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Outline

* |ntroduction to LCA

* Previous E-machine LCA work
* PhD project




CHALMERS

Introduction to

Life Cycle Assessment
(LCA)
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Why LCA?
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Economic 29,90 kr/kg 28,90 kr/kg

Nutritional 520 kcall/kg 880 kcal/kg

Environmental ? ?
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LCA framework
Goal and scope — '
definition «“
Invento — |
analysi;y Interpretation
Impact —_—
assessment |
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Goal and scope definition
* The goal

* Why - reason, intended application
* Who - intended audience
» What - product/system
» Purpose - specified question
* The scope
* Functional unit
* Impacts and how to describe them
« System boundaries and initial flow chart
« Data quality requirements

? il ’ o ‘-‘.I\ e
Goal and scope
definition

Inventory
analysis

it

Impact

assessment |

Interpretation
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Scope - Life cycle model

Raw material
acquisition

—> Process

|

—t> Transportation

:

Cradle-to-gate 1T Production

_______________ i___________

———1

—t

Waste
management

1
1
1

’ 1 . \. !l‘l\ e
Goal and scope
definition

Inventory
analysis

it

Impact
assessment

Interpretation

Functional unit, eg: kg-apple, kcal-

banana

Impacts, eg: resource use, human

health

System boundaries and initial flow chart
Data quality requirements
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Inventory Analysis (LCI)  [“wc”

1

Raw material o
Resources— e —Emissions and waste Inventory _
ach|S|t|on analysis Interpretation
' T T
Resources—» Process —Emissions and waste Impact ~

assessment

|

Resources— Transportation —Emissions and waste

! « Construction of flow model
Resources— Production —Emissions and waste * boxes and arrows
v » Data collection
Resources— Use —Emissions and waste « raw materials (incl. energy)
l  Emissions and waste
Waste

Resources—» —>Emissions and waste

management
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- Goal and scope
Inventory Analysis (LCI)
! t
Resources LEmissions and waste ‘ Inventory |: .
analysis Interpretation
v i
Resources- PEmissions and waste Impact
assessment
Resources- PEmissions and waste
Inventory results « Calculation
Resources- PEmissions and waste « product flows (systems
equations)
ResourcesH PEmissions and waste * elementary flows, scaled to
the functional unit, eg:
kg water/kg-apple,
Resources- PEmissions and waste g CH4/kcal-banana...
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(LCIA)

Life cycle impact assessment

Mandatory slemeants
( Selection of impact categories, category indicators and characterization models
[ Assignment of LCI results (classification)

|

Calculation of categaory indicator results (characterizafion)

(
N 1

\\h R L — _./)

Category indicator results, LCIA results (LCIA profile)

Il

Optional elements

Calculation of the magnitude of category indicator results
relative to reference Information {normalization)

Grouping
Waighting

Goal and scope
definition

vt

Inventory

analysis P Interpretation

1

Impact
assessment

« Key impact categories:

Global warming
Water use

Toxicity for chemicals
Energy use for fuels
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Ready-made LCIA methods

Mid-point ‘ Damage » End-point » Weighting

cML__j
Trac
EDIP Critical
ReCiPe ), volumes
IMPACT World+ / Ecoscarcity

IMPACT 2002+

LIME
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Economic

Nutritional

Environmental®*

29,90 kr/kg 28,90 kr/kg

520 kcal/kg 880 kcal/kg

0.185 kg CO2-eq/kg 0.294 kg CO2-eqg/kg
0.356 g CO2-eqg/kcal 0.334 g CO2-eqg/kcal
(Sweden) (Sweden)
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Uses of LCA

» Decision making « Communication
* Product/process development * eco-labelling
* Purchase & supply chain » environmental product
management declarations
« Environmental policy making « footprints
« Learning * reporting
« Identification of improvement * green product portfolios

possibilities
* Formulation of rules-of-thumb
* Risk management
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Previous E-machine LCA
Work
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Goal

PMSM PMaSynRM
Rotor Configuration m
| PMSM Nd (Dy) FeB | Benchmarking

PMSM SmCo
PMaSynRM Sr-ferrite
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Scope of previous work

EM design
SmCo PMSM

i

—

Sr-Ferrite

aSVnRI(/I

Benchmarking:
Nd(Dy)FeB PMSM

Material use [kg]

Efficiency map

Torque [Nm]

Rotational Speed [rpm]

Drive cycle electricity
consumption [kWh]
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Results

_ “Operation dominates when the ™ . . -
Climate change electricity mix has a high fossil share_/ NON-carcinogenic toxicity

12

10

Magnets are not key contributors
in the results

g €O, eq./km

SmC - e PM- Nd(Dy)FeB Sr-ferrite PM- -2 Sm Sr-ferfite PM- Nd(Dy)FeB SmCo Sr-ferrite PM-
PMSI PMSM PMSM assisted PMSM PMSI assisted PMSM PMSM assisted
Swede UsA USA SynRM USA Sweden Swede SyriRM USA USA SynRM USA
Swelden
B Use phase duction [ Magnet production

e ——

= Magnet production
Steel and aluminum

production

Anders Nordeléf, Chalmers, 2020-10-12
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Conclusions

* Impacts on climate change and human toxicity most important

« PMaSynRM causes lowest CO2 emissions — interesting for further
investigations

« Mining and production of copper is a major contributor of toxic
emissions

« Magnets contribute to the burden, but mostly indirect

« Recommended motor design targets
 high energy efficiency
* slender housings
« compact end-windings
+ segmented laminates

Anders Nordel6f, Chalmers, 2020-10-12
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PhD Project
(Follow-up LCA work)
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Rotor Configuration m

PMSM Nd (Dy) FeB Benchmarking
IM -
SynRM -
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Scope

EM design (REE free)

i Benchmarking:

Nd(Dy)FeB PMSM

Material use [kg]

Efficiency map

Torque [Nm]

2000 4000 6000 8000 10000 12000
Rotational Speed [rpm]

¥

Drive cycle electricity
consumption [kWh]

B |

Nkl

00 200 400 600 800 1000 1200 1400 1600 1800
Time [s]

Speed [km/h]
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E-motor LCA

Raw material
acquisition

|

Process

!
Transportation »
|

Motor factory

Waste
management

Emissions:
- air

- water

- ground
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IM efficiency map calculation
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! Step 3
Optimal control Determine

_ energy losses
Require:

* Algorithm development
* Electrical parameter identification
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S yste m B O u n d a ry Ecoinvent representation for input apd outpr flows
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IM Motor Factory - Al-rotor

| |
Resolver Cable Nylon
1 th

Raw material
acquisition
* Slot insulation
Pro::ess l
Transportation .,r"’”i"A
L 4 l ° . .
[ Motor foctory | - — High pressure die casting (HPDC)
Ufe l _ « Similar process as for Al-housing
manspoment I ) « Re-use LCA model
= « Melting process:
Sl L
« Conventional: natural gas

« Potential update: electricity
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Al HPDC Energy to melt aluminum

m Current LCA model m Alt. reference

30 27.9
(@)
=<
< 20

10.8
10
. 3.3 1.9
0 —
Natural gas Electricity

Just melting Al. from 20°C to 660°C require = 1 MJ/kg
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Thank you
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ReCiPe impact categories

S Damage Endpoint area
Midpoint impact category pathways i tion

Particulate matter

Trop. ozone formation (hum)

LCI

result lonizing radiation

Stratos. ozone depletion

Raw mat.

Human toxicity (cancer)

Land use
Cc0o2

Human toxicity (non-cancer)

VoS

Global warming

Increase in
respiratory
disease

Increase in
various types of
cancer

Damage to
human
health

Increase in other
diseases/causes

Land use/transformation

P Increase in
malnutrition

S02 Water use

NOx Freshwater ecotoxicity Damage to

CEC freshwater

cd Freshwater eutrophication species

PAH Trop. ozone (eco) Damage to

DDT terrestrial
Terrestrial ecotoxicity species
Terrestrial acidification Damage to

marine species

Marine ecotoxicity

Mineral resources

Increased
extraction costs

Damage to
ecosystems

Fossil resources

Oil/gas/coal
energy cost

Damage to
resource
availability

Goal and scope
definition

vt

Inventory
analysis

A

p t

Impact
assessment

A

Interpretation
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A

ReCiPe impact categories
-

- Inventory - .
Particulate matter ) . g Interpretation
° ( ; A . analysis
Trop. ozone formation (hum) } L I eq u atl O n -

lonizing radiation ) ‘ ?

Stratos. ozone depletion Impact
Human toxicity (cancer) assessment

Human toxicity (non-cancer)

Global warming | ISJ — Zl Ql X CFL’]

Water use )

A

LCI
result

Raw mat.
Land use
Cc0o2

VoS

P

S02

NOx

CFC

Cd
PAH
DDT

Freshwater ecotoxicity

Freshwater eutrophication

Trop. ozone (eco) }

Terrestrial ecotoxicity

e IS;:  impact score for impact category j
Land useftransformation Q;: quantity of elementary flow i (emission or resource use,

Marine ecotoxicity |

inventory results)

Mineral resources }

CF; ;. characterisation factor for elementary flow i to impact category j

Fossil resources }
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IMPACT World+

Damage level indicators

Climate change, @
Midpoint level indicators human health

]/,[ Climate change, @
Climate change short term ecosystem quality

Damage on Damage on
AoP AoC

r—
Climate change long term ],,.—-—b{ Marine acidification @
i e f n
Emission Ozone layer depletion ]r—[ Ozone layer depletion —
ok Freshwater acidification Ereshwater acidification
CFC10 Z T & ; TR
5 th[;hatede Ereshwater eutrophication Freshwater eutrophication :u";ahn
it R
it |.ox| Marine eutrophication Marine eutrophication EAlt c
Chromium
o Freshwater ecotoxicity Freshwater ecotoxicity (1 z.
Particl Human toxicity cancer I ancer et g S
‘arucles
Uranium 238 Human toxicity non cancer Human toxicity non cancef ) * a
Cooling water ~_Particulate matter formation Particulate matter formation £ "
Photochemical oxidant Photochemical oxidant COS.VS e _
formation formation quality Goal and scope o
S~ — i 3 . ags
Extraction b | lonizing radiations )‘—{ Ionl::‘l:‘ga;a:l:tl:;ns' definition <
Iron ore —i{ Mineral resource use _\l [ Ignizing mdiatic;ns,
) - cosystem quality ‘ 1
Crude oil —»’1 Fossil energy use \[ Thermally polluted water
Groundwater i Water availabili esources & |nventory .
P Water scarcity human health ecosystem analysis Interpretation
Water availability, services -
terrestrial ecosystem
& hundreds Water availabili i ?
more... freshwater ecosystem
Land transformation, Land transformation, |m pact
biodiversity biodiversity assessment
Land occupation. Land occupation,
biodiversit biodiversit




CHALMERS \ P\

Reference E-machine — PS

 Emotor __ lCar |

Max power 100 kW
Max torque 239 Nm
Max rot. Speed 12 000 rpm

Max dc-voltage 430V
Max rms ph. Current 260 A

Max rms current density 20 A/mm?2

Stator outer diameter 200 mm
127 mm
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