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Outline of the tutorial

TOPIC 1 Introduction in LCA
e Introduction in LCA methodology;
e  Application of LCA.
15:00-16:15 e LCA structure: WTW and LCA;
 How to read studies and how to interpret?
e Lessons learned from literature on LCA of BEV;
(Coffee) Break
16:15-16:30
TOPIC 2 Overview current LCA Studies on electric vehicle concepts
16:30-16:45 e  Overview of LCA results
TOPIC 3 Key Issues: LCA of electric vehicles
e  General framework;
e  Production;
16:45- 17:50 e Use stage;
e End-of-Life;
e Range-based vehicle LCA.
TOPIC4 Summary, conclusion and discussions
17-50-18:00 e Wrap up of tutorial and main conclusions;

. Discussion.
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TOPIC 1: Introduction in LCA

* Introduction in LCA methodology
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Methodology of Life Cycle Assessment (LCA) —
life cycle thinking

Avoid...

...solving a problem...
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Methodology of Life Cycle Assessment (LCA) —
life cycle thinking

Avoid...

...solving a problem...

... by creating
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Methodology of Life Cycle Assessment (LCA) —
life cycle thinking
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Methodology of Life Cycle Assessment (LCA) —
What is LCA

LCA ?

Definition of Life Cycle Assessment (ISO 14040):

“LCA is the compilation and evaluation of the inputs, outputs and the
potential environmental impacts of a product system throughout its life
cycle”
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Internal benefit
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Internal Benefits from LCA

Detection of strategic risks and
environmental issues

|dentification of relevant steps in the
complete life cycle of products

Development of sustainable products
based on environmental information

Support in fulfilling laws and
restrictions

Improvement of motivation of
employees

Support in environmental management
systems (i.e. EMAS II)
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External Benefits from LCA

e Enhancement of communication to politics

and authorities
External benefit

 |mprovement of image due to ecological
considerations

e Supporting environmental innovations and
decrease of environmental impacts

<: ©j>  Competitive advantage by inclusion of

environmental aspects

* |nternational standardized approach (ISO
14040 and I1SO 14044)

=>» International and public acceptance
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Methodology of LCA —ISO 14040 and 14044

ISO 14040:
Principles and framework of LCA

ISO 14044:
Requirements and guidelines
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LCA according to ISO 14040 and 14044

Goal and scope of the study
Life cycle inventory analysis (LCI)
Life cycle impact assessment (LCIA)

Life cycle interpretation
Reporting
Critical review (optional)
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LCA according to ISO 14040 and 14044
1. Goal and scope of the study

e Goal of the study

* intended applications
e reasons for carrying out the study
* intended audience

. Scope of the study

function of the system
functional unit
description of the system
system boundaries
allocation procedures
impact categories and the impact model
data requirements

data assumptions
limitations

data quality requirements
peer review

the type of reporting
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LCA according to ISO 14040 and 14044
1. Goal and scope of the study

ISO 14040: function, functional unit and reference flow
e System can have a variety of possible functions
e Function depends on goal and scope of the LCA

 Functional unit defines the quantification of specified
functions of the product and is used to create a reference to
which input and output flows are related to

e Necessary in order to compare results of LCA

e Determination of reference flow in each product system to
fulfil the system’s intended function
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LCA according to ISO 14040 and 14044
1. Goal and scope of the study

DIN I1SO 14040 definitions:

- The functional unit is the quantified performance of a product system for
use as a reference unit

- The reference flow is the measure of the outputs from processes in a
given product system required to fulfil the function expressed by the
functional unit

- The LCA is a relative approach, which is built around a functional unit. This
functional unit defines what is to be examined. All subsequent analyzes
are then based on this functional unit, because all inputs and outputs in
the life cycle and, consequently, the impact assessment profile are related
to the functional unit
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LCA according to ISO 14040 and 14044
1. Goal and scope of the study

Function, functional unit and reference flow — EXAMPLE

* Function of drying hands: assessment for paper towels as well
as for an air drying system

—> selected functional unit can be expressed as the number of
dried hand pairs (for both systems identical)

e Reference flow could be the average mass of paper
respectively the average volume of hot air

 For both systems it is possible to create a life cycle inventory
of inputs and outputs on the basis of the reference flows

- In case of paper towels, the LCl would be based on the
consumed paper. In case of air dryer it would be based on the
need of the volume of hot air for drying of hands
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LCA according to ISO 14040 and 14044
1. Goal and scope of the study

Definition of system boundaries

emissions I

“Gate to gate”

v

exploitation

—

resources production use phase disposal

emissions l
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LCA according to ISO 14040 and 14044
2. Life cycle inventory analysis (LCI)

Life cycle inventory analysis (LCl)

- Data collection
- Description of the inventory

Life cycle impact assessment (LCIA)

- Classification (by impact categories)
- Characterization

- Normalization (or weighting)

Interpretaion

- Evaluation and discussion
Reporting

Critical review
- optional
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LCA according to ISO 14040 and 14044
2. Life cycle inventory analysis (LCI)

Definition of life cycle inventory analysis from ISO 14044.

“Phase of life cycle assessment involving the compilation and
guantification of inputs and outputs for a product throughout its
life cycle”
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LCA according to ISO 14040 and 14044
2. Life cycle inventory analysis (LCl)

LCI-modeling of a system within an LCA

Emissions to air >

Energy resources>
n

Emissions to wat

er

1
Material resourc>

Emissions to soil

vV
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LCA according to ISO 14040 and 14044
2. Life cycle inventory analysis (LCl)

Modeling of a system within an LCA — Example
Input: Output:

Polypropylene scrap PP scrap (washed)
500 kg Process: 495 kg
Thermal energy Washing and drying of PP (consumer waste)
712MJ PP scrap S kg
Power Waste water
74.5 KWh Copyright: 4,800 kg
Dept. GaBi,
Process water University of Stuttgart

4,800 kg

QLI estionnaire Yot stheweight of one complete battery housing?

500 kg
enerqy «Which material inputs are used (specification)?
oIk operatingmat Used battery housings made of polypropylene
l *How is the cooling water treated (closed or open loop)?
process No cooling water necessary

waste ..J l I I—-pby- « Compressed air: power demand of the compressor, air pressure?

- produs Don’t know the power demand, air pressure is 7 bar STP
losses emissions
products
+ Generation of thermal energy (which kind of fuel is used)?
1 Natural gas

Vrije

U niversiteit Chair of Building Physics (LBP)
B russel Life Cycle Engineering (GaBi)

University of Stuttgart

>




LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Life cycle inventory analysis (LCl)

—> Data collection
—> Description of the inventory

Life cycle impact assessment (LCIA)

- Classification (by impact categories)
—> Characterization
- Normalization (or weighting)

Interpretaion

- Evaluation and discussion
Reporting

Critical review
- optional

Vrije “ﬂ' University of Stuttgart —w

niversiteit
U ersite Chair of Building Physics (LBP) ) A
B I'USSE[ Life Cycle Engineering (GaBi)




LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Definition of Life cycle impact assessment from 1SO 14044

“Phase of life cycle assessment aimed at understanding and
evaluating the magnitude and significance of the potential
environmental impacts for a product system throughout the life
cycle of the product”
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Research institutions involved in the development of
commonly used impact assessment methods

e CML 2001 Method: Institute of Environmental Sciences,
Leiden University, Netherlands

* ReCiPe LCA methodology: RIVM (National Institute of Public
Health and Environmental Protection), CML, PRé Consultants,
Radboud Universiteit Nijmegen and CE Delft

e Eco-Indicator 99: PRé Consultants
* IPPC: Intergovernmental Panel on Climate Change
Etc.
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

ILCD Recommendations: H H_—‘@ D handbook

Impact Categories (mid_ and end_point) International Reference Life Cycle Data System

e Climate Change:
— Mid-point: GWP IPCC 2007
— End-point: no mature method

e Resource Depletion:
— Mid-point (scarcity): ADP CML
— Mid-point (water): Swiss Ecoscarcity (water)
— End-point: no mature method

e Human Toxicity:

— Mid-point: USEtox

— End-point: DALYs by Huijbregts et al. (2005a)
e Eutrophication:

— Mid-point (terrestrial): Accumulated Exceedance (Seppala 2006) T

— Mid-point (aquatic): EUTREND ReCiPe Recommendations for Life Cycle Impact

— End-point: no mature method Assessment in the European context
° - based on existing environmental impact assessment models and factors
Many different institutions involved in developing -‘nl,,Hc 4&3

methods and characterization factors

¥

http://eplca.jrc.ec.europa.eu/uploads/ILCD-

Recommendation-of-methods-for-LCIA-def.pdf
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Impact categories — Global Warming Potential (GWP)

Effect:

Reference Substance:
Reference Unit:

Source:

¥

Increased warming of the troposphere due to
anthropogenic greenhouse gases e.g. from the burning of
fossil fuels.

Carbon Dioxide (CO2)
kg CO2 Equivalent

IPCC (Intergovernmental Panel on Climatic Change)

Absorption
Reflection
UV - radiation Ny
Infrared
radlatlo
Copyright:
Dept. GaBi,

University of Stuttga
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Impact categories — Acidification Potential (AP)

e Effect: Increase in the pH-value of precipitation due to the wash-
out of acidifying gases e.g. Sulphur dioxide (SO2) and
Nitrogen oxides (NOx).

e Reference Substance: Sulphur dioxide (SO2)

e Reference Unit: kg SO2 Equivalent
e Source: CML, (Heijungs, Centrum voor Milieukunde Leiden), 1992
7
O,
D
2 NO,
0 SO
A
H,SO,

HNO,

i g - N w Copyright:
I T Dept. GaBi,
University of Stuttgart

Wl 8
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Impact categories — Eutrophication Potential (EP)

e Effect: Excessive nutrient input into water and land from
substances such as phosphorus und nitrogen from
agriculture, combustion processes and effluents.

e Reference Substance: Phosphate (PO4-)

e Reference Unit: kg PO4 Equivalent
e Source: CML, (Heijungs, Centrum voor Milieukunde Leiden), 1992
0
Noc MO
Air pollution

Fertilisation

Copyright:
Dept. GaBi,
University of Stuttgart Waste water PO,?
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Impact categories — Photochemical Ozone Creation Potential (POCP)

e Effect: Formation of low level ozone by sunlight instigating
the photochemical reaction of nitrogen oxides with
hydrocarbons and volatile organic compounds (VOC)

e Reference Substance: Ethylene (C2H4)
* Reference Unit: kg C2H4 Equivalent
e Source: Udo de Haes et al., 1999

Hydrocarbons
Nitrogen Oxides \ Dry and warm
\/ = Climate
Ozon

Ty
/ \ Hydrocarbons
- Copyright: a I

= Dept. GaBi,

University of Stuttgart N itrogen Oxides
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Impact categories — Human Toxicity Potential (HTP)

Effect:

Reference Substance:

Reference Unit:

Source:

¥ |

Vrije

Continuous toxicological impact on humans
(arbitrary estimation)
1,4-Di-chloro-benzene (DCB, C6H4CI2)

kg DCB - Equivalent

CML (Centrum voor Milieukunde Leiden); RIVM (National
Institute of Public Health and Environmental Protection)

s e

Halogenorganic
compounds

DCB PCB
PAH
Air Copyright:

Dept. GaBi,
University of Stuttgart

Food i i
Products ll ..
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Global, regional and local impact assessment categories

Global Criteria
e Resource depletion
 Global Warming Potenzial (GWP)
e (Ozone Depletion Potential (ODP)
Regional Criteria
e Acidification Potential (AP)
e Land use
Local Criteria
e Human and Eco Toxicity Potential (HTP / AETP / TETP)
e Eutrophication Potential (EP)
e Photochemical Oxidant Creation Potential (POCP)
Other Criteria
e Disturbances (Noise, odor, demand on land fill sites)

o
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Steps of life cycle impact assessment:

1. Classification: Assignment of LCl results which are exclusive to one
impact category and identification of LCl results which
relate to more than one impact category.

2. Characterization: Conversion of LCl results to common units and the
aggregation of the converted results within the impact
category by the use of characterization factors

3. Normalization

(optional step): Calculation of the magnitude of the category
indicator results relative to reference value(s)
Comparison with the reference quantity.

Vrije
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Classification and characterization

. Life Cycle =
: Inventory value :

g
5
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O
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S
1l
=
o
D
O
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O
—+
P
-
=3
)

24 [kg CO,-equivalent]
50 [kg CO,-equivalent]




LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Classification and characterization

GWP 100 (kg CO, Equiv.)
Resources
..... ] . - ., C02 1
Emissions to a’lg,-—':' CF, 6300 Z GWP; * Emission [kg]
"-"’:,—”’:,v CH4 25 |
C02 - —"”,—"”,—V N20 310 > Z GWP
CF4 ”"—” _,—"‘
CH4 ”_,"” i
N,O ~~ AP (kg SO, Equiv.)
NO, s _co-----""" > ggx 0,7
SO __\.s ---------- > 2 1 % . .
HCI2 T - > HCI 0,88 2 AP; * Emission [kg]
HF -7 * HF 1,6 |
..... \\\ > Z AP
E?;::ﬁantz o wate:\\ EP (kg Phosphate Equiv.)
NH, -__ ~~~~-__ * NO, 0,13
NH, .. " ~=~=e__ ~ > Phosphate 1 2 EP; * Emission [kg]
_____ T U NH, 0,33 |
Tt NH4 0’33 > z EP

The shown characterization factors are not state of the art, current values may differ.
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Classification and characterization
Global warming potential (GWP 100 years)

Emission kg CO2-Aq. Exmission kg CO2-Agv.
Carbon dioxide (CO2) 1 R 22 (chlorodifluoromethane) 1 700
Trichloromethane (chloroform) 5 R 142b (chlorodifluo roethane) 2000
Dichloromethane (methylene chloride) 9 R 125 (pentaf  luoroethane) 3200
Methane (CH4) 25 R 227ea (septifiuoropropane) 3300

R 123 (dichlorotrifluoroethane) 93 R 11 (trichlorfiu ~ ormethane) 4000
Trichloroethane 110 R 143a (trifluoroethane) 4400

R 152a (difluoroethane) 140 R 113 (trichlorofluoroet  hane) 5000
R 225ca (dichloropentafluoropropane) 170 Halone (130 1) 5600
R 143 (trifluoroethane) 290 Tetrafluoromethane 6300
Laughing gas (dinitrogen monoxide) 310 R 236fa (hexaf  luoropropane) 8000
R 124 (chlorotetrafluoroethane) 480 R 12 (dichlorodi  fluoromethane) 8500
R 225c¢h (dichloropentafluoropentane) 530 R 115 (chl  oropentafluoroethane) 9300
R 32 (trifluoroethane) 580 R 114 (dichlorotetrafluor ~ oethane) 9300
R 245ca (pentafluoropropane) 610 R 13 (chlorotrifiuo  romethane) 11700
R 141b (dichloro-1-fluoroethane) 630 R 23 (trfluoro  methane) 12100
R 134a (tetrafluoroethane) 1300 R 116 (hexafluoroeth  ane) 12500
Carbon tetrachloride (tetrachloromethane) 1400 Sulph  ur hexafluoride (SF6) 23900
R 43-10 (decafluoropentane) 1600

The shown characterization factors are not state of the art, current values may differ.
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LCA according to ISO 14040 and 14044
3. Life cycle impact assessment (LCIA)

Normalization (optional step)

GWPexample system X 67 [kg CO,-equivalent]

Normalization factor GWP Germany 1,218x10"? [kg CO,-equivalent]

Normalized GWP: 5,501x10-11 [-]

e By the use of normalization impact potentials are set in
relation to the total impact potential within a reference

system (e.g. Europe).
 The result is dimensionless
 Impact potentials get comparable
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LCA according to ISO 14040 and 14044
Interpretation, Reporting, Critical review

Life Cycle Inventory LCI

—> Data collection
—> Description of the inventory

Life cycle impact assessment (LCIA)

- Classification (by impact categories)
- Characterization

- Normalization (or weighting)

Interpretation

- Evaluation and discussion
Reporting

Critical review
- optional

V”Je “ﬂ' University of Stuttgart
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Interpretation, Report and critical review

4) Interpretation:

On the basis of the inventory results and the impact assessment the analysis
and interpretation of the study is performed. These are the fundamentals
for further discussions or system optimization.

5) Report:

Prerequisites of performing a Life Cycle Assessment are the definition and
the specification of system boundaries as well as the description of the
system investigated. To guarantee the traceability of the results obtained, a
defined way of reporting is necessary.

6) Critical Review:

For internal projects this step is an optional one. If a study compares
competitive products and will be published, a critical review of the study is
compulsory.

V”Je @ University of Stuttgart —
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Use in daily work:

Software systems and databases,
guidelines



Software Systems, Databases Guidelines

European Platform on LCA

 Resource Directory
— 50+ tools
— 30+ databases
— LCA —Service providers

* International Reference Life Cycle Data System (ILCD)
— Web-based data network

— Entry-level and full compliance
— Handbook

European Commission - Joint Research Centre

LCA Tools, Services and Data

V”Je ";&ﬁ University of Stuttgart ¢
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Software Systems, Databases Guidelines

Software systems with great variety in functionality

e Analysis options e Modelling options
— Life Cycle Impact Assessment — Process models
(LCIA) — Product models

— Life Cycle Inventory (LCI) — Parameterisation

— Life Cycle Costing (LCC) -
— Design for Environment (DfE)
— Material Flow Analysis (MFA)

e Connectivity and Collaboration

— Web-Access
B — Cloud — Database
* Automation — Collaboration in distributed teams
— Bill-of-Material / Bill-of-Part —
Import

[ }
— Hot-spot analysis
P Y umberto' LOGEP @™ XL

™ e Product Sustainability

SimaPro§ = =™
¥
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Example: Software and database GaBi

e Expert tool with manifold functionality

e |Industry-based background data

Software Systems, Databases Guidelines

e LCl-datasets for country specific energy provision, materials, products,...

Background

L Cl-datasets

(Faramcier

Py EBEE:z a2 ous 8 @

RIS T TR @

Database

omponents geners] -

Process model

Automatic LCI
and Impact
Computation

———>

i University of Stuttgart

) Li-lon Gl (LFePO4) (Battery module) (LFEPOS Sattery System] - DB-Fian - =)
ISP We——
H~BEX = - |PET G 0T
[.i:i_o'n Cell (LiFePO4) (Battery module) Selecton: Kommentar
(oo e - -
recntm e Mg B
5 —
:uu'freeas;h\.-z‘nuu: N s ik =1
[—
on 2ef)
[
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Software Systems, Databases Guidelines

European Platform on LCA

* International Reference Life Cycle Data System (ILCD)
— Web-based data network

— Entry-level and full compliance
— Handbook

European Commission - Joint Research Centre

LCA Tools, Services and Data

IJ_e ";&ﬁ University of Stuttgart ¢
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Software Systems, Databases Guidelines

ILCD Compliance

e Data-Quality
— Completeness
— Representativeness (Technological, geographical, time-related)
— Precision / Uncertainty
— Methodological appropriateness and consistency

e Method
— I1SO 14040/14044
— Differentiation by goal situations

* Nomenclature

— Correctness and consistency of nomenclature and basic reference data
(flows, processes, elementary flows, units, etc.)

— Correctness and consistency of terminology (technical terms)
e Documentation (extent, form, format)
 Review
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Handling of databases

e Compatibility database, software, LCIA-method
— Format
— Content

e Compatibility of different database systems
— Avoid mixing of different databases
e Remodel in master database
e Appropriately similar dataset from master database
— If unavoidable
e |ILCD Compliance?
e Check and compare dataset documentation

V”Je @ University of Stuttgart —
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Critical view on comparisons
Consistency & Interpretations

Functional-Unit | Material Comparison
Does 1 kg of both materials really y
provide the same function?

System boundaries
Which phases?
Cut-offs?

Allocation
Mass, economic, material properties?

Global Warming Potential [kg CO2-equiv.]

Other

Material A (1 kg) Material B (1 kg)
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Summary

e European Platform on LCA
— Resource directory
— International Reference Life Cycle Data System (ILCD)

e Software-/database-systems with great variety in functionality

— Differences in analysis options, modelling options, degree of
automation, connectivity

— Select what suits you best

* Consistency
— ILCD Guidelines/Compliance

— Critical areas for consistency: Mixing of databases, interpretation of
results
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TOPIC 1: Introduction in LCA

e Applications of LCA
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Applications of LCA

LCA can assist in:
— ldentifying opportunities to improve the environmental performance
of products at various points in their life cycle
— Informing decision-makers in industry, government or non-
government organizations

— Marketing (ecolabels, environmental product declaration, etc.)
ISO 14040:2006

Application of

Comparative LCA Ecodesign Ecolabelling

x”j.e e #85 University of Stuttgart
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Applications of LCA
Comparative LCA

 LCA is a comparative tool of environmental impacts of
products or systems

e Conditions for a comparative assessment
— Meaningful and equivalent functional unit
— Same system boundaries
— Similar data quality

’
J
"
y
__J,,/
ceramic cu lass cu plastic cup plastic cup
P & P (reusable)
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Applications of LCA
Comparative LCA

|dentify critical hotspots to improve and optimise the
environmental performance of a product or system

B

MIING DRYING PRESSING 1SISTATIC PRESSING
- v ek i/
¥ A P‘-"u +
* @ * .ﬁl. .. *‘ t .‘ :
# IMETALLOGRARHIC
PRE-SINTERING FORMING IN GREEN SINTERING INSPECTION
r A
—h Nx-.;q-.—- — | @
=] i L —|
* MACHINING FINAL INSPFECTION PACKING
GRINDING & POLISHING

=

ELECTRICAL DHSCHARGING ""]
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Applications of LCA
Ecodesign

Ecodesign: How can a product be optimised from an environmental
point of view?

Ecodesign
e Design products with minimised environmental impacts
* Include environmental issues into the process of product development

 Knowledge of a reference product and compare with possible
improvement strategies

e — Design for environment (DfE), green product development and
ecological design

Tools
 Developed independently from LCA

* Inclusion of simplified LCA in ecodesign tools, key environmental
performance indicators (KEPI)

e 10 golden rules of ecodesign

¥
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Applications of LCA

Example: lightweighting BMW i3

, V”J.e o University of Stuttgart
Universiteit _ :
Chair of Building Physics (LBP) ‘ ‘
Brussel Life Cycle Engineering (GaBi)



Applications of LCA

Examples of Ecodesign in European projects

Opera4dfev

Ecodesign of operating energy rack for

full electric vehicle
KEPI of the design options

Sanfelix J., Messagie M., Coosemans T., Van Mierlo J. (2012)
Ecodesign of Operating Energy Rack for Full Electric Vehicles

LCA benchmark

Quantifying environmental impact

reduction

Vrije
Universiteit
Brussel

SuperLib

Smart Battery Control System based on a
Charge-equalization Circuit for an
advanced Dual-Cell Battery for Electric

Vehicles

Global warming ]

Acidification

Ecotoxicity for aquatic fresh water

Freshwater eutrophication

Human toxicity cancer effects

Human toxicity non-canc. Effects

lonising radiation

Ozone depletion

Particulate matter/Respiratory inorganics

Photachemical ozone form ation

Resource Depletion, fossil and mineral

Terrestrial eutrophication

SuperLIB battery pack / Scenario 2

10% 200 30%  A0% 50% 60%  70%  &0% 90%  100%

Manufacturing mUse mRecycling

Sanfélix, J., Messagie, M., Omar, N., Van Mierlo, J., Hennige, V. (2014)
Environmental performance of advanced hybrid energy storage systems
for electric vehicle applications. Applied Energy
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Applications of LCA: Ecolabelling

* Diversity of ecolabels

e More than 437 ecolabels in 25 industrial sectors in 197 nations (Ecolabel
Index website)

©

* ¥ o
* *

/P\‘\- _EPD® :E“:
CARBON cu Y=

ESC TRUST Eculahe

www.ecolabel.eu

 Ecolabelling process
e Certification scheme - labeling process

e \Voluntary process ?4

e Communication tools
* Created for the consumers

ecoscore

Sergeant N., Messagie M., Boureima F., Timmermans J., Turcksin L., Macharis C., Van Mierlo J., (2012) Validation of the Well-to-Wheel approach in the
Ecoscore methodology with Life Cycle Assessment for passenger cars, Urban Transport and the Environment in the 21st Century, Issue: XVIII, pp: 27 -
38, eds: J. W. S. Longhurst & C. A. Brebbia, published by: WIT press, published at: Ashurst Southampton SO40 7AA, UK, ISBN-ISSN: 1743-3509

w .
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Applications of LCA: Ecolabelling

e Typel
* Multi-attributes, based on a set of criteria, and verified by a third party
* Typell

e Self-declared environmental claims by manufacturers or retailers without
independent verification

e Type lll (EPD)

e Communicates product life cycle assessment (LCA) results, based on I1SO
14040 series, verified by a third party

Vrije
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Ecolabelling - EPD

Definition

Environmental product declaration (EPD)

Standardised and LCA-based tool to communicate the
environmental performance of a product

Based on product category rules (PCRs)

Provide category specific guidance for estimating and reporting
product life cycle environmental impacts

Mainly used for business-to-business communication

Purchasing
questionnaires

Market
research

Business Consumer

Eco-labels

Vrije i
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Applications of LCA
EPD

LCA based on Verified LCA

PCR Certification B ®

Standardised life cycle phases

Example for an EPD of a building product

impstcatgory | unitlpermwor) | Tol | Az T
kg CO, equiv. 463.59 445.66 14.71 3.23
kg CFC 11 equiv. 5.36E-05 5,10E-05 2,32E-06 2,72E-07
kg SO, equiv. 1,87 1,67 0,06 0,151
kg (PO4)3-equiv. 0,62 0,56 0,015 0,040
kg Ethene equiv. 0,22 0,14 0,002 0,081

Abiotic resource

kg Sb equiv. 4,48 4,34 0,105 0,037

depletion

Standardised impact categories and methods

¥
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TOPIC 1: Introduction in LCA

 Sustainability LCA
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Sustainability LCA: combining three dimensions

Environment
Economy

Society

Vrije
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Sustainability LCA: combining three dimensions

LCSA = e-LCA + s-LCA + LCC

e Different stage of development of the three methodologies
 Analyses can not be performed in parallel but together

e Comprehensive interpretation and conclusions

LCSA is a key assessment tool for more sustainable practices
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Introduction to social-LCA

A social impact (and potential impact) assessment technique

Objective: to assess the social and socio-economic aspects of
products and their potential positive and negative impacts

Life cycle perspective: extraction and processing of raw
materials, ¥ manufacturing, distribution, use, re-use,
maintenance, recycling and final disposal 1
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Other references for s-LCA

e UNEP-SETAC - Life Cycle Initiative

e Guidelines for social life cycle assessment of products (2009)

e Methodological sheets (2010)

e Currently the main reference documents for s-LCA of products

“Guidelines for social life cycle assessment of products”

“Methodological sheets”

STAKEHOLDER SUBCATEGORIES OF IMPACT Inventory indicators
IMPACT CATEGORIES CATEGORIES (Ex. “local community”) (generic/specific analysis)
Human rights Workers Delocalization and Migration :' Cultural Heritage in Urgent Need }
‘Community Engagement i of Safeguarding i
. N T B Pt bt Ml -2 -2 |
Working conditions Consumers ICuIturaI Heritage i‘ """"""" 'E Prevalence of Racial Discrimination !
o ———————————————— B et T LT e J
Health and safety i Local community | E‘ES_EG_(ZC_Qf_l_n_d_'g_‘EEQEER'ghts ______________________________
__________________ . .Local Employment |oemmm-----——- Percentage of workforce hired |
Cultural heritage Society | . oTTmmmTTR locally

Access to Immaterial Resources

Access to Material Resources

Governance Value chain actors

Safe and Healthy Living Conditions
Socio-economic

. Secure Living Conditions
repercussions

Public Commitment to sust. issues

Contribution to Economic develop.

Vrije
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o ————————— -
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Strength of policies on local hiring
preferences

Percentage of spending on locally-
based suppliers
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Main differences with e-LCA

Use of impact subcategories classified by stakeholder and
Impact categories

The increased importance of geographical location
information for inventory and impact assessment in s-LCA

The integration of management practices assessment in s-LCA

The use of qualitative and semi-quantitative indicators and
methods besides quantitative indicators

The inclusion of subjective data, which can be the most
relevant data to use

The inclusion of positive impacts

@ University of Stuttgart —
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Stages of s-LCA

Goal and scope in s-LCA

e Data type to be collected (generic, specific)

Inventory analysis s-LCA
e No standardized inventory indicators for s-LCA

e Social inventory indicators must be specifically defined depending on
the scope of the study

Impact assessment in s-LCA

 Impact categories and subcategories classified by stakeholders

e Scoring inventory indicators after comparing to “performance
reference points” (the exact effect of certain measures is not known)

Interpretation

e Reading results in combination (e-LCA, LCC) rather than summing
them up

Vrije ﬁﬁ University of Stuttgart -~

Universiteit et : y
Chair of Building Physics (LBP) “
Brussel Life Cycle Engineering (GaBi)

¥




Many

Applications of s-LCA

publications

methodological issues

Definition of

categories

about

and

subcategories of impact

Very few case studies

Typical comparison:
developed country

Vrije
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SOCIETAL LIFE CYCLE ASSESSMENT

A comparison of cut roses from Ecuador

and the Netherlands

Juliane Franze - Andreas Cirath

Received: & October 2009 / Accepted: 8 Febmary 2011 /Published cnline:

€ Springer-Verlag 2011

Abstract

Purpose There is & need to assess social impacts of products
along the full life cycle, not only to be able w address the
“social dimension” in sustainability, but also for potentially
improving the s of affected stakeholders. This
peper presents a case study for & social life cyele assessment
(S-LCA) based on the recently published “Guidelines for
Social Life Cycle Assessment of Products™ deveéloped by the
United Nations Environment Programme/Society of Environ-
mental Toxicology and Chemistry (UNEP/SETAC) working
group. General aim is to “try out” the proposed method. The
case study itself compares the impacts of rose production in
Ecuador with the Netherlands, Furthermore, the objective is
to identify differences and similarities in environmental and
social life cyele modelling and both social and environmen-
tal hot spots in each of the life cycles.

Methods The study considers the production of rose
blossoms and the cutting and packaging process in two
fictitious companies in Ecuador and the Netherlands. Both
rose bouquets are delivered w the Ewropean market and
auctioned in Aalsmeer, the Netherlands. The social assess-
ment is based on the UNEP/SETAC guidelines for S-LCA.
Data are mainly obtained from governmental and non-
Zovi al organisations. For the I of the
environmental burden, a screening-type LCA is conducted,
including midpoint impact assessment.

Results and discussion This paper asserts that ose production
in Feuador is associated with many negative social effects, e.g.
child labour, unfair salary, or bad impairment to health. The
rose production in the Netherlands has no ohvious negative
social impacts but rather ecological consequences. Responsi-
ble for this is the high-eneigy consumption of the greenhouses.

Responsible editor: Thomas Swarr

)+ A Ciroth
GreenDeltaTC GmbH,

10437 Belin, Germany

e-muil: Franze@greendeltate com

University of Stuttgart
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1 March 2011

Canclusions Application of the UNEP/SETAC guidelines
in case studies can be encouraged based on results of this
case study. The ! 1 of different stakehold
groups with comesponding, very diverse themes allows a
comprehensive analysis of the actual conditions. However,
finding suitable indicators to measure the status of the
b ies may be challenging. Mor T, the case study
shows that results can be completely different for the
environmental and for the social dimension, so that it often
will be needed to perform both assessments if a complete
picture is required.
Recommendations and perspectives It will be interesting to
apply the UNEP/SETAC approach of S-LCA to other
products; products with a mote complex life cycle will be a
special challenge. As with any new method, getting experi-
ence on data collection and evaluation, building 2 data stock,
mtegrating the method in software, and finding ways for
effective communication of resulis are important steps until
integrating S-LCA in roating, recognized decision support

Keywords Fcuador- E-LCA - Rose production - S-LCA
Social impacts - The Netherlands

1 Introduction

The analysis of ecological impacts of products and processes
mereased in popularity i the last decades due to an arising
awareness both in society and economy caused by global
problems like climate change, extinetion of species or ozone
depletion. However, th ideration of a social di 1in
life cycle assessment (LC A} is still in its infincy, despite social
ills, which are ofien related to globalization, and which are not
necessarily related to environmental impacts. Thus, there is a
need 1o assess social impacts of products along the full life
cycle, not only for being able to address the “social
dimension™ in sustainability, but also for potentially improv-
g the ci for affected stakeholdy




Applications of s-LCA: a case study

Background information:
e Roses: specific conditions: T, water consumption, fragility
e Ecuador: perfect climate conditions
e The Netherlands: fully automated greenhouses

Scope: environmental and social assessment; only production and
harvesting considered (disposal dismissed because of the lack of data)

Functional unit: bouquet with 20 caulis

Inventory analysis (CIA, ILO, Agri-info reports, Eurostat statistics, etc.)

Producing roses in Ecuador Producing roses in The Netherlands

No labour contracts at the company The right to form and join unions
Unequal opportunities for women Policy for equal opportunities

Child labour is common No cases of child labour in the company.
Payment <legal minimum wage Payment amounts > minimum wage

72 h/week-adults 38 h/week
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Applications of s-LCA

: a case study

Im pact assessment:
Ecuador: The Netherlands:
stakeholder
group subcategory status assessment status assessment
workers freedom of association is not existent; labour contracts is existent
are missing
discrimination is existent is not existent
child labour is existent is not existent
fair salary is not existent: wages are far is existent: minimum wage is
below national minimum wage paid
working hours 72-84h/week 38h/week
forced labour is not existent is not existent
health and safety is at risks is at low risk _
social benefits are not provided are provided
supply chain fair competition is existent is existent
actors promoting social responsibility is not existent is existent
local indigenous rights are harmed not applicable
community safe and healthy living conditions are degraded are harmed by pollution
local employment is promoted is not promoted -
society contribution to economic is existent, but unfair allocation: is existent
development contrasting impacts
corruption is existent in company and is in is not existent
addition promoted indirectly by
unfair conditions
technology development is not promoted is promoted
prevention of armed conflicts is not promoted, but the is existent
company is not involved actively
in armed conflicts
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Introduction to Life Cycle Cost

Estimate of all direct and indirect
costs associated with an asset or
acquisition over its entire life cycle

Messagie, M., Lebeau, K., Coosemans, T., Macharis, C., Van Mierlo, J. (2013) Environmental and Financial Evaluation
of Passenger Vehicle Technologies in Belgium SUSTAINABILITY Volume: 5 Issue: 12 Pages: 5020-5033

v i
E”J.e o University of Stuttgart
iversitait Chair of Building Physics (LBP)
Brussel Life Cycle Engineering (GaBi)




Case study: electric vehicles

é )
Methodology
" J
: : Fuel Non-fuel
Financial costs . )
operating costs operating costs

* Purchase price * Fuel or electricity cost * Taxation
* Registration tax * Taxes on fuel * Insurance
* Governmental support * Technical control
* Opportunity cost * Tyres
* Depreciation cost * Maintenance

% @
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Scope and assumptions

Scope

 Flanders, Belgium

 January 2013

 Three vehicle segments: small city, medium, premium

General assumptions

e /years

e 15,000 km/y

e 105,000 km total mileage

e Real discount rate: 1.18% (ECB, 2013)
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Total cost of ownership (€)

Results for small city cars

Petrol & diesel BEVs
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Messagie, M., Lebeau, K., Coosemans, T., Macharis, C., Van Mierlo, J. (2013) Environmental and Financial Evaluation
of Passenger Vehicle Technologies in Belgium SUSTAINABILITY Volume: 5 Issue: 12 Pages: 5020-5033
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Results for medium cars

70.000 - . .
Petrol & diesel Hybrid
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Messagie, M., Lebeau, K., Coosemans, T., Macharis, C., Van Mierlo, J. (2013) Environmental and Financial Evaluation
of Passenger Vehicle Technologies in Belgium SUSTAINABILITY Volume: 5 Issue: 12 Pages: 5020-5033

¥

Vrije University of Stuttgart

: - W
U niversiteit Chair of Building Physics (LBP) A
Brussel Life Cycle Engineering (GaBi)

0,60

0,50

0,40

0,30

0,20

0,10

0,00

Cost per kilometre (€/km)



Environmental impacts — medium cars

Recipe [points]
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Medium car

Opel Ampera, PHEV

Messagie, M., Lebeau, K., Coosemans, T., Macharis, C., Van Mierlo, J. (2013) Environmental and Financial Evaluation
of Passenger Vehicle Technologies in Belgium SUSTAINABILITY Volume: 5 Issue: 12 Pages: 5020-5033
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Eco-efficiency matrix:

Environmental and financial evaluation of vehicles

— City Petrol H City Diesel + City BEV — Medium Petrol B Medium Diesel A Medium HEV
+ Medium BEV ® Medium PHEV — Premium Petrol B Premium Diesel A Premium HEV + Premium BEV
6000
Cows BMW 535 Dogs
5000 1 Audi A6
= BMW 7
M des E250 A
Fluence ercedes Audi A6
If Audi A6 A
Go udi
4000 €= — 1 m H
- - BMW 535
)
= Mercedes E250
° Smﬂt Focus [MFluence A
Q Alto Mercedes E300
[ — C4, Foc CT200h
&3000 C1LA |O 107 T T A A T T T T T T T
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& i B Smart
< wingo
g +
Volt @ @Ampera Tesla $85
2000 a +
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1000 '!i. C-zero, iOn, iMiev i
Renault Zoe
Stars Top gear
0

0,15

0,20 0,25 0,30 0,35 0,40 0,45 0,50 0,55 0,60 0,65 0,70 0,75 0,80
Total cost per km [€]

Messagie, M., Lebeau, K., Coosemans, T., Macharis, C., Van Mierlo, J. (2013) Environmental and Financial Evaluation
of Passenger Vehicle Technologies in Belgium SUSTAINABILITY Volume: 5 Issue: 12 Pages: 5020-5033
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Case conclusions

e General results of TCO model

Small city: BEVs are very cost inefficient
Medium: BEVs with leasing are cost competitive with HEVs
Premium: BEVs are cost competitive (depending on battery capacity)

e Sensitivity analyses

Discount rate: small effect when high initial sales prices
Maintenance costs for BEVs: no/low impact

Annual mileage: BEVs are more sensitive

Ownership duration: BEVs are more sensitive

e Scenarios

Increased fuel prices
Decreased battery prices
Governmental subsidies

¥
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TOPIC 2: Overview current LCA Studies on
electric vehicle concepts

e LCA structure: WTW and LCA:
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LCA structure
Life cycle stages: WTW and full LCA

Complete Life Cycle

|
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|
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Nordel6f, A., Messagie, M., Tillman, A., Sdderman, M., Van Mierlo, J. (2014) Environmental impacts of
hybrid, plug-in hybrid, and battery electric vehicles—what can we learn from life cycle assessment? Int J
Life Cycle Assess DOI 10.1007/s11367-014-0788-0
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LCA structure
Lessons learned from literature

e Well-to-Wheels (WTW)

— Influence of driving modes

— Influence of supplied energy

— Degree of electricification

— Especially used for analysis of climate change effects

e LCA

— Other impact categories;
— Material and component production
— Comparison of vehicle size

Nordel6f, A., Messagie, M., Tillman, A., S6derman, M., Van Mierlo, J. (2014) Environmental impacts of
hybrid, plug-in hybrid, and battery electric vehicles—what can we learn from life cycle assessment? Int J
Life Cycle Assess DOI 10.1007/s11367-014-0788-0

: >/ Vrije

p S University of Stuttgart —
Universiteit

Chair of Building Physics (LBP) “
Brussel Life Cycle Engineering (GaBi)




TOPIC 2: Overview current LCA Studies on
electric vehicle concepts

 How to read studies and how to interpret?
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Transparency and objectivity: to be made explicit
during the reporting

Be aware of

Goal and scope of the study
Comparativeness of alternatives
Functional unit

Methodology, assumptions and data consistency
Data quality of compared systems

ldentical parts of a system can be left out
Scenarios shall be used (e.g. best and worst case)
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Comparisons in LCA

Types
System or process with same FU (e.g. different vehicles)

Variants of a system (e,g. different materials for a car)

Contribution analysis of specific system (e.g. production
phase vs. use phase).

A multi system type with different functions (e.g
environmental impact of a person in countries A, B and C);
producing in country A or in country B
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Goal definition

What is the objective of the study?
What is the intended use of the results?
Who is the target audience?

Who is the commissioner?

Who are the stakeholder and what are their interest and
involvement?

What is the functional unit?

@ University of Stuttgart —
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Scope definition

What are the system boundaries?
What is the temporal and geographical scope of the study?

What are the data quality targets?
Who will review the report
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How to read studies and how to interpret
Lessons learned from literature review

Goal and scope definition
Single values are not robust
Electricity production

Credibility of LCA

Messagie M., Macharis C., Van Mierlo J., Key outcomes from Life Cycle Assessment
of vehicles, a state of the art literature review, World Electric Vehicle Journal
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Single values are not robust

Climate change [g CO2/km]
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Messagie, M., Boureima, F., Coosemans, T., Macharis, C., Van Mierlo, J. (2014) A Range-Based Vehicle Life Cycle Assessment Incorporating
Variability in the Environmental Assessment of Different Vehicle Technologies and Fuels. ENERGIES Volume: 7 Issue:3 Pages: 1467-1482
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Overview:

Current LCA studies on electric
vehicle concepts

(Part 2: Results)



Overview of LCA results — Current studies

 FSEM: Fraunhofer IBP, Dept. Life Cycle Engineering (GaBi),
Stuttgart, Germany

e UMBRelA: Institute for Energy and Environmental Research
(IFEU), Heidelberg, Germany

e THELMA: EMPA, Duebendorf, Switzerland

Focus of these studies:

Assessment of the environmental profile of different electric
vehicle concepts and the future development of electricity

supply

¥ |




Overview of LCA results —
Fraunhofer System Research for Electromobility (FSEM)

Goal of the FSEM is to provide an effective support for realizing a change to
an , All-electric Economy”.

The FSEM (duration: 2009 - 2011) involved more than 30 Fraunhofer
institutes, addressing topics along the whole value chain of E-Mobility, such
as:

 Energy generation and Systemforschung

infrastructures Elektromobilitat
e Interfaces between power grid and Verbundpcget Systemorschung lktzomobitat

electric vehicles Umfassende Betrachtung - Schliissel zum Erfolg
* Energy storage

 New vehicle concepts / infrastructures
e Utilization- and metering concepts

e Environmental assessment

e Duration: 2009 - 2011

http://www.elektromobilitaet.fraunhofer.de/
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Overview of LCA results — FSEM
Framework conditions: Scenario 2010-2020

Future development of the German power grid mix

* Increasing share of renewable energies based on BMU scenarios*

e Dynamic adjustment of the environ. profile of the power grid mix

Battery System

e Battery lifetime from 8 years (2010) to 12 years (2020)

* Energy density of cells: From 135 Wh/kg (2010) to 200 Wh/kg (2020) (optimistic)
Other

* Vehicle: Lifetime 12 years; mileage 14,300 km p.a. (171,600 km in total)

e Energy consumption (EVs): Calculation model based on the ADAC EcoTest Cycle
(incl. auxiliary users)

e Combustion vehicles based on the scenarios of HBEFA 3.1
* Fixed electric driving range (Battery improvements result in smaller layouts)

Used LCA software and database:

GaBi software with data from project partners, literature research (e.g. vehicle platform
data for both electric and conventional vehicles from environmental commendations
and certificates of automotive OEMs) and GaBi background data

Impact assessment method: CML 2001 Method *Power mix according to the lead scenarios of BMU Leitstudie 2009
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Overview of LCA results — FSEM
Framework conditions: Regarded vehicles

2010 vehicle specifications BEV* BEV* PHEV* Hybrid
(mini class) (compact class) (compact class)

Hon (UNI1/3Co1/3Mn1/302)

Feeltankll 10
Residual vehicle/
vehicle structure [kg] 736 111> 111
1,037 1,670 1,505
Energy consumption**
[kW:}lOO km] p 18.7 22.9 20.4
“Exemplary vehicle configurations, “*Calculated based on ADAC EcoTest

w Vrije : University of Stuttgart
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Overview of LCA results — FSEM
Framework conditions: Regarded vehicles

2010 vehicle specifications Gasoline Gasoline Diesel Diesel

(mini class) (compact class) (mini class) (compact class)

Unladen weight vehicle [kg]* 850 1307 870 1369

Fuel consumption [I/100 km]** 5.9 7.1 3.8 5.1

* Average unladen vehicle weights of real mini class and compact class vehicles
** based on consumption values from HBEFA 3.1 (Euro 5 pollutant emissions are also from
HBEFA 3.1)
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Overview of LCA results — FSEM
Results: Global Warming Potential (2010-2020)
German Power mix
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Overview of LCA results — FSEM
Results: Global Warming Potential (2010-2020)
Wind power
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Overview of LCA results — FSEM
Results: Acidification Potential (2010-2020)
German Power mix

Scenario 2020

200 200
Scenario 2010
160 160
> — >
3120 3120
w - _ w
o~ ] | [ ~
o — o)
i 80 = Vi 80
g 0 H g
40 H B - 40 -
SIEEERERI] |
— — — ) [} —_ —_—
= =22/ g 2|%° |79
£ 22| 2 22 %
= | = | = =| 5| ©
ST || E R|E|lE
£ S| 8| E g— a o
S| e E| > 5§ ~
L 3| 8|Y e >
m ~ = > W]
o | O
m T
(a1
Acidification Potential (AP)

Vrije
Universiteit
Brussel

¥

BEV (mini), PGM(DE)

o | W w ¢ | g
Sl2|s5|5 |8
=2 2| 8| 2|0
&2 2| E
’g’g:é G E
o o S g% Ej
S 5|5 ¢
ol oYL
>
o | D @
m T
n.

Acidification Potential (AP)

University of Stuttgart

Chair of Building Physics (LBP)
Life Cycle Engineering (GaBi)

CV (compact), diesel

%

O Fuel (prod. and Combustion)
0O Power

O Add. Battery (Maintenance)
m Conventional Car

® Motor (ICE)

O Generator

B Fuel Tank

@ Battery System

B Motor (PMSM)

OInverters and Electronics

m Car Platform

| Different power-train
concepts are not
directly comparable !

Z Fraunhofer

IBP



Overview of LCA results — UMBRela

The goal of UMBReLa concerning LCA is very similar to FSEM.

The project was conducted by Institute for Energy and Environmental
Research (IFEU) in 2011. Addressed topics were:

e LCA of electric vehicle concepts

 Detailed scenarios of future developments
of the electricity supply and possible

electricity supply concepts '{_*

e Optimization potentials of the _ U M BR i A
enV|r0nmenta| prOflle from “ Umweltbilanzen Elektromaobilitat
lightweight technologies '

e Optimization potentials of the
environmental profile by future http://www.emobil-umwelt.de
changes of energy mix for
vehicle production
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Overview of LCA results — UMBRela

Future scenarios

e Three scenarios for 2030: conservative, moderate, innovative with differences in
vehicle structure and energy density and lifetime of the battery

Battery System
e Battery lifetime of 8 years

* Energy density of cells: From 100 Wh/kg (2010) to 200 Wh/kg (2030) (innovative
scenario)

Other

* Vehicle: Lifetime 12 years, mileage depends on vehicle concept (e.g. city, standard,
delivery vehicle): 120,000 km - 200,000 km

e Energy consumption (EVs): LCA model eLCAr (Electric Car LCA), quality checked
with real electric mobility fleet tests

e Combustion vehicles based on TREMOD and HBEFA 3.1

Used LCA software and database:
UMBERTO software with data from LCA model eLCAr (Electric Car LCA) and Ecoinvent
2.2 background data

Impact assessment method: Climate change according to IPCC 2007 method, the
methods for other impact categories are not mentioned

¥
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Overview of LCA results — UMBRela
Considered vehicle concepts and use profiles

Battery (kWh)* | Life cycle mileage
(km)
18

City vehicle small 120.000
Standard vehicle small/middle/big 18/24/28 150.000
Delivery vehicle big 28 200.000
Standard RE vehicle 12 150.000
middle

Intensive RE vehicle 14 200.000

IFEU 2011

* 2010 are 1.5 batteries over the life cycle of the vehicle assumed

Vrije
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Overview of LCA results — UMBRela
Scenario assumptions

German Electricity , In each case slight
. _ energy density _ _
Conservative mix 2030 for improvement in
, 100 Wh/kg
manufacturing the

Additional ) vehicle
o energy density

Moderate Aluminium parameters and
. . 150 Wh/kg*
lightweight therefore of the
Additional energy density energy
Downsizing 200 Wh/kg* consumption

IFEU 2011

* Additionally enhanced battery lifetime: one battery over the full life of the vehicle
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Overview of LCA results — UMBRela
Global warming potential for different use profiles (2010)
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Overview of LCA results — UMBRela
Global warming potential of middle class vehicles with
different powertrains (Scenarios 2030)
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Overview of LCA results — THELMA

* |In the project THELMA two LCA studies concerning electric
mobility were conducted by the Swiss Federal Laboratories for
Materials Science and Technology (EMPA) and Paul Scherrer
Institute (PSI) in 2010.

 The tutorial focuses on the LCA study of EMPA

LA

http://www.thelma-emobility.net




Overview of LCA results — THELMA
EMPA study

The goals of the EMPA study were:

Compare driving in hypothetical near future BEVs with driving
in modern (or near future) fossil or biofuel fuelled cars

Representative cars for Golf class

Provide background information to discuss the potential of
electric mobility to improve environmental aspects of mobility

Comparative LCA to be presented in public, including critical
review
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Overview of LCA results — THELMA
EMPA study

Future scenarios

e Six electricity grid scenarios: mix CH, mix UCTE, nuclear power CH, combined gas
power UCTE, coal UCTE, Photovoltaics CH

Battery System

* Energy density: 114 Wh/kg

e Batteries are replaced in every second electric vehicle

Other

e Vehicle: Lifetime 12.7 years, mileage 150,000 km

e Energy consumption (EVs): NEDC + real world addition (NEFZ +15%)

e Combustion vehicles based on NEDC + real world addition (NEFZ +13%)

Used LCA software and database:
LCA data of vehicle platform Golf IV, electric drivetrain from BRUSA Elektronik AG,
battery data from existing KOKAM battery, Ecoinvent v2.01 background data

Impact assessment method: Three different categories of Ecoindicator 99 H including
Climate change according to IPCC 2007 method
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Overview of LCA results — THELMA
EMPA study
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Overview of LCA results
Environmental commendations / certificates of OEMs

Automobile manufacturers use the method of LCA as an
instrument for quality assurance and the compliance with
environmental targets

Volkswagen und Mercedes-Benz regularly publish results in
the form of environmental commendations (VW) or
environmental certificates (Mercedes)

Volkswagen and Mercedes-Benz both use GaBi software and
background data from GaBi databases

Environmental commendations / -certificates of electric
vehicles are already available and show comparisons with the
conventional vehicle models
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Overview of LCA results
Environmental commendations / certificates of OEMs

Think Blue. ¢4

Das Avte.
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Environmental Commendation -

Background Report C’ smart
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smart fortwo electric drive.

http://en.volkswagen.com/en/company/responsib

http://www.daimler.com/dccom/0-5-1312394-1-
ility/environmental_commendations.html
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Overview of LCA results
Conclusions

Battery systems of electric vehicles strongly contribute to the
environmental impacts of the production phase

BEVs show a comparable magnitude of greenhouse gas emissions
like current gasoline vehicles when the German electricity grid mix
is used for charging

By the use of additional renewable energies, e.g. wind power, the
environmental impacts of electric vehicles can be reduced
significantly and electric vehicles can contribute to a improvement
of the environmental profile of individual transport

High mileages during the use phase of electric vehicles are
necessary because of significant higher impacts during production
phase
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Overview of LCA results
Relevant Indicators

e Power generation mix (share of renew. energies)
e Battery system: Technology, dimensioning and lifetime

* Production of required High-Tech materials
(cobalt, graphite, rare earths, etc.)

e Vehicle and user specific driving profiles
e Total mileage

» Power train concepts are not directly
comparable, as utilization profiles of
vehicles might change
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Key Issues:
LCA of electric vehicles
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Key issues: LCA of electric vehicles
Overview

Production
e Key issues Power train concepts
* LCA of Key Components > using the example of EVREST project
e LCA of Battery Systems
Use phase
* Relevant parameters and requirements
* Use patterns _

e Electricity grid mix: general requirements (Additional: Discussion of smart
grid?)

End of life

 Approaches: avoidance, cut off, ...

e |[ssue battery recycling: Overview on current research (LiBRi, LithoRec,
Argonne, SUBAT)

Range based vehicle LCA: the need for uncertainty propagation
when assessing the environmental performance of vehicles

¥

= using the example of EVREST project
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EVREST project information

e EREV drivetrain architecture is based on a BEV topology with
an additional energy source, the RE, which can supply
electricity to the vehicle onboard network

Fuel ||
Tank ceoe

ICE

e
AT AT AT AN,
AT AT AT AT,

EREV architecture, source: R. Derollepot (IFSTTAR-LTE) et al.: Optimizing components size of an Extended Range Electric Vehicle
according to the use specifications
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EVREST project information
SUREST

www.evrest-project.org

EVREST — Electric Vehicle with Range Extender as a Sustainable
Technology (project duration: 2012-2015)

Main idea: How extended range electric vehicles (EREVs)
could match the different usage patterns and what would be
the acceptance and impacts of such a solution?

Analyses of users' profiles and expectations based on
databases from different European countries

Optimized design from a technical, economic and
environmental perspective

Comparison of EREVs with BEVs and conventional vehicles
with internal combustion engines (gasoline and diesel) on the
basis of Life Cycle Assessment (LCA)

@ University of Stuttgart —

(=
Universiteit HEE r AN
Chair of Building Physics (LBP) A
Brussel Life Cycle Engi ineering (GaBi)




Analyzed vehicles in EVREST

e Small vehicles (User profile: European cluster 2, yearly mileage 4877 km)

Motor power [kW]
Battery capacity [kWh]
RE power [kW]

Total weight [kg]

Vehicle lifetime [a]

47

Small EREV

47

9

19
1258
12

e Compact vehicles (User profile: European cluster 3, yearly mileage 12001 km)

Motor power [kW]
Battery capacity [kWh]
RE power [kW]

Total weight [kg]
Vehicle lifetime [a]

¥
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EVREST: LCA according to ISO 14040 and 14044

——

Goal and scope of the study
- Using the example of EVREST

Life cycle inventory analysis (LCI) — Focus of the tutorial
- LCA modelling using the example of EVREST

Life cycle impact assessment (LCIA) _|
Life cycle interpretation

Reporting

Critical review (optional)

@ University of Stuttgart —
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EVREST: Goal and scope

Functional unit:

The function of the assessed product system is the transport of humans. The
chosen functional unit is therefore determined as the transportation of
humans over a distance of 58,524 km for small vehicles and 144,012 km for
compact vehicles over 12 years vehicle operation. 12 years is also the
assumed lifetime of the vehicles.

System boundary:

The vehicle life cycle stages production and use phase are taken into
consideration. The production of the vehicles includes also the upstream
processes for the provision of the used materials and energy. The use phase is
mainly dominated by the fuel or electricity consumption (including fuel and
energy supply). The end of life is not evaluated.

Further items of goal and scope (e.g. LCIA methodology and types
of impacts, data requirements etc.) have also to be defined

¥

V”Je ._@ University of Stuttgart —w

Universiteit ey _ 4
Chair of Building Physics (LBP) “
Brussel Life Cycle Engineering (GaBi)




EVREST: Life cycle inventory analysis (LCl)

LCI-modeling of electric vehicles within an LCA

Energy resources

Material resources

System boundary of EVREST

System boundary

Vrije
Universiteit
Brussel
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Emissions to air

Emissions to water

Emissions to soil

vV VvV

Copyright:
| Dept. Gasi,
University of Stuttgart
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EVREST: Life cycle inventory analysis (LCl)

Data basis general:
e LCl data for material production and energy supply are based on the GaBi
databases (e.g. electricity grid mixes, lithium supply etc.)

 The technical specifications of vehicle concepts (e.g. vehicle mass, power etc.)
and use phase data is based on EVREST framework conditions

Vrije EEE University of Stuttgart  ~y

Universiteit et : y
Chair of Building Physics (LBP) “
Brussel Life Cycle Engineering (GaBi)

¥



Production

V”Je University of Stuttgart —

niversiteit iy
U €S Chair of Building Physics (LBP) “
Brussel Life Cycle Engineering (GaBi)




EVREST: Life cycle inventory analysis (LCl)
Production

Data basis and requirements for the production LCA model:

 Reference location of the vehicle production is Germany

 Environmental profiles of the conventional vehicles and the vehicle platforms are
based on the material mix of comparable vehicles classes from environmental
commendations / certificates from Daimler AG and Volkswagen AG
(Environmental Certificate A-Class; Environmental Certificate B-Class;
Environmental commendation Golf)
=>» scaled according to the vehicle and platform mass

e Electric motor is based on the material mix of a permanent magnet synchronous
motor (PMSM) (Swiss Federal Office of Energy SFOE)
=>» scaled by the weight-to-power ratio

 The configuration and technical specifications of the battery system are based on
internal data of the EVREST project
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Universiteit et _ .
Chair of Building Physics (LBP) b
Brussel Life Cycle Engineering (GaBi)

¥




EVREST: Life cycle inventory analysis (LCl)
Production

Data basis and requirements for the production LCA model:

Currently only few information on the LCA of the production of EV batteries and
related materials available

=>» Assumptions have been made based on from previous studies, available
literature and material safety data sheets (MSDS) of Li-lon battery cells

(e.g. Argonne National Laboratory, Center for Transportation Research;
International Battery - Lithium Nickel Cobalt Manganese Oxide — Material Safety
Data Sheet; KOKAM Material Safety Data Sheet — Superior Lithium Polymer
Battery; Dewulf J, et al., Recycling rechargeable lithium ion batteries: Critical
analysis of natural resource savings; Ishihara, K. et. al; Environmental burdens of
Large Lithium-lon Batteries Developed in a Japanese National Project, Central
Research Institute of Electric Power Industry, Japan)

The power electronic components (e.g. inverters) are based on existing models of
comparable components in the GaBi database
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EVREST: Life cycle inventory analysis (LCl)
LCA model “life cycle”

]] Objekt Bearbeiten Ansicht Hilfe
DE2BEX = - |[(PPEHT Qe Q3@
Life Cycle EREV compact EU Cluster 3~ p  Compact EREV  Scectentieodermvet.) -

Es werden Ge Namen e Bassprozesse sngeress Total weight: 1751 kg

m

Plug-l.n Hybrid - Use Phase (PHEV, split) p¥® _ B
generic (Compact) End OF Life (PHEV) pe’

7SE003 kg 1,%5]&3 kg

0,5 pcs.
Battery Maintenance pe

System boundary
Production Use phase of EVREST

4 [ My b

| System: Gedndert. Letzte Anderung: Systern, 26.08.2014 14:12:26 GUID: {3e1363c0-af69-43c4-a536-320e07 Iefbac)
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EVREST: Life cycle inventory analysis (LCl)
LCA model “vehicle production”

EVREST data sheet (by IFSTTAR-LTE):

Medium Class EREV Battery (kWh) 19

ICE based RE
Yearly Electricity Consumption (kWh)

Yearly Gasoline Consumption (L)

Yearly CO2 Emission (kg)
Yearly CO Emission (kg)
Yearly HC Emission (kg)

Yearly NOx Emission (kg)
RE's Emission Standard

Vehicle Lifetime Considered
Battery Cycling Lifetime > Vehicle
Lifetime ?

Comments

Production data

RE (kW) 20 Total Weight (kg) 1751
Prop. Mot./Eng.
Weight (kg) 93
2436.4 Battery Weight (kg) 186
RE's Gas. Engine
68 Weight (kg) 108
RE's Generator Weight 34
116.2 (kg)
18.6
5.1 Propulsion Engine /
0.5 Motor maximum 87
EUROS3 power (kW)
12
YES

EREV sized to offer an All Electric Range of 90km, a Full Power Range of 300km and a

maximum speed of 110km/h while in degraded mode.

Vrije
Universiteit
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EVREST: Life cycle inventory analysis (LCl)
LCA model “vehicle production”

Plug-In Hybrid generic (Compact) p | seecton: lug Tntybrid =[]

GaBi Progessplan Mass Tkg]

100 Passéngér G P Elgrbrid, CPtl)ui Irh S:‘-rial pX Plug-In Hybrid, Plug-In Hybrid Electric £
Plattform ompa LECE serial . Vehilce (Compact)
1,26E003 kg 1,75E003 kg
400 INVERTERS AND -
ELECTRONICS Tlnveﬁen big———
g
300 E-Mator pe
G Motor (PMSM) ———
g

200 Battery System pe® Battery System .
(scalable) IFSE) kg

500 Generator p¥ .
¥
34 kg generator

600 ICE Motor (75KW) @
108 kg

Motor (ICE 75KW)————

700 Fuel Tank @ Polyethylene high
Wdensiw part —>

(HDPE/PE-HD)
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EVREST: Life cycle inventory analysis (LCl)
LCA model “battery system production”

Cathode =4
Elektrolyte
Separator Battery management Energy management
system (BMS) system (EMS)
_ Cell . Module System
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EVREST: Life cycle inventory analysis (LCl)

LCA model “battery system production”
Li-Ton Qﬂagterf System (scalable)

Battery Modue (LNCM) p® Battery modue Battay System— pXeft Product [Dummy] <e-ep> &
(LNCM) (L-lon) <e-ep>

168 kg 186 k
Battery Modus p? Battery module N :
(LFePO4) 0'kg (LFepO4)
Battery Moduie (LNCA) p® Battery module y

0 kg {LINCA)
Battery Module pe Battery module .
(LMn204) 0 kg (LiMN204)
Battery Modde 9. {B&ﬁf?gﬁ‘; .

n s

(LiMn204 /LINCA Blend) 0 kg Bend)

Coolng System (Battery 9 Cooing System Battery System Housn
g System (Battery ey Sysoim] Iy Sy g pd*

System) kai (MIXER) <&-ep>
L
Housng (Battery System) ®1  poysing (Battery 3 _Housig (Battery _,
kge) 185 kgt
Others, Mechanical Parts # e
— Ltpe part 4
(Battery System) g T
v Vrij:e o University of Stuttgart -~
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EVREST: Life cycle inventory analysis (LCl)
LCA model “battery module production”

Batterv Module (LINCM)  p Skt ttery o (8 ¢

a5 Frommpan) Vam ;07|
B2 it D0mt i Eieaonin BAgaoecs

Li-fon Cell {LINICoMnO) p®

(Int Batery) Product [Dummy] <e-ep> &

1 :
L1-1ON Cell(FSEM) Bty Modle <ep> X4F Battery modle

kg 15 kg
Battery Managment Unit Battery Management b
(Battery Module) K Unit (BMU)

4
Housing (Battery Module) - Housing (Battery y
Heat Exchanger (Baltery 9 Heat Exchanger
Mode) : (Battery Module) +

!
Other Mechanical Parts @ Connectors )
(Battery Module) kg (Sificon oil)
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EVREST: Life cycle inventory analysis (LCl)
LCA model “battery cell production”

Li-Ion Cell (LiNiCoMnQ) (Int Battery) p
BB PeciaasafafreSiriim
Ei wmtse o M dir SeRANFONESE PGEIEET
Cathode Materials pe |___Li-lon Cell
(Li-Ion Battery) (Int Battery) kg[(:athnde Materials)
Anode Materlals (Li-lon @ Li-fon Cell (Anode
Cell) (Int Battery) kg Materials) )
Electrolyte (Li-fon Cell) @ Li<lon Cell )
{Int Battery) kg (Electrolyte)
Housing and Terminigls @ Li-lon Cell
(Coffee Bag) (Li-lon Cell % Eg;?smq; Coffip ey
Seperator (Li-Ion Zell) @ .
Separator (Li-Ton
kg Cell .
DE: Electricity grid mix PEE® | ” i I
i
W Vrije
V Universiteit
Brussel

Li-Ion Cell pXd*
(LINICOMAO) (Int Battery)
<e-gp>

Iu-mm Call ——b
g

University of Stuttgart —w
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EVREST: Life cycle inventory analysis (LCl)
LCA model “cathode materials production”
| Cathode Materials (Li-Ion Battery) (It Battery) p Sikciox Cotel WA 18

¢ i |
B it 0 N i BT BAEDRL

Cathode Materials ~ XdF [

DE: Acetylenlack N i y (Li-lon Cell) (Int Battery)
kg <e-gp>

Product [Dummy] <e-ep> &

E'E'.pﬂ!'hﬂ.liﬂ'mdﬂlﬁl:lﬂﬁ-ﬂ ¢ Polyvinylidenfluori 3
(Emulsionspolymerisation) kg d (PVDF)
(PVDF) (2005) PE
LINi/3Mn1/3Co1/302 p®
LiNi1/3Mn1/3Co1/302

kg

ALUMINUM FOIL . Aluminum-Foll
I
kg (0,02 - 0,2 mm)
Vrije ;
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EVREST: Life cycle inventory analysis (LCl)
LCA model — process example

l Name |DE - | Electricity grid mix | | = | agg - LTI Ergebriis : ﬂ!’.
| Parameter ]

@ 1ca | f§ vr |5 cc3,7160R | % LowWE || Dokumentation |
Volistandigkeit | Al relevant flows recorded | Excerpt of GaBi process “Electricity mix Germany”
Inputs (-]
" Fluss Grijsze Menge Einheit e Standar Herkunft Kommentar -

&2 Hard coal {in MJ) [Hard coal {resource]] & Energy {net calor 1,97 M3 0%  Literature

2* Heavy spar (Ba504) [Non renewable resources] 2 Masz 4,02E-009 ko 0%  Literature

£ Imenite (Htanium ore) [Non renewable resources] & Mass 7,88E-008 g 0%  Measured | |

£ Inert rock [Mon renewable resources] 2B Mass 3,28 kg 0 % {Literature) L 5

= Iridium [MNon renewable elements] 2 Mass 2,6E-013 kg 0%  {Keine Angabe)

& Iron [Non renewable elements] 2B Mass -0,000502 kg i % Literature

= Kaolin ore [Mon renewable resources] & Mass 6,43E-008 kg (i Measured

& Land Occupation [Oocupation] A Areatime 0,0095 ma*yr 0%  Literature

& Land Transformation [Transformation] AR Area 4 03E-005 =gm 0%  Literature

2* Lead [Mon renewable elements] 2 Masz 2,29E-0068 ko 0% {Caloulated)

<= Lignite {in MJ) [Lignite {resource}] &R Energy (net calor 2,4 M3 0% Literature -
™ b
Outputs (=]
" Fluss Grosse ¢ Menge Einheit We Standar Herkunft -

(& Flectriaity [Electric power] : & Energy (netca 3,6 M] X 0% Literature

& Sodium (+I} [Inorganic emissions to industrial soil] 2 Mass a,06E-002 kg 0 % Literature |:|

£ Polychlorinated dibenzo-p-diexins {2,3,7,8 - TCOD) [Halogenated organic emissions to arr] B Mass 3,34E-014 ko 0%  Literature

<% Adsorbable organic halogen compounds (AC0X) [Analytical measures to fresh water] & Mass 41007 kg 0%  Literature

£ R 11 (frichloroflucromethane) [Halogenated organic emissions to air] 2 Mass 9, 136015 kg 0%  Literature

£ Sodium {+1) [Inorganic emissions to sea water] 2 Mass 5,96E-007 ko 0%  Literature

&¥ R 124 {chiorotetraflucroethane) [Halogenated organic emissions to air] 2 Mass 3,95E-01G6 kg 0%  Estimated

¥ Vrij:e o University of Stuttgart —w
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Use stage
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase”

General requirements for the use phase LCA model

Integration of specific user profiles respectively the energetic
simulation of test driving cycles (e.g. NEDC, ARTEMIS etc.)

Differentiation of the combustion engine concepts when assessing
hybrids (gasoline, diesel, exhaust emission standard)

Adaptation of conditions of use (vehicle lifetime, mileage,
distribution of the mileage: e.g. 60% full electric mode, 40% range
extended mode)

Consideration of the maintenance of the drivetrain components
(e.g. because of battery lifetime)

Consideration of the energy supply:
e Fuel supply (gasoline, diesel, hydrogen)
* |Implementation of electricity grid mix scenarios (e.g. country-specific)

¥
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase”

EVREST framework conditions for the use phase LCA model
(project partner: IFSTTAR-LTE)

e “Artemis Mix” driving cycle is used for the determination of
energy and fuel consumption and emissions,
“Artemis Mix” is based on:
e 6x “Artemis Urban” driving cycles
e 2 x “Artemis Extra-Urban ” driving cycles
e 1 x “Artemis Motorway ” driving cycle

e Background data for “Artemis Mix”
e ARTEMIS European driving cycles (urban, extra-urban and motorway

types)
e ARTEMIS cycles are then combined to meet an European road share
(assessed using the HBEFA 3.1 database)

¥
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase”

EVREST framework conditions for the use phase LCA model

e Conditions of use, see , Functional unit”:
e Total mileage for small vehicles: 58,524 km
e Total mileage for compact vehicles: 144,012 km
e Lifetime of the vehicles: 12 years
e Share of propulsion modes is assessed by project partner IFSTTAR-LTE

e Maintenance of the battery system after 8 years operation
=>» Two battery systems have to be used during the lifetime

e Vehicles are assessed for European fuel supply and Austrian,
French and German electricity grid mix

8 University of Stuttgart  ~

e
Universiteit HEE &
Chair of Building Physics (LBP) A
Brussel Life Cycle Engi ineering (GaBi)




EVREST: Life cycle inventory analysis (LCl)
LCA model “life cycle”

Objekt Bearbeiten Ansicht Hilfe

By

Life Cvcle EREV compact EU Cluster 3 P  Compact EREV  Sstomtiecemvely |
GaBi P‘.'\_cmﬁsplen:ﬂe‘nergrmgrogsen .
i i i Total Welght: 1751 kg L

Plug-In Hybrid pX*®

generic (Compact) End Of Life (PHEV) ~ p'®’

1,F5E003 kg E003 kg
0,5 pes.
Battery Maintenance pe.
System boundary
Production Use phase of EVREST
i — b
],rstern: Gedndert, Letzte Anderung: Systern, 26.08.2014 14:12:26 GUID: {3e1363c0-af69-43c4-a536-320e07 Iefbac)
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase”

EVREST data sheet (by IFSTTAR-LTE):

Medium Class EREV Battery (kWh) 19 RE (kW) 20 Total Weight (kg) 1751
Prop. Mot./Eng.
ICE based RE Use phase data pWeight (kg) 93
Yearly Electricity Consumption (kWh) 2436.4 Battery Weight (kg) 186
RE's Gas. Engine 108
Yearly Gasoline Consumption (L) 68 Weight (kg)
RE's Generator Weight 34
Yearly CO2 Emission (kg) 116.2 (kg)
Yearly CO Emission (kg) 18.6
Yearly HC Emission (kg) 5.1 Propulsion Engine /
Yearly NOx Emission (kg) 0.5 Motor maximum 87
RE's Emission Standard EURO3 power (kW)
Vehicle Lifetime Considered 12
Battery Cycling Lifetime > Vehicle
Lifetime ?  YES

EREV sized to offer an All Electric Range of 90km, a Full Power Range of 300km and a
maximum speed of 110km/h while in degraded mode.

¥

Comments
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase”

Use Phase (PHEV, split) p Selection: Use Phas

GzBi Prozessplan:Referanagrissan

Use Phase PHEV p){;:éq;}

Energy consumption pe Electricity (AV
Bt AN } power split

(AV) Il,05E005 M) Test cycle)

\

Yearly Electricity Consumption (kWh): 2436.4 kWh

Total mileage: 144,012 km

EREV RE mode (fuel ~ p®. Vehicle kilometers )
consumption and 1,44E008 m (Hybrid-Mode)
combustion)
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EVREST: Life cycle inventory analysis (LCl)
LCA model “use phase, electricity mix”

EnerC]V Consu m ption (AV) p Selection: Energy cansumptio [] ¥

GzBi Prozessplan: Referenzgrdzsen

T Energy, unspedific )(:’:55
Electricity grid mix pe* e | iy e e

(country-spedific) <e-ep> 1,05E005 MJ

DE: Electricity grid mix PE [ \

FR: Electricity grid mix PE ¥ Consumption (kWh): 2436.4 kWh

0 MJ t‘:‘ %
AT: Electricity grid mix PE[F* .
r— | 0 Y 3USTT G —
1,05E005 M]
EU-27; Elecricty gridmix®® .
b G electricity eu27 :
DE: Electricity from wind 2
power (EN15804B6)PE . FHedrdtyfrom _ »
oMl wind power ;
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Analysis of production
and use stage




EVREST: Life cycle inventory analysis (LCl)
Quantification of inputs and outputs

"9 Gebi Diagrammitife Cye EREV compact £ Cluser 3 nputa/Outputs e = ]

= B K| = vlmwmvl vlsﬁl_l‘?* oyl XER Q@
GaBi Diagramm:Life Cycle EREV compact EU Cluster 3 - Inputs/Outputs

B Carbon monoxide

250~
1 Sum of

200)—
. 200 all CO emissions Sum of
E 150~  during production all

CO emissions

0
& 100- during the
= 50- use phase

)

| | |
300 Battery Maintenace

200 Plug-In Hybrid EV(Compact) 400 Use Phase (PHEV, spilt)

h 4 i ;:.‘.’-‘.‘-'.:.
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EVREST: Life cycle impact assessment (LCIA)

Classification and characterization

. LifeCycle i * i GWP Factor :
: Inventory value :

1l
=
o
D
O
—+
©
O
—+
P
-
=3
)

24 [kg CO,-equivalent]
50 [kg CO,-equivalent]




EVREST: Life cycle impact assessment (LCIA)

e Life cycle impact assessment is done automatically by the LCA
software GaBi (the classification and characterization factors
for all resources and emissions are stored in the LCA software
system)

 Used impact assessment method at Dept. GaBi is CML 2001
Method

e Assessed impact categories in EVREST:
e Global Warming Potential (GWP)
e Acidification Potential (AP)
e Eutrophication Potential (EP)
 Photochemical Ozone Creation Potential (POCP)
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EVREST: Life cycle impact assessment (LCIA)

GWP Compact class vehicles, various grid mixes

40.000 Use (fuel consumption)
= 35 000 m Use (electricity consumption)
m Maintenance (battery system)
30.000

® Production vehicle chassis

m Production car (conventional)
25 000 - m Production combustion engine

® Production generator
20.000 ~ Production power electronics
15.000 - ® Production electric motor

m Production battery system
10.000 I I I

Global Warming Potential (GWP) [kg CO2-e

5.000 - I I 12 years operation,
12001 km/year
0 - , , Electricity grid mixes:
EREV EREV EREV Gasoline Diesel Germany 2010
compact compact compact compact compact France 2010

(DE) (FR) (AT) (Euro 5) (Euro 5) Austria 2010
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Hourly electricity production — carbon footprint

Plant production

Concrete Steel

Fuel supply chain

e

Conversion

o " .r

| T
Fuel extraction Fuel supply

Messagie, M., Mertens, J., Oliveira, L., Rangaraju, S., Sanfelix, J., Coosemans, T., Van Mierlo, J., Macharis, C. (2014) The
hourly life cycle carbon footprint of electricity generation in Belgium, bringing a temporal resolution in life cycle
assessment. Applied Energy Volume: 134C pp. 469-476 DOI: 10.1016/j.apenergy.2014.08.071
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Challenges and solutions

Average values

Outdated data

\ 4

Hourly electricity mix
All power plants in Belgium
Measured data

Life cycle approach
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journal homepage: wew.elsevier.com/locaiefapanargy
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Applied Energy

The hourly life cycle carbon footprint of electricity generation
in Belgium, bringing a temporal resolution in life cycle assessment

W) s

Maarten Messagie **, Jan Mertens”, Luis Oliveira®, Surendraprabu Rangaraju®, [avier Sanfelix®,
Thierry Coosemans®, Joeri Van Mierlo®, Cathy Macharis®
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in the booming reseanch on the emvironmental footprint of, for example, sactnical vehides heat pomps
and other ( smart jelscniciy consumng 3pplances, there &3 dear nead o know she hoorly (0, mntent
of one kW h of elecmicity. Smee the OOy foorprint of elecmiciy can wary every hour; the foogint of for
example an elecrnic vehicle i s influenaed by the sme when the wehide & chaged With the 2wl abilmyof
the hoarly OO0 condent of one kW h, a deasion support ool is provided to fully explon the advantages of
a future smant gud. In shis paper, the CWE { Clobal Warming Polential) par £W h for each hoor of the sear
5 caloul ed for Bedpiom msing a Life COycle Assessment (1CA) approach. This enahiles evaluating the influ-
ence of the darmiahy demand anthe greenhnse gas emissions. Because of the LCA appmach, the €0y
equivalent omEnt does not only raflec scmanes relaed to the prodoction of the electo gy wathin a
prwer plant bag indudes carbon emissions relaied to the bulding of the indastrucure and the foed
snpply chain The conadered fesdotads ane nudear combusnibie, ofl, coal, nararal @s, biowasts, blasr
furmace gas and wood Funthermore, renewable slecnioty poduchion tectmologies like photovoltaic
oz, hydro insailations and wind mrbines are ooverad by The msearch The production of the wand
turhines and solar panss 15 mone crbon inensive (epressed per generated W h of elecmicny) than
the peduction of other comvenSonal power plunts, dus fo the lower dectnigty cutput. The overall
average CWE per iKW h is 0184 kgCilheqftW h Throughout the 2011 his value ranges from 3 manmaum
of 8102 kg COzeg/kW h o2 mamam of 0362 kg O0:2qfW h depending on the timing.
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Power price

Why?
Changing demand and merrit order

:_‘ Assumed range of power demand
I
|
|
: Marginal plant
I
Market price incl. CC5 !
|
Impact of emissions trading on :
power price |
_ | COx costs of fossil fuel-fired
Market price excl. CO, ! power plants
1
1 Hard

- Hard Lignite coal
Lignite  ¢oal old old
Nuclear new new

Must run3) Variable costs of power plants (excl. CO,)

Power installed
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kg CO2eq.

Hourly carbon footprint of electricity production
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kg CO, /kWh

Hourly carbon footprint of electricity production
in Belgium
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Day and night charging

Day charging: 9am-5pm

Night charging: 11pm-7am

- e =
“\..l
- -

,"'

““

L 4

-
“““

Sun

Sat

Fri

Thu

Wed

Tue

Mon

L

ring (GaBi)

Chair of Building Physics (LBP)

Life Cycle Enginee

# University of Stuttgart

.......

Week 13/06/2011 - 19/06/2011

Vrije
Universiteit

Brussel

¥

M. Messagie - VUB



Average GWP [kg CO,/kWh]
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Hourly electricity production

100% -
90%
80% M municipal waste
70% 1 BFG
m Canadian wood

o0% W Solar
50% M wind
40% - W water
30% B nuclear
20% M natural gas
10% B fuel

0% M coal

Electricity Ox
generation

Messagie, M., Mertens, J., Oliveira, L., Rangaraju, S., Sanfelix, J., Coosemans, T., Van Mierlo, J., Macharis, C. (2014) The
hourly life cycle carbon footprint of electricity generation in Belgium, bringing a temporal resolution in life cycle
assessment. Applied Energy Volume: 134C pp. 469-476 DOI: 10 1016/j.apenergy.2014.08.071

W Vrije
M. Messagie- M

U 3 University of Stuttgart
I"IIVE ret Chair of Building Physics (LBP) A
Brussel Life Cycle Engineering (GaBi)




End of Life
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End-of-Life Approaches

Sample Case: What actually happens

Product 1
—>

Production from
Primary Material

Use 1l

Product 1/
Precursor 2

Three basic approaches:
e Cut-off approach (aka recycled content)

e Avoided burden approach (aka end-of-life approach)

e “burden sharing”
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Production from | Product 2
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Product 2 /
Precursor 3

- ———>

o

-

Copyright:
Dept. GaBi,
University of Stuttgart



Sample Case: What , Cut-off” calculates

+

Production from
Primary Material

End-of-Life Approaches

Product 1
—>

Use 1

Cut-off
I
I
I
=
I
I
I
Product 1 |
d ' o

Precursor 2

Production from
Secondary
Material

e Burden free secondary material

Cut-off
I
I
I
+ I
I
I
I
Product 2 Product 2 |
—> Use 2 — — = |
I
Copyright: |
Dept. GaBi, |
I

e Source material focused (= recycled content)
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End-of-Life Approaches

Sample Case: What ,,avoided burden” calculates

+

7777777777777777777 4
Product 1/
Production from Product 1 Precursor 2 Production from Production from
Primary Material Usel Second_ary Primary Material
Material
Copyright:
Dept. GaBi,
University of Stuttgart
,,,,,,,,,,,,,,,,,, ;
| Avoided Burden \
\ \
I \ \
—— I | |
\ |
\
Y. S J
Product 2/
Production from Product 2 Precursor 3 R oo Production from
Primary Material Use 1 Sla::tr;c:;rly Primary Material

e Assumption: all process inputs come primary sources
e End-of-life focused
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End-of-Life Approaches

Sample Case: What ,,burden sharing” calculates

+

Product 1
—>

Production from
Primary Material

Use 1

+

Precursor 2

e Burdened sec. material flows

g

Product 1
>t
I
' Copyright:
Dept. GaBi,
University of Stuttgart
Production from | Product 2 Product 2
Secondary —p Use 2 >
Material

e Product 1 and 2 share the credits for avoided primary production
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End-of-Life Approaches

Conclusion

 None of the approaches is right or wrong in general
e Approaches can lead to different results for one particular case
e Reasonable selection depends on the goals of the analysis

e Particular implications of selection of a particular approach are
complex and case-specific
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Battery Recycling

No information on large-scale recycling

First results available from several studies

Libri (Li-lon; UMICORE recycling process for active material recovery)
Lithorec (Li-lon; recycling process for active material recovery)

Gaines (Li-lon; UMICORE, Toxco, Eco-Bat recycling process for active
material recovery)

DeWulf (Li-lon; UMICORE recycling process for active material recovery)
SUBAT (various traction batteries, recycling potential of active materials )

—> First results can be used for estimations
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Range-based vehicle-LCA
Uncertainty propagation in LCA

Why:
one single value # robust

Inclusion of more data ranges:

UNCERTAINTY

- increases uncertainty

- decreases ignorance

Messagie, M., Boureima, F., Coosemans, T., Macharis, C., Van Mierlo, J. (2014) A Range-Based Vehicle Life Cycle Assessment Incorporating
Variability in the Environmental Assessment of Different Vehicle Technologies and Fuels. ENERGIES Volume: 7 Issue:3 Pages: 1467-1482
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Uncertainty propagation in LCA

1. Sources of uncertainty and variability
2. Quantitative methods for uncertainty
3. An example of uncertainty propagation in vehicle LCA
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Sources of uncertainty

e Parameter uncertainty:

insufficient knowledge of the true value of a parameter;
(empirical inaccuracy, lack of data, market variability, ...)

e Modeling uncertainty:

uncertainty in life cycle impact assessment due to normalization,
weighting and methodology;

* Scenario uncertainty:

Choice based uncertainty: choice of functional unit, goal and scope
definition, allocation procedures, future trends.
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Sources of uncertainty

Market variability (over 200.000 different vehicles)
Differences between real life and NEDC
Unrepresentative and inaccurate data
Uncertainty in impact assessment
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I Vehicle I

Quantitative methods for uncertainty

————ﬁ
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Uncertainty in vehicle LCA: an example

 Parameter uncertainty and variability
— Market variability
— Real life variability
— Database unrepresentativity

e Modelling uncertainty

— Impact methodology
— Weighting factors (Multi-Criteria Analysis, MCA)

e Choice based uncertainty

— Influence of electricity production
— Influence of segmentation
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Uncertainty in vehicle LCA:
Impact category
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Uncertainty in vehicle LCA
200 000 km (14 years) passenger car
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Single score Recipe HA, Europe

Uncertainty in vehicle LCA:
Influence of the electricity mix:
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Wrap up of tutorial
and
main conclusions




Conclusions

e Electric mobility

— Climate change
— Urban air quality
— Fossil fuel depletion

 Trade-offs

— Human toxicity (mining)
— Mineral resource depletion (mining)
— Radioactive waste (electricity production)

 Make your future

LCA => highlights opportunities
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Conclusions:
Relevant Indicators

e Power generation mix (share of renew. energies)
e Battery system: Technology, dimensioning and lifetime

* Production of required High-Tech materials
(cobalt, graphite, rare earths, etc.)

e Vehicle and user specific driving profiles
e Total mileage

» Power train concepts are not directly
comparable, as utilization profiles of
vehicles might change
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