 kol 0.00165 kg T Z1eE6 kg 0.00551 kg 0.000414
BEV Maintenance, | “Vcabie, | Printed wiring Battery cell, Li<on| |printed wiring Glider, passenger| Powertrain, for
excl Li-ion battery| three-conductor board, surface |{0P}| production || |board, surface LO}| electric passenger|
{NZ}| processing  cable {GLO}| ‘mounted, | 2 | mounted, | production {NZ car (Gl
3.47E:9 cTU |4.16€-9 CTUR | 66E-6 CTUN | 5.67€-8 CTUD 4.24E-9 CTUR | 5.16:8 cTUD 3.48€-8 cTUD
T it
‘. ‘ r = = t ‘\
6.76E5m 13365 kg 2.16E-6 kg Tocoiz4kg | | D3sE 5ol -0.00543 kg i 4.86E-5 kg 0.000271 kg 2E5kg 23E5kg
Cable, Printed wiring Printed wiring %bee\, low-alloyed Iprinted wiring Used glider, IReinforcing steef Inverter, for Electric motor, Power distribution Converter, for
three-conductor board, surface board, surface ot rolled {GLO}| board, mounted passenger car GLO)| market fo electric passenger| electric passenger| unit, for electric electric passenger|
cable {GLO}| ‘mounted, me 3 market for | Alloc| | mainboard, | {NZ}| treatment i | Alloc Def, U || car {GLO}| r {GLO}| passenger car car {GLO}|
5.386-9 cTUn |2.66E:8 cTUR la.24E-0 cTun Jo.08E9 cTUR 1.826-8 CTUN | |4.516-0 cTun 1218 crun] | j9.65E-9 cTUR l8.446-9 cTu l6.69E-9 cTUR [3.66E-9 cTUR
[ ’
—
[ 1 [
kal 6.68E7 kg || 0.00104 ko 1.38E-5 kg 0.00162 kg 0.00328 kg
Integrated circuit) |Rslsmrk,1 |l [Steel, low-alloyed, Printed wiring Reinforcing steel Reinforcing steel
logic type {GLO}| ot roled {RoW} | board, mount {RER)| RoW,
market for | Alloc GLO}| market fo ry {RoW)| production | Alloc| mainboard, production | Alloc| production | Alloc|
63E:8 CTUN 7169 cTun] || h [5.07€-0 CTUR 1.826:8 CTUR [4.01:9 cTUR [811E:0 cTUR
1
T
i |
3866 kg [0.00054 kg | | 28266 kg | 0.00306kg ]
Integrated circuit Copper {GLOI Electric connector, Steel, low-alloyed|
logic type {GLO}| market for | Alloc| | peripheral {oLOM market fo
roduction | Alloc| Def, U | ! component| 11 Allgc Def, U |
[3.636:8 cTUn esciun | 5.126-9 cTUR Lazescron] |
LE
] ] I
[ ' ; 1 1
| s21e8 6.17E-5 kg 6.27E-5 kg 4.36E-5 kg 6.24E-5 kg 266 0.00133 kg 03 kg
I Gold {GL0} Copper {RAS}| Copper {RLAY| Copper {RNA)| Copper {RoW)| [Electric connector, Stel, low-alloyed| teel, low-alloyed|
market for | Allog production, production, ion, production, peripheral {RoW)] steel {RoW} steel
1 T oef,u primary | Aloc primary | Alloc primary | Alloc primary | Aloc component production, production,
52 526-8 CTUh 19468 CTU 1768 CTUn 1.756-8 cTU 5.126-9 cTUh 54369 CTuh 55169 CTU
[
5.18E-9 kg 5.06E-9 kg 234E-8 kg 0.00025 | 25565 kal 0.000164 kg 0.00013 kg 0.000234 kg 1.1366 kol 0.000175 kg
Gold (AU Gold {Us}| Gold {RoW} Copper | Copper, from Copper Copper Copper Molybdenite Slag, unalloyed
production | Alloc| production | Alloc| production | Alloc| concentrate solvent-extraction| concentrate ncer concentrate (GLOY market fo electric arc
Def, U Def, U Def, U {RAS}] copper lelectro.winning {RLA}| copper {RNA}| copper {RoW}| copper | Alloc Def, U fumace steel
[9.51€9 CTUR [8.04€-9 CTUR [2.256-8 cTun [2.086-8 cTU 1.156-8 CTUh 1.086-8 CTuh 1.336:8 CTuh 1.296-8 CTUR 3569 CTUh | 94€-6 CTun|
t
L0y
To.ra6 kg | 25565 kg 0.000174 kg
Sulfidic tailing, Copper, from Slag, unalloyed
off-ite {GLO}
market for | Aloc electro-winning fumace steel
1267 Cuh 1.156-8 CTUh |4.89E-0 cTUR

Sulfdic taling,

1,267 CTUR

Date: 10/11/2015 Time: 11:43:37 AM
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SimaPro 8.0.5.13

Project: NZ EECA LCA Study Oct 2015

Product:

Project:

Category:

Method:

Selected indicator:
Indicator mode:

Exclude long-term emissions:

Node cut-off:

Transport, passenger car, electric {NZ} | per km | Alloc Def, U
NZ EECA LCA Study Oct 2015
Transport\! NZ Vehicle Study
NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Damage assessment, Ecotoxicity (CTUe)

Cumulated indicator
No
2%

Network

1E3m
Transport,

passenger car,
electric {NZ} | per
5.62 CTue

T

=S

Toweka |
Sulfdc taiing,

0.146 kg
sulfdic taiing,
off-site {GLO}
treatment of |

[2.77 cTUe

2.55E-5 kg
Copper, from

electro-winning
[0.264 CTUe

1EB3m 0.00276 kg 0.00592 kg
Operation, Battery, Li-on, Passenger car,
passenger car, rechargeable, electric, without
electric {NZ) | per prismatic (3P} battery {GLO)|
lo.114 cTUe 1.72 cn 3.78 cTue
1335 kg 0.00165 kg 0.00551 kg 0.000414 kg
Printed wiring| Battery cell, Lion Glider, passenger Powertrain, for
board, surface] {39} production | r {GLO}| electric passenger|
| mounted, Alloc Def, U production {NZ car {GLO}|
lo.s9 crue | 1.19 cTU 261 CTue 1.12 CTUe
l ‘
13365 kg T 0,000625 kg 113865 kg ~0.00543 kg T 0.0039 kg | ~0.000411 kg 4.86E-5 kg 0.000271 kg E5
Printed wiring Anode, graphite, Printed wiring Used glider, Reinforcing steel Used powertrain Inverter, for Electric motor, Power distribution
board, surface. 1 for lithium-ion board, mounte passenger car {GLO}| market for from electric electric passenger| electric passenger | unit, for electric
mounted, |pattery tGL f\ Imainboard, {NZ}]| treatment | Alloc, Def, ul passenger car, car {GLO}| car {GLO}| passenger car
lo.59 cTUe .05 Crue | 404 CTUe 1.69 CTUe o.ss crue | | os2acrie Ll lo.209 cTUe 0.167 cTue 0.146 CTUe
r — -
T3seska | 0.000594 kg 1.38E-5 kg | Taoseskg | 0.00328 kg T -0.000111 kg
Integrated circut, Anode, araphite, Printed wiring |Residue from |Auminium scrap, Reinforcing steel Aluminium scrap)
logic type {GLO}| for lithium-ion board, mounted shredder fraction 1 post-consumer | RoW)|  post-consumer
market for | Alloc battery {RoW}| mainboard, | from !mnuau {GLOY| market for| production | Alloc| {NZ}| market for
losos’crie | | l0.998 cTUe 0.404 CTUE 162 CTUe o.143crve | | l0.12 cTUe o398 cTue |
[
‘ ‘ ; | — — _
3866 kg | 0.00054 kg l2.8266kg | 0.00101 kg 1 0.00306 kg | -0.00011 kg
Integrated circult ICopper {GLO} [Electric connector, Residue from Steel, low-alloyed| Aluminium scrap,
logic type {GLO}| market for | Allo | peripheral shredder fraction {GLO}| martket for| post-consumer
production | Alloc| I Toefu |component from manual | Alloc, e, ul {NZ}| treatment
l0.808 cTue 1,64 CTUe | nacrie || 1.62 CTUe o209 criee || l0.398 cTUe
] L
: | | |
[s21E8%g | 6.17E5kg ¥ ¥ 6,285 kg 82E6 kg 15565 kd
Ieold {6LO} | Copper {RAS} Copper {RLAY| Copper {RNAY| Copper {RoW}| Electric connector, pper_|
market for | Alloc roduction, roduction, roduction, roduction, peripheral GLO} mariet fo
IN: r| ui i primary | Alloc primary | Alloc primary | Alloc primary | Alloc component 1 Allog Def, U i
1CTUe lo.483 cTUe l0.368 cTUe l0.386 cTUe 0.317 cTue 0.113 Tue 593 CTUe |
[ . | |
5.18E9 kg 5.06E9 kg 234E8 kg 0.00025 kg 25585k | 0.000164 kg 0.00013 kg 0.000234 kg 15565 kg
Gold {AU} Gold {US)| Gold {RoW3 | Copper |copper, from| Copper Copper Copper rap copper
production | Alloc| production | Alloc| production | Alloc concentrate concentrate concentrate concentrate {RoW}| treatment|
Def, U Def, U Def, U {RAS} copper {RLAY| copper {RNA}| copper {RoW} copper of, municipal
l0.203 cTUe l0.184 cTUe lo.497 cTUe l0.476 cTUe l0.247 cTUe l0.305 cTue 0.296 CTUe l0.593 cTUe
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SimaPro 8.0.5.13 Network
Project: NZ EECA LCA Study Oct 2015

Product: Transport, passenger car, electric {NZ} | per km | Alloc Def, U
Project: NZ EECA LCA Study Oct 2015

Category: Transport\! NZ Vehicle Study

Method: NZ EECA LCA Impact Assessment (Final August 2015) V3.00
Selected indicator: Damage assessment, Air Acidification (kg SO2 eq)

Indicator mode: Cumulated indicator

Exclude long-term emissions: No

Node cut-off: 2%
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Pedigree matrix

ok
Score 1 2 3 4 5
Verified data based on Verified data partly based on MNon-verified data partly based Qualified estimate (e.g. by Nen-qualified estimate
= measurements assumptions OR non-verified on qualified estimates industrial expert); data derived
= data based on measurements from theoretical information
| (stoichiemetry, enthalpy, etc.)
S ¢ [1o0 1.05 1.10 1.20 1.50
Representative data from all | Representative data from Representative data from only Representative data from only | Representativeness unknown
@ | sites relevant for the market =50% of the sites relevant for some sites (<<50%) relevant for |one site relevant for the or data from a small number
5 | considered over an adequate |the market considered over an | the market considered OR >50% | market considered OR some | of sites AND from shorter
K] period to even out normal adequate period to even out of sites but from shorter periods | sites but from shorter periods | periods
g fluctuations normal fluctuations
S 8 4100 1.02 1.05 1.10 1.20
Less than 3 years of Less than 6 years of difference | Less than 10 vears of difference |Less than 15 vears of Age of data unknown or more
= 5| difference to our reference to our reference year (2000) to our reference year (2000) difference to our reference than 15 years of difference to
5 | vear (2000) year (2000) our reference year (2000)
2m
E &
bt 2 g[100 1.03 1.10 1.20 1.50
_ Data from area under study Average data from larger area | Data from smaller area than Data from unknown OR
8 in which the area under study is | area under study, or from similar distinctly different area (north
= g included area america instead of middle
E‘ = east, OECD-Europe instead of
2 o Russia)
s o5
S @ g[1.00 1.01 1.02 1.10
Data from enterprises, Data on related processes or Data on related processes or | Data on related processes or
Tg processes and materials rmaterials but same technology, | materials but different materials but on laboratory
ol under study (i.e. identical OR Data from processes and technology, OR data on scale of different technology
- _g technology) rmaterials under study but from laboratory scale processes
g g different technol and same technol
£ 5 ogy ogy
8 Z gioo 120 1.50 2.00
=100, continous =20 = 10, aggregated figure in env. | >=3 unknown
© measurement, balance of report
E— of Purchased products
S & Yoo 102 105 110 1.20

Copyright PRé Consultants B.V
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D2 Pedigree assessment of study-specific data and assumptions

The following table provides the assessment of uncertainty, based on the Pedigree Matrix in Section D1. A qualitative description provides the basic
rationale behind the uncertainty score applied to each assumption.

Data or assumption Conventional Electric Quialitative description (rationale)

Overall vehicle weights and proportions (3,3,1,2,3,na) (3,3,1,2,3,na) Estimations and own calculations, based on industry sourced data and industry-
applied assumptions, described in Section 4.1. Representative of vehicles class
available in NZ.

Overall battery weight and proportions (2,3,1,1,2,na) Industry sourced data and based on own calculations as described in Section 4.1

Importing (3,1,1,1,2,na) (3,1,1,1,2,na) Estimation, based on importing distance, described in Section 4.2.

Disposal

Aluminium scrap treatment - electricity usage (2,5,4,3,1,na) (2,5,4,3,1,na) Estimation, based on ecoinvent v3.1, assumes NZ electricity usage
Copper scrap treatment - electricity usage (2,5,4,3,1,na) (2,5,4,3,1,na) Estimation, based on ecoinvent v3.1, assumes NZ electricity usage
Used glider treatment - electricity usage (3,5,4,3,1,na) (3,5,4,3,1,na) Estimation, based on ecoinvent v3.1, assumes NZ electricity usage
Used engine treatment - electricity usage (3,5,4,3,1,na) (3,5,4,3,1,na) Estimation, based on ecoinvent v3.1, assumes NZ electricity usage
Internal combustion engine
Overall weight (2,3,2,4,2,na) (2,3,2,4,2,na) Industry sourced data and based on own calculations as described in Section 4.1
Materials and specific weights (2,4,4,4,2,na) (2,4,4,4,2,na) Based on Volkswagen Golf A4, Ref: Volkswagen (2014) LCA of e-Golf
Glider
Overall weight (2,3,2,4,2,na) (2,3,2,4,2,na) Industry sourced data and based on own calculations as described in Section 4.1
Materials and specific weights (1,3,4,4,2,na) (1,3,4,4,2,na) Based on Volkswagen Golf A4, Ref: Volkswagen (2014) LCA of e-Golf
Powertrain
Overall weight - (2,3,2,4,2,na) Industry sourced data and based on own calculations as described in Section 4.1
Materials and specific weights - (1,4,2,4,2,na) Based on direct information from Swiss electric vehicle-parts manufacturer

Brusa.

243139-00 | Final | 10 November 2015 | Arup, Verdant Vision

ARUP-VERDANTVISION - NZ EECA ELECTRIC VEHICLES LCA - TECHNICAL REPORT FINAL 13.11.2015.D0CX

Page D2



Energy Efficiency and Conservation Authority

Life Cycle Assessment of Electric Vehicles

Final Report

Data or assumption Conventional Electric Quialitative description (rationale)
Battery materials
Battery cell, Li-ion - (1,4,2,3,1,na) Average from literature values, from ecoinvent v3.1
Reinforcing steel - (2,4,2,3,3,na) Average from literature values, from ecoinvent v3.1
Sheet-rolling for steel - (2,4,2,3,3,na) Average from literature values, from ecoinvent v3.1
Used li-ion battery - (1,1,2,1,1,na) Average from literature values, from ecoinvent v3.1
Printed wiring board - (1,4,2,3,1,na) Average from literature values, from ecoinvent v3.1
Metal working factory - (5,5,3,3,3,na) Average from literature values, from ecoinvent v3.1
Cable - (3,4,2,3,1,na) Average from literature values, from ecoinvent v3.1
Printed wiring board - (1,4,2,3,1,na) Average from literature values, from ecoinvent v3.1
Electricity - (4,5,4,5,3,na) Average from literature values, from ecoinvent v3.1
Specific electric vehicle components (materials and weights)
Charger, electric passenger car - (1,4,2,4,2,na) Based on direct information from Brusa.
Electric motor - (1,4,2,4,2,na) Based on direct information from Brusa
Inverter - (1,4,2,4,2,na) Based on direct information from Brusa
Power distribution unit - (1,4,2,4,2,na) Based on direct information from Brusa
Operation
Brake wear emissions (2,2,3,4,1,na) (2,1,3,4,1,na) Industry-sourced information, literature study, from ecoinvent v3.1
Maintenance (2,2,3,4,1,na) (3,3,3,3,3,na) Estimation, from ecoinvent v3.1
Tyre wear emissions (2,2,3,4,1,na) (2,1,3,4,1,na) Industry-sourced information, literature study, from ecoinvent v3.1
Electricity consumption (2,3,1,4,3,na) (2,3,1,4,3,na) Industry-sourced information, own calculation as described in Section 4.3.
Diesel/petrol consumption (2,2,1,1,1,na) - Industry-sourced information, own calculation as described in Section 4.3.
Percent fuel split for hybrid electric (4,3,1,4,3,na) - Estimation based on industry-sourced information, described in Section 4.3.
Lifetime of vehicle (4,2,1,3,3,na) (4,2,1,3,3,na) Estimation based on industry-sourced information, described in Section 4.3.
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Data or assumption Conventional Electric Qualitative description (rationale)
New Zealand electricity For all descriptions relating to electricity below, refer also to Appendix E1.

Coal (2,1,1,1,1,na) (2,1,1,1,1,na) Egta from literature-source specific to NZ electricity, described in Section 3.5 and
Water (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLCI data
Black coal (3,3,1,3,1,na) (3,3,1,3,1,na) Assumes density of coal in NZ, based on AusLCI data
Transport (trucking) (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLCI data
Transport (rail) (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLCl data
Emissions to air (carbon dioxide, methane, (2,1,1,1,1,na) (2,1,1,1,1,na) Calculated, data from literature-source, based on total emissions from electricity
dinitrogen monoxide, nitrogen oxides, carbon generation using coal (2013 MftE data)
monoxide, NMVOC, sulfur dioxide)
Emissions to air (other Australian NPI pollutants) (3,3,1,3,1,na) (3,3,1,3,1,na) Estimated, based on Australian NPI data for electricity from coal

Gas (2,1,1,1,1,na) (2,1,1,1,1,na) Dgta from literature-source specific to NZ electricity, described in Section 3.5 and

4.3.

Water (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLCI data
Natural gas (3,3,1,3,1,na) (3,3,1,3,1,na) Assumes carbon content of natural gas in NZ, based on AusLCI data
Transport (trucking) (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLCl data
Transport (rail) (3,3,1,3,1,na) (3,3,1,3,1,na) Estimation, based on AusLClI data
Emissions to air (carbon dioxide, methane, (2,1,1,1,1,na) (2,1,1,1,1,na) Calculated, data from literature-source, based on total emissions from electricity
dinitrogen monoxide, nitrogen oxides, carbon generation using coal (2013 MftE data)
monoxide, NMVOC, sulfur dioxide)
Emissions to air (Remaining Australian NPI (3,3,1,3,1,na) (3,3,1,3,1,na) Estimated, based on Australian NP1 data for electricity from coal
pollutant data)

Hydropower (2,1,1,1,1,na) (2,1,1,1,1,na) Literature source

Geothermal (2,1,1,1,1,na) (2,1,1,1,1,na) Literature source
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Data or assumption Conventional Electric Quialitative description (rationale)
Emissions to air (CO2, Methane) (2,1,1,1,1,na) (2,1,1,1,1,na) Calculated, data from literature-source, based on total emissions from electricity
generation using coal (New Zealand's Greenhouse Gas Inventory 1990-2013
Snapshot, 2013 emissions from energy generation, tonnes)
oil (2,1,1,1,1,na) (2,1,1,1,1,na) Literature source
Wind power (2,1,1,1,1,na) (2,1,1,1,1,na) Literature source
Landfill gas (2,1,1,1,3,na) (2,1,1,1,3,na) Proxy for biogas and remaining
Bagasse (2,1,1,1,3,na) (2,1,1,1,3,na) Proxy for wood
Losses (2,1,1,1,1,na) (2,1,1,1,1,na) Literature source
Tailpipe emissions - conventional (2,2,3,4,1,na) - Literature source, based on engine Euro class (EURO 5)
Tailpipe emissions - hybrid - (3,3,2,2,4,na) Estimation of tailpipe emissions, pro-rated by fuel use to petrol conventional
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D3 Detailed results

D3.1 Conventional petrol engine vehicle compared to BEV

Table 24 Uncertainty Analysis — Comparing conventional petrol engine vehicle against battery electric vehicle (BEV), Confidence interval of 95%, 1000 runs performed

Damage category Conventiona | Mean Median SD Units CV 2.50% 97.50% Standard
| petrol (Coefficient error of
engine of Variation) mean
vehicle >
BEV
(% of times)

Air Acidification 60.1% 6.47E-05 2.99E-05 1.87E-04 kg SO> 289.09 -1.46E-04 | 4.71E-04 | 5.91E-06

Climate Change 100.0% 0.150 0.149 1.30E-02 kg CO; 8.65 0.124 0.175 0.000

Cumulative Energy Demand 100.0% 1.802 1.698 7.94E-01 MJLHV | 44.05 0.552 3.633 0.025

Ecotoxicity 66.4% 0.459 0.839 2.58E+00 DAY 561.94 -5.774 4.104 0.082

Human Toxicity 45.1% -8.53E-08 -8.48E-08 7.75E-07 DALY -907.87 -1.68E-06 | 1.46E-06 | 2.45E-08

Particulate Matter 99.8% 2.69E-05 2.46E-05 1.51E-05 PM2s 56.33 5.92E-06 | 6.12E-05 | 4.79E-07

Photochemical Oxidation 100.0% 5.35E-05 5.22E-05 9.50E-06 kg CoHz | 17.75 4.12E-05 | 7.35E-05 | 3.00E-07

Resource (Abiotic) Depletion 67.0% 3.46E-06 4.75E-06 1.54E-05 kg Sh 445.56 -3.01E-05 | 2.90E-05 | 4.87E-07
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Damage assessmentClimate Change
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Damage assessment Particulate M atter
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Damage assessment Cumulative Energy De mand
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Damage assessment Resource (Abiotic) Depletion
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Damage ass es sment Ecotoxdty
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Damage assessmentHuman Toxidty
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Damage assess ment Photochemical Oxdation
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Table 25 Uncertainty Analysis — Comparing conventional diesel engine vehicle against battery electric vehicle (BEV), Confidence interval of 95%, 1000 runs performed

Damage category ICE (Diesel) | Mean Median SD Units CV 2.50% 97.50% Standard
> BEV (Coefficient error of
(% of times) of Variation) mean
Air Acidification 54.5% 3.04E-05 1.15E-05 1.26E-04 kg SO> 413.59 -1.36E-04 | 3.54E-04 3.98E-06
Climate Change 100.0% 0.106 0.105 1.06E-02 kg CO; 10.01 0.086 0.128 0.000
Cumulative Energy Demand 99.7% 1.648 1.576 7.84E-01 MJLHV | 47.60 0.335 3.372 0.025
Ecotoxicity 73.7% 1.050 1.284 2.30E+00 DAY 219.14 -4.273 4.899 0.073
Human Toxicity 44.7% -1.23E-07 -7.54E-08 8.85E-07 DALY -721.57 -2.00E-06 | 1.55E-06 2.80E-08
Particulate Matter 100.0% 2.54E-05 2.41E-05 1.03E-05 PM2s 40.32 9.81E-06 4.87E-05 3.24E-07
Photochemical Oxidation 96.4% 9.12E-06 8.54E-06 6.63E-06 kg C:H. | 72.67 -1.10E-06 | 2.49E-05 2.10E-07
Resource (Abiotic) Depletion 74.0% 5.61E-06 7.07E-06 1.52E-05 kg Sb 271.76 -3.06E-05 | 3.42E-05 4.82E-07
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DamegeassessmentJinete Change

Probability
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0014
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Method: NZ ERCALCAInpadt Assessment (Find Odtober 2015)V4.00, confidenceinterval: 95%

1 km'Trarsport, passenger @, dedric {NZ} | per kin | Alloc D, U (B),
Uncartaintyandlysis of 1km'Transport, passenger car, sl size, diesdl, BJRO5{NZ}H perkan | AllocDef, U' (A)minus
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Probability
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Method: NZ ERCALCAInpadt Assessment (Find Odtober 2015)V4.00, confidenceinterval: 95%

1 km'Trarsport, passenger @, dedric {NZ} | per kin | Alloc D, U (B),
Uncartaintyandlysis of 1km'Transport, passenger car, sl size, diesdl, BJRO5{NZ}H perkan | AllocDef, U' (A)minus
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Damegeassessnent Cumulative Erargy Denand

Probability
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Appendix E

Detailed assumptions
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E1 New Zealand electricity

The following table provides the assumptions relating to New Zealand electricity.
The assumptions have been used to modify AustralianLCI inventory data for
electricity for a New Zealand context. Table 26 outlines the amount of electricity
contributed by each energy technology to the New Zealand energy grid in 2014.

Table 26 Grid electricity energy mix in 2014

Source Electricity generated (GWh)* | Notes

Hydroelectricity 24,093 Transmission losses: 2.8%
(ot I s s o o
Geothermal 6,847 net generation)*.,

Coal 1,855

Oil 6

Wind 2,188

Other 33

Wood 366

Biogas 223

The total emissions to air from electricity generation from coal in New Zealand
for 2013 are outlined in Table 27.

Table 27 New Zealand total coal electricity emissions in 2013

Emission type Emissions (tonnes)*? Notes

CO, 1,615,903 Primary energy from coal: 17.9 PJ*

CHa 11 Electricity generated from coal: 2,238 GWh*
N0 26

Cco 150

NOx 6,340

NMVOC 83

SO, 6,800

41 Data for 2014, Quarterly Electricity Graph and data tables, Ministry of Business, Innovation and

Employment NZ, Table 2
42 New Zealand's Greenhouse Gas Inventory 1990-2013 Snapshot, 2013 emissions from energy

generation

4 NZ MBIE 2015 Data, Table 4 - Annual Coal Supply, Transformation & Consumption (PJ),
includes only Transformation: Electricity Generation and Production losses and own use

4 Data for 2013, Quarterly Electricity Graph and data tables, Ministry of Business, Innovation and

Employment NZ, Table 2
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The total emissions to air from electricity generation from natural gas in New
Zealand for 2013 are outlined in Table 28.

Table 28 New Zealand total natural gas electricity emissions in 2013

Emission type Emissions (tonnes)* Notes

CO; 3,409,035 Primary energy from gas: 60.1 PJ*

CHq 178 Electricity generated from gas: 8,134 GWh*
N20 5.8

Cco 1,866

NOx 12,831

NMVOC 292

SO, 0

The total emissions to air from geothermal electricity generation in New Zealand
for 2013 are outlined in Table 29.

Table 29 New Zealand total geothermal electricity emissions in 2013

Emission type Emissions (tonnes)*® Notes

CO2 597 Electricity generated from geothermal: 6,847
GWh*

CH4 6.1

E2 Process flows

Appendix C provides a summary of the product and process flows for each of the
vehicles used in the study. The flows provide the energy, masses and components
of various unit processes into the functional unit of 1 km travel per vehicle. The
cut-off for the diagrams is 2%.

4 New Zealand's Greenhouse Gas Inventory 1990-2013 Snapshot, 2013 emissions from energy
generation

4 NZ MBIE 2015, Gas Production and Consumption, 2013 data for Electricity generation,
production losses & own use, transmission and distribution losses

47 Data for 2013, Quarterly Electricity Graph and data tables, Ministry of Business, Innovation and
Employment NZ, Table 2

48 New Zealand's Greenhouse Gas Inventory 1990-2013 Snapshot, 2013 emissions from energy
generation

49 Data for 2014, Quarterly Electricity Graph and data tables, Ministry of Business, Innovation and
Employment NZ, Table 2
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