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Motivation
Challenges related to the use of motorized vehicles
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Motivation
none, less or different environmental impact?
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Elektroautos
Sauber? Kommtdrauf an...
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n LCA and its application to electromobility

n Significance of the battery system

n Relevance of recycling
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LCA and its application to electromobility

n Significance of the battery system

E Relevance of recycling
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Life Cycle Assessment (LCA)

The four steps

1. Goal and scope definition

Production

2. Inventory analysis

e Technical inputs and outputs
of all processes

e Emissions (to air, water, and soil)

e Resource use (land, water,
fossiles, metals)
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3. Life-cycle impact assessment

e Climate change
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ozone creation
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LCA
application in the automotive industry

Think Blue.

Dos Aute

- LIFE CYCLE ASSESSMENT RESULTS
- RENAULT LCA METHODOLOGY

The up!
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i Environmental Environmental
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Life Cycle Assessment

Audi looks one step ahead

Audi '_@H
Vorsprung durch Technik %

[figures courtesy of Volkswagen, Renault, Daimler, Audi]
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EV compared to ICEs
LCA results and influencing factors

.

O Base vehicle
1 Other Powertrain

—— I drive a clean car. ——
B Use Phase, non-fuel-related

W End of life
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EV compared to ICEs
LCA results and influencing factors

Scenario description

ICE. Gasoline EV Li-FePO4 Impact . Climate change Dail.y Commuter | Seasonaluse: Even
vehicle: battery: Category: use:
Regional electricity mix Regional electricity mix and ambient

temperature

(L)EV advantageous

ICEV advantageous ‘

ICEV= Internal combustion engine vehicle
LEV= (Lightweight) Electric vehicle

e [Egede 2016]
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EV compared to ICEs
Problem shifting
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global warming (GWP), terrestrial acidification (TAP ),
particulate matter formation (PMFP), photochemical oxidation
formation (POFP), human toxicity (HTP;,), freshwater eco-toxicity
(FETP;,), terrestrial eco-toxicity (TETP;,), freshwater
eutrophication (FEP), mineral resource depletion (MDP)
fossil resource depletion (FDP)

[Hawkins et al. 2013, Cerdas et al. 2018]
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EV compared to ICEs
The significance of the battery system
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Significance of the Battery System
Cradle to Gate GWP of EVs

0 2 4 6 8 10
0 10 20 30 40 50 60 70

12

g CO,-eq./km

80

m Battery Engine Other powertrain m Base vehicle

VOLKSWAGEN

Vehicle manufacturing
74 g CO»/km

Battery production Q
33 g COz/km

III'I Battery cells
27g COz/km

1Ly, [Hawkins et al. 2013, Volkswage AG]
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n LCA and its application to electromobility

2 Significance of the battery system

E Relevance of recycling
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Significance of the Battery System
Estimation of mass and energy content of a battery system

Disassembly experiments
(Projects LithoRec | and I1)

L
ano

Syt -sid
@ ystem casing cover - side Lcaﬂmde '
@ System casing cover - bottom Lcell /_,‘:;»" T )
Cable tie cell i
,—"/. | dcell Dy
® Cable guiding o 5

@ Cables :\\ -«E,.._..“ ‘\\‘i. i

@ Modules fastener

® Cover of modules

@ Gas Venting

@ Connectors between modules

(™) cell holder
i CelLMassEncigy mocel
8 @ (Project Benchbatt)
oL g, h h [Cerdas et al. 2018, LithoRec Project, Cerdas et al. 2018]
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Significance of the Battery System
Estimation of mass and energy content of a battery system

100% — e 0 PN 0909090 R---------m-o---- > Electronics
90% . .
N B B s . Steel, aluminum, plastic,
80% copper
0, .
AN D D 2 R »  Multilayer (Ny, PP, Al)
60% s NN -
so e .. 0 ... T > Copper
40% o Tt .
’ [ ] ~~__ > Graphite
o (N
20% . el T LiPF6
10% TSl \‘\A .
0% —— _\\\\ ‘~\\\ Polyolefin (PP, PE, ...)
Ellingsen etal. 2014 Diekmannetal. 2017  Cerdasetal. 2018 >~ _ \‘\A Nickel, Manganese,
(NMC) (NMC) (NMC) ‘\\ Cobalt
M Al - Cathode collector Cathode h A Aluminum
Separator M Electrolyte
Anode H CU - Anode collector
W Cell Packaging W Housing, cooling system and BMS
B BMS and cables
»"'«‘E?"f hnisch [Ellingsen et al. 2013, Diekmann et al. 2017, Cerdas et al. 2018]
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Significance of the Battery System
Material and energy consumption of manufacturing

Variation of the reported energy required for the manufacturing
of battery cells

Y T

Ellingsen et al. 2014 162,7 Top-down
Notter et al. 2010 0,861 Bottom-up
Zackrisson et al. 2010 125,3 Top-down
Majeau-Bettez et al. 2011 131,4 Top-down

Dunn et al. 2012 2,97 Top-down

Yuan et al. 2012 461,98 Bottom-Up
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Significance of the Battery System
Battery LabFactory Braunschweig (BLB)
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Significance of the Battery System
Material and energy consumption of manufacturing

Electricity

Room

Dry Mixing

[ process-relevant energy consumption

Time [h]
Dispersing
C th d 20000 :
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AN .
\\ 515000 I light, computers etc.
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SN 2 10000
N 1 3
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S 0
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Significance of the Battery System
Material and energy consumption of manufacturing

Cu — current ~ 35% to 55%

~ 45% to 60%

collector

Electricity

Electrolyte

1 | Zell
.@ Zellherstellung ;
LCathode v
1- Mfschung 2- Beschichten und Trocknen 3- Kalam¥ - iden 5-Zellassemblierung 6- Trockenraum  7- Formierung und Alterung
Strom . Produkte Verluste Los\pgsmittel . Elektrolyte . Pouch Folie Al . Cu
NMP (Solvent)
T 7 .
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Significance of the Battery System
Cradle to Gate LCA results and contributions

Cell Manufacturing Energy

(~40% of the impact)

Copper
(very little)

Cathode

B Current collector (Al)
B Current collector (Cu)

Anode
W Separator M Electrolyte
H Pouch Foil m Cell Manufacturing

B Structure and Housing M Electric and Electronic components

LIB (NMC - Gr.)

100%
90%
80%

Cathode Material
(~ 35% of the impact)

v

10%
0% —
O %= o % %Y o o v oo 4=
SOEI—UEEU—IQEU—LLgs
SEEfEE35S535905¢
= L T w OD' < L
5 w S -

~ 4,6 tons CO,-eq

Copper

Cobalt
Nickel
Manganese!

[Cerdas et al. 2018]
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n LCA and its application to electromobility

n Significance of the battery system

3 Relevance of recycling
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Recycling
Process chain and energy portfolio in LithoRec

1. Air
Classification

Discharge Siebung

* Kupfer
« Al
¢ Kunststof

¢ Elektrizitat ¢ Al, Fe, BMU * Volatile + Kupfer * Schwarze + Separator
¢ Kunststoff Bestandteile < Al Masse
* Kunststoff

i 1- Hydrometallurgische Verfahren (LithoRec 1)
5000 - Sieving : Yy g ( ) |
(1) (1) : . ]
i Laugun Fallung und i
T gung "1 Aufbereitung |77
4000 1 Drying « Lithium-
hydroxid
JUUL * Lithium-
—~ i carbonat
= 000 Crushin * Kobalt
o @ ¢ * Nickel
= " 1l \V; * Mangan
£ 2000 - (1) (1V)
1. Air
@ Classification
1000 A
2. Air
@CIassification
50 100 150 200 250 300
Time (min per battery system)
[LithoRec, Cerdas et al. 2018]
Technische : ; - ——
Universitat Felipe Cerdas| Life Cycle Environmental Impacts of EVs and the Significance of the Battery System Institut fiir Werkzeugmaschinen W
und Fertigungstechnik r

Braunschweig February 20t 2018 | Slide 23




Recycling
Material and energy flows in LithoRec

Discharge Disassembly Crushing  Drying  Air-Classification Sieving
4 L) ! )

Modules (227 kg)

58,3 kWh - Recycling energy

83 kg - Black mass

Battery System (346 kg) \
\ 29,88 kg - Volatile components

\\‘ 39,6 kg - Plastics
NN

124 kg - Aluminum
41,4 kg - Copper

32 kg - Steel
oL, [LithoRec, Cerdas et al. 2018]
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Recycling
Environmental Impact of Recycling

GWP CED EP AP POCP ADP
kg COpeql M1 [kgPOseql [kg SO-cql “‘gei‘;‘e“‘*' [kg Sb-e]

Max. recycling
impact
Dismantling

Mechanical treatment

Hydrometallurgical
treatment

Dismantling

Mechanical treatment

Hydrometallurgical

treatment
Max. avoided
impact
recycling impact 2209,00 36569,00 0,70 9,28 0,62 0,04
avoided impact 4934,00 83260,00 5,60 76,65 3,00 0,30
i, [LithoRec, Cerdas et al. 2018]
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1. Goal and scope definition

/2

Production

Disposal

2. Inventory analysis

 Technical inputs and outputs
of all processes

 Emissions (to air, water, and soil)

« Resource use (land, water,
fossiles. melals)

. . Eutrophmaho/ oG
& ® Water stress resources
* Resource depletion

o Razd Raﬂ T Roa a Rail | w»a n il

3. Life-cycle impact assessment

« Climate change
 Ozone depletion Human
 Photochemical

ozone creation
© Human toxicit
o pman toxeity Bodversty/

cotoxicity

com e Acoents
Human
heaith

Rosd ot
t:esystem mco.

4. Interpretation

NMC-Euro

LFP-Euro

NMC-NG

NMC-COAL

DIESEL

GASOLINE

GWP | TAP | FEP | PMFP | POFP | HTP | FETP | TETP | MDP | FOP
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Ellingsen et al. 2014
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Diekmann et al. 2017
(NMC)

Cerdas etal. 2018
(NMC)

Cu— current
collector

~ 35% to 55%

~45% to 60%

NMP (Solvent)

LIB (NMC - Gr.)

Battery System (348 kg)

Discharge Disasssmbly

Modues (227 kg)

Crushing  Drying  AirClassification  Sieving

3 kW - Recycing energy

83 kg - Black mass

—

2088 k3 sompar
33,6 kg - Plastics
124 g - Aluminum
41,4 kg - Copper
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