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) BEVSIM
INTRODUCTION & FEATURES

Battery Electric Vehicle Sustainability Impact Assessment Model (BEVSIM) Compare Design Alternatives

) Web-based tool based on TNO’s DIAMONDS platform with R Shiny programming
suite and built-in database on lifecycle impacts.

Designed For NON-LCA Experts
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) Best-in-class LCA models for materials production, processing, Use Phase, EoL fate
and EoL recycling processes.

) BEV versus ICE comparison possible for segment C and D passenger cars.

) Customisable = Model a full car, a sub-system, or a part for LCA, LCC, Circularity
Analysi
nalysis Faster LCA Results
) Possibility to include customer, user specific datasets
) Download Word report and extended Excel results

) Version control possible and easy to update LCI datasets




) BEVSIM
CAPABILTIES

Single Tool

11:20 Ximena
Franco & Tom
Ligthart

'A’

Circularity
Assessment

Measure Impacts

Design Alternatives
e
e
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BEVSIM

LIFE CYCLE PHASES

Raw Materials

Processing and
Part
Production

Avoided
Production

* Plastic granules, plastic pellets, mineral fillers, glass fibre, carbon fibre, cold rolled steel sheets, rods,

aluminium sheets, Al rods, metals in finished form before part production, acids, materials for batteries.

* For Plastics = Injection moulding, blow moulding, compounding, painting, , PU foam production,
For Metals - Casting, stamping, cutting, polishing, carburizing, machining, painting

For Batteries = battery production

Tires - tire production from SBR rubber, steel and thread

“Gate to Gate” boundary of automotive manufacturing plant e.g. Ford, VW assembly line.
* Assembly of parts, components of complex parts, assembly of sub-systems.

* Use phase of the car / car part, consumables, maintenance emissions.

* EoL Scenario for EoL treatment: Incineration, Landfill, Recycling (mechanical, pyrolysis, solvolysis)
* Dismantling, Shredding, EoL treatment

* Avoided production of energy, materials and products (going to spare parts)
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Plot
© Normal
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BEVSIM v3.33

Select "User Design"

® Large

Select 'User Design' for a car,

sub-system or a part to analyze.

) SIMULATION WORKFLOW
STEP 1: SELECT “USER DESIGN”

TNO:

Search: |

b (2] Name Project Owner Type Country EoL Scenario Num Records Created Select
1 demo examplel jackssrrr Internal Combustion 0 Future Scenario 94 2021-11-18 00:49:02 ®
2 milad_ice test milad Internal Combustion 0 Current Scenario 123 2021-11-09 05:48:33 O
98  ALMA-Chassis-Deliverable ALMA Milad Electric Electricity, grey (Germany) Current Scenario 20 2021-11-16 09:51:02 (0]
101 Test_steel Testing BEVSIM Tom Electric 0 Current Scenario 1 2021-11-09 06:18:19 O
102 Test ABS Testing BEVSIM Tom Electric 0 Current Scenario 1 2021-11-09 06:18:22 (0]
104 Car104 ALMA Milad Electric 0 Current Scenario 5 2021-11-09 06:18:25 (@)
105 Car105 ALMA Milad Electric 0 Current Scenario 20 2021-11-09 06:18:26 O
106 Car106 ALMA Milad Electric 0 Current Scenario 20 2021-11-09 06:18:29 O
108 Car108 Electric 0 Current Scenario none 2021-11-09 06:18:30 (@)
109 Car109 Electric ] Current Scenario none 2021-11-09 06:18:32 O
110 Cari10 Internal Combustion 0 Current Scenario 2 2021-11-09 06:17:29 O
113 Car113 ALMA Milad Electric 0 Current Scenario 2 2021-11-09 06:18:41 O
114 Car114 ALMA Milad Electric 0 Current Scenario 1 2021-11-09 06:18:43 O
116 Cari1é ALMA Milad Electric 0 Current Scenario 20 2021-11-09 06:18:45 O
117 Cari17 ALMA Milad Electric 0 Current Scenario 1 2021-11-09 06:18:48 O

Showing 1 to 15 of 46 entries Next

Add New User Design (Car)

@ Click on a ro
Use the "Add New User Desigr

n the table to select your User Desigr
(Car)" button below the table on the left to create a completely new User Design (Car). Use the

currently selected User Design (Car)

(Car) to edit and/or analyse. You can quickly search by typing in the

at the top-right above the table or browse through the different pages
Delete Selected Design (Car)"-button below the table on the right to d

bottom right)

ete the
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) LIFE CYCLE COSTING DATA
STEP 2: EDIT “USER DESIGN”
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BEVSIM v3.33 Edit Material Costs

Edit Process Costs

Int Manual

Edit Material Costs

Show 15 Vv entries

Search:

id material unit default_costs user_costs
1 100 Aluminium, wrought alloy kg 2.413 2.413
2 95 ABS kg 1.888 1.888
5) 102 Boron kg 6
4 172  Steel HDG (World Steel) [BH, MS, HF, DP, HDG] kg 0.675 0.675
5 101 Battery Material kg 5
6 96 Adhesive kg 1.494 1.78
7 97  Air Conditioner refrigerant kg 6.71
8 98 Aluminium, cast alloy kg 2.413
9 99  Aluminium, primary, ingot (up to date) kg 2.413
10 103  Brake fluid | 2.686
11 104 Brake Pads_material car 3.777
12 105 brake rotor_material kg
1 106 Cable, unspecified kg
14 107 Carbon fibre reinforced plastic, injection moulded kg 25.2
15 108 Ca

Showing 1 to 15 of 94 entri 5 6 7 Next

@ Double click in the table to
cell(6,5) changed to (1.78) X

© Normal @ Large

X

record(id=96,material=Adhesive)

=,1.78 Saved to database! m innovation 7
for life




) SIMULATION WORKFLOW
STEP 2: EDIT “USER DESIGN”
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BEVSIM v3.33 Edit User Design Edit Parts

Manual

Edit User Design: Project Details, Vehicle Type & Geography

Nr Name User Design
147 Webinar
t "User Design" Create Project Name Project Manager .
Properties that affect the LCA.
# Edit "User Design"
Select Vehicle Type Electricity
@ Electric O Internal Combustion Electricity, grey (EU) A

Edit User Design: Life-Cycle Costs (LCC) from Consumer perspective

Consumer price (ex. Tax, incl VAT) Mass Value to use in LCC Calculations Mass used in LCC Calculations

- Properties that affect the LCC.

Edit User Design: Life-Cycle Costs (LCC) from Producer perspective

@ Fill in the values below stimations per car

Design costs Assembly costs Lighting & HVAC costs Distribution costs
350 150 5 60

Warranty & service costs Recycling, waste disposal costs Revenues
260 35 35900

Plot

Save Design in Database

© Normal @ Large

© Select a design you want to edit in the 'S|
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LATION WORKFLOW
2: EDIT “USER DESIGN”
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BEVSIM v3.33 Edit User Design

Edit Parts

Edit User Design: Parts, Materials

SubSystem Part Material

BEVSIM v3.38 Edit User Design Edit Parts Edit Record

Chassis Lower front control arms Aluminium, primary, ing{

SubSystem Subsystem
Chassis Rear control arms Aluminium, primary, ingdiq Vi i
Body - Body
Chassis Other (Corner Suspension) Steel HDG (World Steel)
Chassis Other (Corner Suspension) Steel PHRC (World Steel Part Part
Chassis Steering Knuckle Steel HDG (World Steel) EIW - BIW
Chassi Steering Knuckl Steel PHRC (World Steel . -

s eering Rucke Be {World Ste¢l Material Recycled Material
Chassis Rotor Cast iron Stes| HDG (World Steel] [2H, MS, HF, DR 1 Steel HDG (World Steel) [BH, MS, HF, DP, HDG]
Chassis Assembly Calliper Steel HDG (World Steel)

Process 1 Eff Process 1
Chassis Assembly Calliper Steel PHRC (World Steel
Edit "User Design” Cold Stamping, Steel - 58 Cold Stamping, Steel
Chassis Other (Braking Systems) Steel HDG (World Steel)
Showing 1 to 10 of 36 entries Edit B ial & Process 2 Eff Process 2
- 100
Add Part
Circularity A 2Nt Process 3 Eff Process 3
- 100
@ Edit the parts of your design by double clicking the row. Delete parts from yol
bottom-right be the table. Add a nev rt to your design by pressing the "Ad
browse through the different pages (bottom right) Mass (Kg) Mass (Kg)
213 - 185.52

Amount (Kg Amount (Kg)

Plot

© Normal @ Large

Recycled

1

Eff

45.6

Eff

100

Eff

100
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) SIMULATION WORKFLOW
STEP 3: SELECT “REFERENCE DESIGN(S)”
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BEVSIM v3.33

Include reference design(s) by checking the Select boxes

Search:

D Name Project Owner Type Country EolL Scenario Num Records Created Select
144 Carl44 ALMA Milad Electric Electricity, grey (EU) Current Scenario 1k 2021-11-16 16:59:23 @]
145 Cari45s ALMA Milad Internal Combustion Electricity, green (EU) Current Scenario 1 2021-11-16 16:59:48 O
146 Carl46 BEVSIM_TEST_LCC Eugene Internal Combustion Electricity, green (EU) Current Scenario 16 2021-11-20 12:36:18

147 Webinar ALMA Milad Electric Electricity, grey (EU) Future Scenario 36 2021-11-18 11:01:03

148 Car14s8 ALMA Milad Internal Combustion Electricity, green (EU) Future Scenario 18 2021-11-18 13:21:50 @]

Showing 41 to 45 of 45 entries Previous 1 2 3 4 5 Next

Currently Selected Reference Cars:
146 Car146 BEVSIM_TEST_LCC Eugene Internal Combustion Electricity, green (EU) Current Scenario

147 Webinar ALMA Milad  Electric Electricity, grey (EU) Future Scenario

@ Select one or more existing designs from this table that you want to compare your own design with, byusing the checkbox at the far right of the table. You can quickly search by typing in the box at the top-right
above the table or browse through the different pages (bottom right)

Plot

© Normal @ Large
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BEVSIM v3.33

Manual

Select Use Phase Method

nd-of-Life

The Team

TION WORKFLOW
SELECT USE PHASE METHOD

Define Use Phase Method situation

Car Lifetime Distance (km)

248500

(BEV) kwh/100km
16

Electric Source

Electricity, green (EU)
Electricity, grey (EU)
Electricity, green (France)
Electricity, grey (France)
Electricity, green (Germany)
Electricity, grey (Germany)
Electricity, green (UK)
Electricity, grey (UK)
Electricity, grey (NL)
Electricity, green (NL)

se Phase using the dropboxes above

Car Lifetime (years)

14.91

(ICE) liter/100km
5

innovation
for life

11



BEVSIM v3.38

t "User De

Edit "User D

\ Impact

) SIMULATION WORKFLOW
STEP 5: SELECT EOL SCENARIOS

End of Life Scenaric Definition End of Life Scenario Results Overview

End of Life Scenaric Definition Choices

Choose the End of Life Scenario for
your "User Design”

Future Scenario -

Current (Plastics & SMC)
Mechanical Recycling:

0.314
Incineration: 0.686
Pyrolysis: 0
Solvolysis: 0

End of Life Scenario Results Focussed

Save the chosen EolL Scenario in Database

Future Plastics Future SMC
0.314 0.314
0.686 0.6386
0 0
0 0

@ Choose in the End of Life Scenario of your "User Design" in the dropdown box at the top and don't forget to press "Save EoL scenario in database”. You have currently chosen"Future Design" for which some
values for Plastics and SMC can be adapted (white) and others are fixed (gray). The values of all other materials are the same as the current scenario. Tip: make a duplicate "User Design" with alternative EoL
scenario and select it as "Reference Design” to compare with each other in the next tab.
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BEVSIM V2.5 By SubSystem

[J Transpose Axis

1000

750

[kgl

500

250

) SIMULATION WORKFLOW
STEP 6: COMPARE “USER DESIGN” WITH “REFERENCE DESIGN(S)”

By Part By Material By Process

Display values [ show total [ Sort by value

Comparing the Mass for each SubSystem

Body Chassis Closure Interior Powertrain Electrical
SubSystem

‘—) Tom Ligthart

Design

M Default full BEV car
I Default full ICE Petrol Car
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) SIMULATION WORKFLOW

innovation
for life

BEVSIM V2.5

Cradle to Grave Impact Breakdown

i Intro & Manual By SubSystems By Materials

Impact categones:  ace 2013 Gws 1002 version 1.03 - [J Transpose Axis O Display values

IPCC GWP 100a [kg CO2 eq]

STEP 7: EVALUATE SUSTAINABILITY IMPACTS

(-} Tom Ligthart]

Human non-carcinogenic toxicity

Human carcinogenic taxicity

Marine ecotoxicity

Freshwater ecotoxicity

Iife
) W Assembly
5 15000 B Avoided
S EOL
Il B Material
8 10000 I Pre consumer
5 B Process .
o . USE‘ Phase ault full BEV car
o 5000
E 1D
I M | - Default full BEV car
0 - - « Default full ICE Petrol Car
—— Default full BEV ear
-5000
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Q;\O \,\?a % ate matter formation
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Parts

J Gzone farmation, Terrestrial ecosystems

Terrestrial acidification

Freshwater eutrophication

Marine eutrophicatien

Terrestrial ecotoxicity
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) Two scopes for the Life Cycle Costing have been used:

Consumer’s perspective including all the costs and revenues for the consumer. It includes among
others acquisition and use costs.

Producer’s perspective including all the costs and revenues for the producer of the car. Material
and process costs are included as well as the sales revenues.
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) SIMULATION WORKFLOW
STEP 7: EVALUATE LIFE CYCLE COSTS (CONSUMER)

LCC Consumer Visualization LCC Consumer Table LCC Producer Visualization LCC Producer Table

LCC Consumer Visualization

Show total Display values Transpose Axis

Life-Cycle Cosis (LCC) for Consumers
124083

ResiaE vaue u B0

Dokl bl

e e 211 SERTR

Froad iols and vignedies

Parng Costs

Transporiason Tax

Energy Consumpean
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Trarmsier cos!

|
< 70000
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=1

@ Bar graph showing the diverse Life-Cycle Costs (LCC) for consumers, grouped and colored by life cycle stages.



) SIMULATION WORKFLOW
STEP 7: EVALUATE LIFE CYCLE COSTS (PRODUCER)

LCC Consumer Visualization

LCC Producer Visualization

O Show total

WarTaty & BErVICe COBS

Dis¥ribuon costs

Ligrang and HWAC

Assamibly cosis

LLE L gF ]

@ Bar graph showing the diverse Life-Cycle Costs {LCC) for producers, grouped and colored by [it

LCC Consumer Table

LCC Producer Visualization

Display values

|
B

Manufactenng

LCC Producer Table

Transpose Axis

LCC Producer Table

Life-Cycle Costs (LCC) for Producers

@

car_id category name value

1 147 Total Total -27616
2 147 Revenues Revenue 35900
3 147 FEolL Recycling, waste disposal costs 35
4 147  Use Warranty & service costs 260
5 147  Distribution Distribution costs 60
6 147 Manufactoring Lighting and HVAC 5
7 147 Manufactoring Assembly costs 150
] 147 Manufactoring Process costs 5998
Q 147 Manufactoring Materials 1426
10 147 Design Design costs 350
11 148 Total Total -29870
12 148 Revenues Revenue 35900
13 148 FEolL Recycling, waste disposal costs 35
14 148 Use Warranty & service costs 260
15 148  Distribution Distribution costs 60
16 148 Manufactoring Lighting and HVAC 5
17 143 Manufactoring Assembly costs 150
18 148 Manufactoring Process costs 4459
19 143 Manufactoring Materials 711

148 Design Design costs 350




) BEVSIM is designed to assess the environmental, circularity, and economic impacts of passenger
vehicles across the entire life cycle

) Automotive application specific tool with simpler design that offers significant savings in time and
effort for performing LCA studies

) Designed for non-LCA experts for early screening of design alternatives in R&D phase
) Consistency across LCA studies

) Lower total cost of ownership compared to full suite LCA software

Yes, on a case to case basis! Please reach out to us by email (tom.ligthart@tno.nl) to discuss your
specific requirements.
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i Intro & Manual £

BEVSIM

# Intro

Author Contact Details:
& Select "User Design'”

[ Edit "User Design’ )

[ Edit Material & Prooess oosts 4 5 3
) ) Tom Ligthart, Senior Scientist

& Salect "Reference Design(s)" Climate, Air & sustainability, TNO

Contact:

* Primairy Contact

&% Select End-of-Life Scenarios q-
)
= Compare Bill of Materials \\'

& Evaluate LCA Impact

B Select Use Phase Method

Milad Golkaram,‘ Scientist
Climate, Air & sustainability, TNO
& Evaluate LOC Contact:

t
3 Evaluate Circularity Assessment

Bl Save rl E

— e

|
oy S
= The Team a - :g

Py

& Settings Rajesh Mehta*, Senior Consultant
Climate, Air & sustainability, TNO

? Debugging Contact:

Plot

O Normal @ Large

(Battery Electric Vehicle Sustainability Impact assessment Model)

Jack Vogels, Scientist/Programmer
Risk Analysis for Products in Development, TNO
Contact:

Eugene van Someren, Senior Scientist
Risk Analysis for Products in Development, TNO
Contact:

. i

Spela Ferjan, Junior Consultant
Climate, Air & sustainability, TNO
Contact:

ALMA is an EU Commission funded project with a global ambition.

The ALMA Project has received funding from the European Union's
Horizon 2020 Research and Innovation Programsnme under Grant
Agreement No: 101006675

Alma




2 YouTube
Online launch:

https://almaproject.eu/
media/

Tom Ligthart
Senior Scientist, TNO
tom.ligthart@tno.nl

» THANK YOU
YOUR TIME



https://almaproject.eu/media/
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