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Glossary

Life Cycle
Avi ew of a product system as oOconsecutive and interlink
from natur al resources to final di sposal 6 (1 SO 14040: 2

inputs as well as emissions to ailand and water.
Life Cycle Assessment (LCA)

0Compilation and evaluation of the inputs, outputs and
throughout its I|ife cycledéd (1 SO 14040:2006, section 3.

Life Cycle Inventory (LCI)

0 P h a dife cydef assessment involving the compilation and quantification of inputs and outputs for a product
throughout its I|ife cycledéd (1 SO 14040:2006, section 3..

Life Cycle Impact Assessment (LCIA)

oPhase of Iife cycl e ass es svalmiingtheamagniéude aad significadce ofshe andi ng
potential environment al i mpacts for a product system th
section 3.4)

Life Cycle mterpretation

OPhase of 1ife cycl e as seithersthaamventory analysistoi the impdcthassesénient,d i ngs
or both, are evaluated in relation to the defined goal and scope in order to reach conclusions and recommenda-
tionsdé (1 SO 14040: 2006, section 3.5)

Functional Lhit
OQuantified per f oyrsniaennt ef corf uas ep raosd uac tr esf er ence unité (1S
Allocation

oPartitioning the input or output flows of a process ofr
and one or more other prodcectond.¥ystemsod (I SO 14040: 2006,

Closedloop and Operloop Alocation of Recycled Material

0 An {ogpealocation procedure applies to opefoop product systems where the material is recycled into
other product systems and the material undergoes a change to its inherenbpp er t i es . 6

0 A ¢ Hoopsakodation procedure applies to closetbop product systems. It also applies to opeloop product
systems where no changes occur in the inherent properties of the recycled material. In such cases, the need for
allocationisavoik d si nce the use of secondary material displace

(ISO 14044:2006, section 4.3.4.3.3)
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ForegroundSystem

0Those processes of the system that are specific to it
study. 6 (JRC 2010, p. $Ser3upplers,tre manufaciureratdelf apnd anyndownstrdaens f i r s |
life cycle stages where the manufacturer can exert significant influence. As a general rule, specific (primary) data

should be used for the éreground system.

Background §stem

0Those processes, where due to the averaging effect ac
(or equivalent, generic data) can be assumed to approp
processes that are operated as part of the system but that are not under direct control or decisive influence of

the producer of t he ¢8)dsagentralfuleRs€ondadyldlta arepappropriftd for the

background system, particularly wherprimary data are difficult to collect.

Critical Review

OProcess intended to ensure consistency between a |ife
of the I nternational Standards on |ife cycle assessment

Sphea LCA for Expert (LCA FE)

It was previously known as GaBi software.
Sphera LCA Calculator

It was previously known as Envision tool.
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General information

1.1. Introduction

Dell Technologies is working to redudéeir impacts on the planet throughoutheir business models and prod-
ucts. Reducing the carbon footprint ahe products is a critical consideration itheir product designs and it also
enablestheir customers to achieve their own sustainability goalEor thisreason, Dell Technologies has decided
to develop 3 semi-automated LCAools for three different product categories (Notebooks, Desktop$jonitors)
to calculate LCA resultsaccording to ISO 14040 and ISO 14044nd generate product carbon footprint reports
(Environmental Product Declaration Type i) accordance with ISO 1402. The tools enable Dell to quickly and
reliably calculate the carbon footprint ofheir products, which contributes taheir overall sustainability goals in
several ways. Firstthe tools can be used toprovide consistent product informationto customers Second, they
can be used to track the impact of the product portfolio over time. Thirthe tools give Dell the possibilityto
compare product configurations and promote products witlower environmental impacts internally and exter-
nally.

The followingreport describes thebackground, structure functions,and outcomes ofD e | | &taols tb €héble
a critical reviewaccording tolS014071.

In the following chapter 1 describes thebasic information about the LCA ools and the verificationChapter 2
explains the scope of thd.CAs generated with the toolsegardingproduct systems, life cycle stagesassump-
tions, allocations, and data qualityIn the following chapters3, 4 and 5, the different tools are individually de-
scribed in detail.Finally, the report containgguiding information for the data collection andise ofthe LCAtools
in chapter 5.

1.2. Owneré& Approval of LCA Calculator

The owner of the LC#ools is Dell TebnologiesInc. The tools arerealizedwi t h S p h-€alcald@isand. C A
hosted by SpheraSolutions GmbH. The toole/ere reviewedin 2023 by:.

Colin Fitzpatrick University of LimerickCastletroy, Co. Limerick, V94 T9PXellnd

The results areintended for disclosure to the public and are not intended for direct comparative assertions.

1.3. OverviewLCA Calculatos

The 3 LCAools of Dellar e used for 3 different pr odu c:tNoteb@kse gor i es
Desktops, and Monitors. Theespective LCATools are called:

9 LCA CalculatoNotebook
1 LCA Calculator Desktop
1 LCA Calculator Monitor
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The general structure of theools is presented in the following figure.

Data entry by Dell
Technologies

Locked system

Background datasets
from Sphera’s Managed

LCA Content (LCI
database)

Figure1-1: Schematic Structure LCA ools

As shown in the figurethe LCAToolsare embedded in a locked system. The usaccess is limited tca predefined
set of parametersand the functionality to generate and export newesults andreports.

The LCAoolitselfi s host ed oraSpehde rtawdd wd Cehablésthe entryl ofprinoary dataa n d
from Dell The list of primary data/required input values willddescribed in the following chapters per LCA tool.
Beyond each wekbased tool, there is a parameterized LCA mode&apable to reflect different product confu-
rations and scenarios. The models have been created based tive disassembly and analysis ofultiple prod-

ucts pergroup to offer abroad range ofcombinations. The Sphera Managed LCA Content (ML-@rmerly GaBi)
databaseis usedto realizethe models. Consequentlyijt functions as foundation of the models and the tools.

From the LCA Calculator, the user is not able to changerodify the underlying LG#odels or the calculation
methodology.Theu s er 6 s mai n responsi bil ity prodsct, which Shoukl berana-t he pr
lysed, by changing the predefined parameterséfter the calculation, anew report canbe download andexported

to other system.Chapter 5 contains more details about these user interactions.

If updates to the tools and/or mode$ are required, Dell must contact Sphera as they host the software and
upload new tools. Either Sphera on behalf of Dell or Dell prepares such updates by extending the models. It is
recommended to perform quality checkby Spheraif Dell prepares model exénsiors.

1.4 Content of theLCA Reports

All LCAools of Dell generate LCA reportsith a similar structure Figure1-2 shows an exemplary report with its
elements.

The results are intended for disclosure to the public and are not intended for direct comparative assertions.
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D<A LTechnologies

Life Cycle Assessment
Latitude

Report date: 03/30/2023

The selected impact assessmant methodology for the ke cycle impact assessment (LCIA) is "EF

For 3
made of steel, lumenum, or ABS are sent for materia recycleng Thi, combined with the

3.0 Climate Change - total” using
inC

¢ potential

pophs i e

Depanding on the end of lfe allocation approach used in a life cycle assessment, credits can be
e

¢ & Enery
information about the Energy Star can be found on the Enargy Star website.

given toa product in age if the
matecial are higher than the burdens of the recovery of the material. The Total Carbon Footprint
Therefor

At Dall Technologies, we'r our
environemat. Reducing the carbon footprint of our PrOACLs & 2 critical consideration in our
their ®

study of a Latitude.
1

This
using DELL's ,
LA . s The goal of this LCA s to quantify

ng potential) of a system. Learn more
b0t the cakcul website

The system's impacts

e raw materiaks, 3  use of the
product, and “end-ot-ife”. Further oach are addressed
the g ogy The

Total Carbon Footprint (EU Baseline): 108 Kg CO,-€q. (exct nd of ife credits)

g oo
e
e . S—

. impacts only repr
ransportation and disposal of the materials at the end of the product’s useful ife. An alterative

end of ke

below in addition

made around matenial recovery.

‘Within the ICT industry,

by

use lifecycle stages. Total pr
Gue to the grid mix used (coak-based,

will vary ofuse

s fetime. 110 mixes will yield

, etc)

operate

a different emission factor per KWh of consumption. To demonstrate this sensitivity, the
foliowing diagram and tadle shows diferent use loCaBON scenarios and how they would
influence the total product carbon footprint,

Figure1-2: Structure LCA Report

Thedifferent elements are explained in thdollowing table

Table1-1: Elements of the LCA Report

# Element

1 Heading &ReportData

Description

1

Automatic generated title based on the product nam
given by the input values of the user
Information about the author and date of the report to
enable documentation management

2 Goal & Scope

Goal and motivationof Dels L CA st udi «
System boundariegegarding life cycle stages & activi
ties considered

3 ProductSpecifications

Summary of the technical specifications of the ana
lyzed product based on the input values of the user

4 Product Carbon Footprint Results i

Single product carbon footprint result (totaGWPexcl.
credits) based on European scenario

Breakdown of the total GWP excl. credits Hife cycle
stage based on European scenario

Breakdown of the manufacturing impacts

5 Interpretation

= =4 =4 =1

Evaluationof the results

LCIA methodology

Sensitivity analysis based on thaise location of the
product (incl. end of life credity

6 Endof-life Scenario

Details on the end of life assumptions
Details on the end of life modelling approach

7 Limitations

=A =4 = =4

Background on the development of the LGAols
Limitations of the models
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1.5. Verification

Sphera provides this report as main document for the verification. Other documents required and provided by
Dell are:

1 Data collection sheets (ENV0458 A03)
1 LCA Calculator Tool User Guide
1 Dell LCAPCF Quality Assurance ProcedsRegulatory Quality Documen

In order to verify the continued successful operation of the tools Sphera recommeridgplementingan annual
sample test by an external party. Within these annual tests 1 to 2 environmental profiles per product category
should be generated and checkedfo pl ausi bility and consistency to the r

As part of the initial verification, Sphera ran auccessfultrial with the LCAools and compared them with previ-
ous studi es o natiDdeb43@, Chrgmelwak 3X1®, Brecon 7670, Alienware Horizon 15 MLK
PLT C1P2419H and U2720Q).

Dell tested the data collection process with their suppliers on previously analyzed products. Based on supplier
feedback, enhancements were made to data collection guidandemplates, and internal quality assurance pro-
cesses.
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Scope of theLCA Models

The following sections describe the general scope of thi€CAmodels. This includes, but is not limited to, the
identification of specific product systemsthat have been used talevelop the LCAools, the product function(s),
functional unit and reference flows, the system boundarysed datasets (includingcut-off criteria and assump-
tions), andallocation procedures.

2.1. Product Systems

Table2-1 provides an overview of the products and product categories examined (notebook, desktop and mon-
itor). Four productshave been analysedor the notebook category, five for the desktop categoand four for the
monitor category. Each product category is explained in more detail in the corresponding chaptéehle 2-1
shows an overview

Table2-1: Overview of Dell productategories and products

Product group Dell products Referred section
Latitude 5430
h k 311
Notebook Chromebook 3110 3. Dell Notebook Calculator

Precision 7670

AlienwareMLK 15

OptiPlex 3000Micro Form Factor

OptiPlex 7000 Tower Desktop

OptiPlex 7090Small Form Factor

Precision 3260 Compact Form Factor

Precision 5820 Desktop Workstation

Precision 7820 Tower Workstation

P2419H Monitor

Monitors Ultrasharp 24 Monitor- U2723QE
Ultrasharp 24 Monitor U2422H
Ultrasharp 27 Monitor U2720Q

Desktops 4. Dell DesktopCalculator

5. Dell Monitor Calculator
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2.1.1. Notebook product system

Table2-2 shows an overview of the examined notebook$he table illustrates the differences between the prod-
ucts, e.g. in terms of display size, weight, product dimensions, battery capacity and othardware configura-
tions.

Table2-2: Dell Notebook product information

oOLatitude 0Chromeboo

Diagonal Viewing 14 inch

Size 11.6 inch 16 inch 15.6 inch
Weight 1.54 kg (without pack- 1.33 kg (without pack- 2.97 kg (without pack- 2.74 kg (without pack-
9 aging) aging) aging) aging)
Size 19mm (H) x 321mm (L)21mm (H) x 304mm  25mm (H) x 356mm  24mm (H) x 356mm
x Depth: 212mm (W) (W) x 208mm D) (W) x258mm (D) (W) x 272mm ©)
Battery capacity 58Wh 42Wh 83Wh 87Wh
Intel Core i51235U Intel Celeron N4500 Intel Core i#12850HX Intel Core i#12700H
16GB RAM 4GB RAM 16GB RAM 16GB RAM
256GB SSD 32GB SSD 512GB M.2 SSD 2TB M.2 SSD
Main hardware 2 speakers 2 speakers 2 speakers 2 speakers
components: Touchpad Touchpad Touchpad Touchpad
WiFi + Bluetooth WiFi + Bluetooth WiFi + Bluetooth WiFi + Bluetooth
Multiple ports, incl. Multiple ports, incl. Multiple ports, incl. Multiple ports, incl.
HDMI HDMI HDMI HDMI
Lifetime 5 years 5 years 5 years 5 years
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2.1.2. Desktop product system

Table2-3 givesan overview of theanalyzeddesktops. The tableshowsthe differences between the products,
e.g. in termsof weight, dimensions,or power supply

Table2-3: Dell Desktop product information

AOptiPlex 3000 0oOptiPlex 70005 AOptiPlex7090 6

Image
. . : . . 6,83 kg (without
Weight 1,10 kg (without packaging) 5,54 kg (without packaging) packaging)
36 mm (H) x 169 mm (H) x 92.6 mm (H) x
Size 178 mm (W) x 300.8 mm (W) x 290 mm (W) x
180 mm (D) 367 mm (D) 292.8 mm (D)
PSU 65W AC Adapter 500W 300W
Intel Core 7-11700
Main hard- Intel Core i512500T Intel Corei5-12500 16GBDDR4RAM
Ware compo- 16GB DDR4 RAM 32GBDDR5RAM 1TB HDD
nents: PO 556GB SSD 256GB SSD 512GB SSD
) Multiple ports, incl. HDMI Multiple ports, incl. HDMI AMD RadeorRX640 4GB
Multiple ports, incl. HDMI
Lifetime 5 years 5 years 5 years

OPr ec3696 on dPrecision 52806 aPrecision

Image
. 1,60 kg (without . . . .
Weight packaging) 14,10 kg (without packaging) 14,71 kg (without packaging)
190 mm (H) x 417.9 mm (H)x176.5 mm (W) x
Size 71.8 mm (W) x e o) (H) x 176.5 mm (W) X 51 83 mm (D)
178 mm (D) '
PSU 240W ACAdapter 950W 950W
Intel Xeon W Intel XeonSilver
Intel Core 9-12900
Main hard- 32GBDDR5RAM 32GBDDRARAM 64GB DDR4
ware compo- 1TB SSD 1TB .SSD 1T|.3 .SSD
) . Nvidia RTX A2000 6GB Nvidia RTX A4500 20GB
nents: Nvidia T400 4GB
Multiple ports, incl. HDMI L1T8 HDD 278 HDD
pie ports, ' Multiple ports, incl. HDMI Multiple ports, incl. HDMI
Lifetime 5 years 5 years S years
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2.1.3. Monitor product system

Table2-4 shows an overview of the examinethonitors. The tablehighlightsthe differences between the prod-
ucts, e.g. in terms of display size, weight, dimensions, battery capacity and other hardware configurations

Table2-4: Dell Monitor product information

0P2419H6 0U2422H6 oU2720Q6

Diagonal Viewing 24 inch

Size 24 inch 27 inch 27 inch
Weight 5.25 kg (without pack- 5.17 kg (without pack- 4,40 kg (without pack- 6.64 kg (without pack-
9 aging) aging) aging) aging)
Size 486.2 mm (H) x540.3 364 mm (H) x537.6  385.1 mm (H) x611.3 385.2 mm (H) x 611.4
mm (W) x 166.1 mm (D)mm (W) x179.6 (D) mm (W)x 184 mm (D) mm (W) x 185 mm (D)
Screen Type IPS IPS IPS IPS
Resolution 1920 x 1080 1920 x 1080 2560 x 1440 3840 x 2160
Frequency 60 hertz 60 hertz 60 hertz 60 hertz
USB 2.0 2xUSB 3.2 5x USB 3.2 5x USB 3.2
Ports HDMI 2 x USBC 2 x USBC 3 x USBC
VGA 2 x Display Port 2 x Display Port 2 x Display Port
HDMI HDMI HDMI
Lifetime 6 years 6 years 6 years 6 years
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2.2. Manufacturing stage

Themanufacturingstage of the productsystens consists ofthe raw material extraction, processing, and assem-
bly of the individual product modulesThe manufacturing and assembly of Dell products mainly takes place in
China. However,hie energy & materialgequired for the final assemblyas well as upstream transportation from
tier | suppliersis neglected.

Data on the individual modules and materialhiave been collected based on teardowns of sample products
provided by DellThe following table describes thenodules consideredin each productcategory

Table2-5: Components desciption in each product group
Product Component group defined in each product

Notebook Battery, RAM, SSD, Keyboard, Mainboard, TouchpBisplay, Camera, PSUCther
Electronics, Thermal Solution Speaker,Mechanicals, Packaging

Monitor Electromechanicals,Keyboard (Button keys), Mainboard, Displajiower Supply
Unit, USB boardExtension boargd Mechanicals, Packaging

Desktop Mainboard, CPURAM, SSD, Power Supply boa@raphicCard, NetworkCard, USB
Board, LEDBoard, HDD, ODD Other Eectronic Boards, Electromechanicals, Me-
chanicals, Packaging

2.3. Distribution stage

Del | 8 s getrdstihuted feom Chinato distribution hubs in Europe, USand China Then, distributors
transport the productswithin the country of useBoth distribution processesmay occur by shiptruck, or plane.
Transportation by railis not considered. Information on theransport distances hubs and ports has been deliv-
ered by DellHowever, the LCAool allows the modification of thedistances. The default assumptions are listed
bel ow an dCA QalculaterlTbobUser Guide

Table 2-6: Default assumptionstransportation to country of use

Use Location Distance (km) Ship (km) Plane (km) Truck (km)
EU 21100 17550 1950 1600
China 1600 0 0 1600
us 12100 9450 1050 1600
France 21100 17550 1950 1600
Germany 21100 17550 1950 1600
Great Britain 22000 19800 1600 1600

Assumptions based on the following:

1,600 km is appx. distance between coastal China and rough center of country. This is to represent distance for
manufacturing to assembly.

19,500 km is appx. distance from Port of Shanghai to Port of Rotterdam (90% by ship, 10% by plane)
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10,500 km is appx. distance from Port of Shanghai to Port of LA distributed (90% by ship, 10% by plane)

22,000 km is appx. distane from Port of Shanghai to Port of Felixstowe distributed (90% by ship, 10% by plane)

Table2-7: Default assumptions transportation within country of use

Use Location Distance (km) Ship (km) Plane (km) Truck (km)
EU 1060 0 0 1060
China 1600 0 0 1600
us 2600 0 0 2600
France 475 0 0 475
Germany 725 0 0 725
Great Britain 380 0 0 380

Assumptions based on the following:

1,060km is appx. Distance from port of Rotterdam to Austria
2,600 km is appxdistance from port of LA to Kansas

1,600 km Is appx distance from port of Shanghai to Chongqing
475 km |Is appx distance from port of Rotterdam to Paris

725 km Is appx distance from port of Rotterdam to Berlin

380 km Is appx distance from port of Felixstowt® Center of Great Britain

2.4. Use stage

Following the distribution of the products to different region®JS, Europe and China use stage takes place in

the respective regionThe required data entries arddasedont he US EPA®&s Ener gwpsurgpt ar
tion (TEC) methodologfor notebooks and desktopdENERGY STAR, 2022nd on the Energy related Product
(ErP) directivefor monitors (European Parlament, 2009)Consequently, the data sourceare Energy Star Certi-
fication and Environmental Data Sheets.

For the TEC methodology, the user can either insert thenual TEC or insertietailed information on the different
operation modes as exemplary shown in the following table.
Table2-8: Example of use scenario for Notebooks

Mode Latitude Chromebook Precision Alienware
5430 3110 7670
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Hours of Long Idle mode per day 4) [hrs] 1.2 1.2 1.2 1.2
Power Long Idle modé¢kw] 0.0012 0.0004 0.0017 0.00119
Hours of off mode per day (@4) [hrs] 6 6 6 6
Power off modekw] 0.0005 0.0003 0.0007 0.00048
Hours of Short Idle mode per day (24) [hrs] 6 6 6 6
Power Short Idle mod¢kW] 0.0052 0.0033 0.0124 0.024
Hours of sleep modeper day (024) [hrs] 10.8 10.8 10.8 10.8
Power sleep moddkW] 0.0012 0.0004 0.0017 0.00119

The ErP calculatiomequires information ontwo operation modes The LCA model for monitor uses theskata to
calculate theannual electricity consumption as follows:

TEC (kWh) = [(0Standby modedé watts +60n moded watts

Both methods combine the result with thénserted lifespan to calculate the electricity consumption for the en-
tire life span. In addition, the user can selecthe location of use to select the national average grid mix. The
available regions are:

USA

Europe
China

Great Britain
France
Germany

=A =4 =4 4 -4 -4

2.5. Endof-Life Stage

The user can modify the collection ragefor the products to adaptregional differences.The models assume that
products that are not collected wilbe disposed of in landfills.For the collection and transportto recycling /
incineration centers,a truck transport (diesel) of 500 km is assumed.

The endof-life scenario for thecollected products is a mix oflifferent processes based on information by Dell
and Spher ao alpmoegsesrefeetmdefault scenarios for all regions, which cannot be changed, only
the collection rate is flexboly adjustable.Businessto-business (B2B)equipment has a very high collection and
treatment rate due to high data protection measures.From the collected products, the materials with higher
economic value (metals and electronics) enter the recycling pesses The recovered materials replace virgin
materials on the market, what prevents thempacts and gives credits to the product system. Materials with lower
economic value (plastic & paperare incinerated and theproduced energy is recovered, whatlso gives credits

to the product systemMaterials, which can either be recycled ancinerated (e.g. Magnesium) ends in landfilling.
In addition to these assumptions, Dell provided the information that parts made of PCA®&S, and ABS can be
recovered from heir products. Therefore, the scenario considers recycling and credits for thiaterial group.
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Figure2-1: EoL Scenario for collected products

Thedata on the product compositiorhave been generated based on the teardown of the products and typical
material declarations of the electronic componentsThe user has the flexibility to select a reference product in
end of life, whatintegrates the material canposition of this reference into the model. Beside this functioother
user input parameters such as total weight or weight of stainless steel parts in the product are automatically
taken from the data entry and considered in the endf-life model.

In summary, the endofdife model canbe described assemiflexible approach Thefollowing parametersof the
LCAtools influence the endofdife and can be changeddy the user:

- Total weight of the product

- Weight ofselected materials(e.g. steel)inthemodul e o mecdhani cal s
- Reference model for EoL

- Productcollection rate

In contrast, the following dataare fixed or implemented as dependent variablein the LCA models

- Transport distance& vehicle inEndOftlife (fixed assumptionfor collectedproducts)
- Material compositionin all modulese x pect ed f or vauesédashdeoon thaeadownddatd
- Weight ofelectronics(values based on the teardown data)

2.6. Software and database

The LCA modslwere created usingLCA FELO Software system ér life cycle engineering, developed by Sphera
Solutions, Inc. Thé&Sphera Managed LCA Content (ML€@rmerly GaBi) databasg@rovides the life cycle inventory
data for several of the raw and process materials obtained from the background system.
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2.7. Overviewof the LCA for Experts Software model

The LCA models of all products are parameterizealenable data entry via the LCA Caltator for the user of the
LCA tool.

2.7.1. LCA modeld Primary Plan: LifeCycle Plan

The primary life cycle plan shows the four main stages of the life cyelelanufacturing, Distribution, Use and
Endof-Life. This layout is the same for all three product typesotebook, desktop and monitor. In the Manufac-
turing plan, the content differs from product to product. The plan for Distribution, Use and ErfdL.ife isthe same
for all three product types. The differences in the Manufacturing Plan are showrRii.2.

1 Manufacturing pK[h

2 Distribution pK[h
3 lse pxgh
4 End-of-life pXrh

Figure2-2: Primary Life Cycle Plan for all model$ Manufacturing, Distribution, Use and Endf-Life

2.7.2. LCAmodel 8 Sub Plan: Manufaturing

The Manufacturing Plan includes different plans for the respective product. The contents of the Manufacturing
Plans are therefore shown product by product for all three product types.

NotebookManufacturing

The Notebook Mantacturing plan includes all components used to manufacture the different types of notebooks

- Packaging, Housing, Battery, RAM, SSD, Thermal Solution, Speaker, Keyboard, Mainboard, Touchpad, Display
Camera, Camera, Display, PSU and Other Electronics. Tor@ents of the listed components areshownin Figure

2-3.

The model is designed so that a basic model can initially be selected. A distinction is made between lofoper
mance, standard performance, high performance and gaming. The components of the products can be combined
with each other in the tool.

Figures showing thesubplans of the model of Notebooknanufacturing can be found iPAnnex C1NotebookLCA
for Experts Model
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1. Manufacturing [Dell Laptop] p

Process planfeferencequantices

01 Packaging <LC= p Xghy Dell Laptap pX & 0% Keyboard <LC» pXgh
manufacturing
mixer <u-sos
02 Housing <LC>  pXgh 10 Mainkoard pXfh
<L Cs
03Battery <LC>  pXgh 12 Touchpad <LC> pXgh
04 RAM <LC> pXch 13 Display Camera pXgh
<LCo
05550 <L Cs pXxch 13Display <LC>  pXgh
06 Thermal pXxch 14 PSU £l Ca pXxeh
solution <LC=
08 Speaker <LCs  pXgh 15 Other slectranics pghy ey Othar slsctronics pX &
2LCs switch <u-sos

Figure2-3: Notebook manufacturing plan incl. all sub plans for the components of the notebook

Desktop Manufacturing

The Desktop Manufacturing plan includes all components used to manufacture the different types of desktops
Packaging, Mechanicals, Electromechanical®AM, SSDHDD, Mainboard, Power Supply Unit, Graphic Card,
ODD,Connectivity components ad peripherals The content of the listed componentgs shown inFigure2-4.

Figures showing thesubplans of the model of Desktopnanufacturing can be found inAnnexC2: Desktop LCA
for Experts Model
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Manufacturing - Desktop p

Process plan: Mass [kg]

Packaging - pxgh Manufacturing px*‘:’ Graphic Card - pxgh
Optiplex & Mizer - OptiFlex Precision =LC=

< U-50
Mechanical - pxl!'-h Disk Drive-Optiplex pxgh
Optiplex & & Precision <LC=
RAM - Optiplex & pXgh WLAN-Optiplex  pXgh
Precision <L C= e
S50 - Optiplex & pxgh Antenna Optiplex pxgh
Precision <L C= e E
Mainboard - pxgh Chher-Optiplex & pxgh
Optiplex & Precision =LC=
Poweer supply pxgh Mouse-Optiplex pxgh
board - Optiplex & <L C=
Electromechanical pxgh Keyboard-Optiplex pxgh
camponents - <l C=
Ethernet Board  pXgh HDD «LCs pXch
P s

Figure2-4: Desktop manufacturing plan incl. all sub plans for thecomponents of the notebook

Monitor Manufacturing

The Monitor Manufacturing plan includes all components used to manufacture the different typesmnitors -
Packaging,Keyboard, Power Supply Unit, Electromechanical components, PWB boards, Mainboard, |Rartk
Mechanical components The contents of the listed components are shown Figure2-5.

Figures showing thesubplans of the model of Monitomanufacturing can befound in Annex @G: Monitor LCA for
Experts Model
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1. Manufacturing p

Process plan: Mass [kg]

Packaging <LC= pgh- Manufacturing mixer <u-sox ngQ

Keyboard (excl. keys) pfh
el Ca

Power supply board p;h
<L Cx

Elzctramechanical pgh
components <LCs

USB board <LC= pch

Extension board p;h
<LC=

Mainboard <LCx px;h

Fanel plus P K;h
peripherals
Mechanical pxgh

components

Figure 2-5: Monitor manufacturing plan incl. all sub plans fothe components of the notebook

Custom ICs

ICs with special characteristics were identified and sent to an external laboratory for a more precise determina-
tion of their properties. Important characteristics are the die size, thehip technology,and the information
whether gold bond wire was usedrigure2-6, Figure2-7 and Figure2-8 showan example IC and how the data
from the laboratory looks likeFigure2-9 showsthe parametric IC model.

The ICs that are considered for submission and examination in the laboratory must meet certain criteria. The
criteria are as follows:

A Size of the ICs (min. 10 x 10 mm)
A Type of technology (DIMM, Memory, CMOS)
A Function (CR, GPU, RAM, SSD)

A total of 24 custom ICs were analyzed for the notebooks. Duplicates were also taken into account. The exact
number of analyzed custom ICs per notebook type can be seenTiable 2-9. For the desktops, a total of 32
custom ICs were identified. The breakdown by desktop type can be seeffable2-10. For the monitor models,

5 custom ICs were analyzed. It should be noted that only the U2422H and U2723QE models were examined for
possible custom ICs. The P2419H and U2720Q models were taken from earlier LCA studies, whereby no custom
ICs wee examined. A breakdown of the custom ICs for the two monitor models can be foundable2-11.
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Table2-9: Number of Custom ICsanalysed for Notebooks

Notebook Number of Custom ICs

Latitude 5430
Chromebook 3110
Precision 7670
Alienware MLK 15

Qo oo

Table2-10: Number of Custom ICs analysed for Desktops

Desktop Number of Custom ICs

OptiPlex 3000 2
OptiPlex 7000 6
Precision 3260 9
Precision 5820 13
Precision 7820 12

Table2-11: Number of Custom ICs analysed for Monitors

Monitor Number of Custom ICs

P2419H 0
U2422H 2
U2720Q 0
U2723QE 3

Figure2-6 shows a closeup picture of the IC. This picture helps to identify tH€ in question after decapping
the die. We anayzed multiple ICdor each product An example of the detailed analysis described in the fol-
lowing

Figure2-6: Closeup picture of SSD IC

34 of 186



O sphera

Figure 2-7 shows the die after the decapping processimportant information gained from this is the area, a
possible stacking of multiple dies, as seen for example Figure 2-7 (2-stack die). Also, the length of gold or
copperbond wirecan be determined, if used.

Figure2-7: Decapped IC incl. die dimesions, gold bond wires and die stack count

Figure2-8 showsan x-ray of the IC. This picture helps to identify the amount of solder bumps, but sometimes
also reveals aditional information like die area or bondvire.

Figure2-8: X-Ray of IC, incl. solder bumps count and atitional information like gold bond wires

The information from the laboratory is then used in our Open IC model. The Open IC model uses parameters to
customize each IC. The modeling of the Open IC plan is showRigure2-9.
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Cpen |IC model (with processes)-Cu wire p

Process phnReference quantives

Mixer, alobal average ;h
glectricity back-snd IC

packaging

Wafer Pn!'h GL O.: p :{h

manufacturing far — ‘S;mm:ndj:tm

bare dice fwith (structured, ) o
parametric, Cu — Product - pcs &
Wire) Sphera

EL-28: Copper wire ﬁ‘Q <U-50

—
{0046 mm) Sphera

Substrate far active h
companents (2-layer

K Jdet A1 at
rigid FR4 chem-elac _— r;ri:zfne,-’ |:|
AuNi finish, mass) H

— Carge plans, 113t p))'
payload

Housing IC ™ E :I

Package scaling forpx{,o
Lead frams h eIl nE

Salder paste SnAgds h

Figure2-9: Open IC mode(optional with gold or copper wire)

2.7.3. LCA modeld Sub Plan: Dstribution

The distribution stage is modelled based on different transpomodes. airplane, ship andtruck. The variable
transport distancesdepend on the country of use

2. Distribution p

Process plan: Mass [kg]
Source px.;}o 2.1 Distribution pfh 2.2, Distribution p[h
(parameterized) Manufacturing to Assembly to User

2.7.4. LCA modeld Sub Plan: Use

Five subplans are shown inFigure2-10, where the top four plans represent differentiser modes and the last
one indicates the total power consumption. The model is modeled in such a way that either the total power
consumption orthe power consumption User will need to specified either mode.
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P-Off -Dell Optiplex p[h _ Dell Optiplex F‘-:---*\-'-i*.nrpMgo

cU-s0>
P-Sleep-Dell Optiplex pfh N
<L C> r
P-Lonag |dle-Dell p[h N
Optiplex <L C» r
P-Short Idle-Dell  pgh R
’

Optiplex <L Cx

Fower Modes-Dell p[h
Optiplex <LC»

Figure2-10: Use scenario selectior® Scenario Type 1: Use modegPlan 1 to4), Scenario Type 2: Energy StgPlan 5)

Figure 2-11 shows theused energy processes for the included use phase locatiodsUnited States, Europe,
China, France, GreaBritain, and Germany.

US: Electricity grid mix N o
Sphera ¥ Electricity Selector pXg'

“U-S0>

EU-28: Electricity arid
mix Sphera

-w»

CN: Electricity arid mix
Sphera

-

FR: Electricity grid mix
Sphera

GB: Electricity arid mix
Sphera

w

DE: Electricity arid mix
Sphera

w

Figure2-11: Use phase electricity selection by locatioigsame for all the plans and notebook types is controlled by pa-
rameter settings)
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2.7.5. LCA modeld Sub Plan:Endof-Life

The endofife plan is modeled the sameway for all product categories. The modeling can be seen Kigure
2-12. The endof-life stage plancontains sub-plans for the recycling of different metals, the incineran of plastic
types and the landfill of materialswhichcan neither be recycled nor incinerated.

4. End-of-life p

Process plnReferen-equantices

Splitter (pos) qu¢ Scaling Laptap Eol NP GLO: Recyeling step  p. , GLO:Recycling of ;h
<u-saz u (Dummy) u-sa» —_— disassembly ¥ copper from light
(modified for DELL
laptops) Sphera | GLO: Recycling of h

cu-so ¥ copper fram heavy

-
& | GLO: Recycling of ste=ighy

Converter (pcs-mass)ps ¥ with credit Sphera

<u-sa=

| GLO:Recpcling of gy
¥ aluminiurm with credit

GLO: Thermal &
. N
N Source (ABS) pX& Recyeling of ABS with gh P reling of plastics
= crdit<LC>
EU-28: Inert matter
(Unapecific , GLO:Incineration  ghy
& ¥ plastic from
Source (stesl) pX GLO: Recycling of staelghy
i G GLO: Incineration
& ¥ paper from packaging
Source pX. GLO: Recycling of
(Aluminium) = cluminium with credit
Scurce dandfill)  pX<~  EU-28:Inert matter
{Unspecific
W, i
construction waste) on .| RER: Inert matter
¥ (Unspecific
E—— pX & GLO: Shredding o
& , ch

(electranics) (electranics,

Figure2-12: Endof-Life plan model structure (same for allproduct types)

2.8. List of Datasets, Cutoff criteria, Assumptions andData Quality

A list of used datasetscan be found inAnnex B1: List of datasets used in modelsThe list also contains an
evaluation of the datasets qualityfor technology, time andgeographical representativeness.

Production of capital equipment, facilities and infrastructure requidefor manufacture are outside the scope of
this assessment.Raw material extraction, processing and assembly of the individual products modules are in-
cluded in the manufacturing stageThe manufacturing and assembly of Dell products mainly takes place in
China. However, the energy & materials required for the final assembly as well as upstream transportation from
tier | suppliers is neglected.

2.9. Allocation Principlesand Procedures

Allocation principles and procedures, including documentation and justifidan of allocation procedures and
uniform application of allocation procedures.

2.9.1. Allocation of background data

Information about allocation procedure of single datasets is documented lritps://sphera.com/product -sus-
tainability-gabidata-search/.
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2.9.2. Allocation in the foreground data

The production process does not deliver any gwoducts. The applied software model does not contain any
allocation.

2.9.3. Allocation for waste materials

Production waste(metals and plastics)is recycled- first sent to a grarulation, then to a palletizing and com-
pounding process.

The product waste at enebfife is modelled according to the described scenario. Within the incineration pro-
cesses with energy recoveryhe environmentalburden of the incineration of packaging and the product in the
end of life scenario are assigned to the systenfll applied incineration processes are displayed via a partial
stream consideration for the combustion process, according to the specific congiton of the incinerated ma-
terial. For the waste incineration plant an R¥alue > 0.6 is assumed.

The credits for thermal and electrical energy are calculated via inversion of the life cycle inventory of European
average data.

2.10. Data Quality Assessment

2.10.1. Representativeness

Technological: All primary and secondary datae modelled to be specific to the technologies or technology
mixes under study. Where technologgpecific dataare unavailable, proxy dateare used (seechapter 2.8). The
overall technological representativeness is considered to kgood

Geographical: All primary and secondary daéae collected specific to the countries / regions under study. Where
country / region specific dataare unavailable, proxy dataare used (country / region specific data are displayed
in 2.8). The overall gographical representativeness isonsidered to begood

Temporal: All primary datare collected for the year2021. All secondary data come from th&phera Managed
LCA Content (MLEformerly GaBi) databasend are representative of the years 209-2022. As thestudy in-
tended to compare the product systems for the referenggear 2021 temporal representativeness isrerygood.

2.10.2. Reliability

Primary data are collectedy the clientusing a specifically adapted spreadsheeSpherasupported the data
collectionby preparing a specific questionnairand virtual or onsite support.

Crosschecks concerning the plausibility of mass and energy flows are carried out on the data received. Similar
checks are made on the software model developed during the study.

Overall,the data quality can be described as goodnd is guaranteed with the data collection sheet ENV0458
A03 (see
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Annex D1: EN0458 A03). The primary data collection has been done thoroughly; all relevant flows are consid-
ered.

Dell Global Product Compliance Engineering (GPCE) group conducts sampling audits throughout thefgrear
quality assurance of product carbon footprint reportsEvery quarter a representative sample of products are
picked for the audit. GPCE audit lead is responsible for verifying input variables with the actual data source.
Results of the sampling audire communicated with the LCARRCF SME and any deviation is addressed using
the GPCE corrective action process.

2.10.3. Consistency

To ensure consistencyall primary dataare collected with thesame level of detail while all backgrounddata are
sourcedfrom the Sphera Managed LCA Content (ML-@rmerly GaBi) databaseAllocation and other methodo-
logical choices are made consistently throughout the model.

2.10.4. Treatment of missing data

All relevant process steps are considered and modelled to represeahe specific situatiors. The process chain
is considered sufficiently complete regatidg the goal and scope of this studyOmitted material and energy flows
are describedin chapter2.

The data quality of the inventory is assessed on the basis of its precision (measured, calculated, literature values
or estimated), completeness (e.g. unrepted emissions), consistency (degree of uniformity of the methods used)
and representativeness (geographical, temporal, technological).

In order to do justice to these aspects and thus ensure reliable results, fistind industrial data were used
together with consistent background data from theSphera Managed LCA Content databas€he inventory data
from the Sphera Managed LCA Content databasewidely used in the Sphera LCA HB software. The data sets

are used worldwide in LCA models both internally and in many critically reviewed and published studies for in-
dustrial and scientific purposes. As part of the data provision, the data sets are compared with those of other
databasesas well as data from industry and science.

Precision and Completeness

Precision: Since the majority of the relevant foreground data was measured or calculated on the basis of the
process operator's primary data sources, the precision is considered to bghni All background data come from
the Sphera Managed LCA Content (ML@®rmerly GaBi) databasevith the respective documented precision.

Completeness: Each foreground process was checked for its mass balance and the compless of the emis-
sions inventory. No data was knowingly excluded. The completeness of the foreground processes is considered
high. All background data come from th8phera Managed LCA Content (ML:=@rmerly GaBi) databasevith the
respective documented completeness.

Consistency and reproducibility

Consistency: To ensure the consistency of the data, all primary data were collected with the same level of detalil,
while all background data was taken from th&phera Managed LCA @tent (MLC-formerly GaBi) database

Reproducibility: Reproducibility is guaranteed as far as possible by disclosing the iAputiput data, data set
selection and model assumptions in this report. With this information, anlyitd party should be able to approxi-
mate the results of this study using the same data sets and modelling approaches.

Representativeness
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Temporal: All primary data were collected for 2021. All background data come from the SpH&paera Managed
LCA Conten{MLC- formerly GaBi) databasend are representative for the year2018-2022 (Annex B1: List of
datasets used in model$.

Geographical: All primary and background data were modelled on a countwy regionspecific basis. Where
country or regiorspecific data were not available, proxy data was used. The geographiegresentationis con-
sidered to be high.
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Dell NotebookCalculator

3.1. General information

3.1.1. LCA Calculator Tool

The LCA calculator tool was developed to calculate the LCA results in accordance with IS@@/4@ for the
Dell Notebookproduct group.

3.1.2. Goal and scope of the study

The goal of the study is tguantify the carban footprint of a singleNotebooksystem across the product life cycle
(cradleto-grave), including the extraction of raw materials, production of components, transportation, use of the
product and endofdife.

3.1.3. Product group description

The product groupn the DellNotebookcalculator includesLatitude 5430, Chromebook 311Q Precision7670,
and Alienware MLK 15The LCA model cabe combinedand modified per individual configuration of the prod-
ucts. Figures of the LCA for Experts model structutan be found in 2.7 Overviewof the LCA for Experts Software
model.

3.1.4. Application area of product group

DellNotebooks can te found in a wide range of applicationsrom simple lowpower office tasksto performance
applications, to very demanding computing and graphics tasks.

3.1.5. Declared unit

The declared unit is one piece of produatith alifetime of 5 years

3.1.6. Data collection for LCAtool set-up

Primary data for the material content of the produstwere collected using a physical teardown provided by Dell.
During the product teardown, parts and materials were identified, weighed, and measured. The teardown was
conducted on a massproductionready version of the product provided by Dell. Data on distribution, product use
and end of life were collected and discussed through online communication in regular project meetiridgon
receipt, each questionnaire was crosshecked for compléeness and plausibility using mass balancas well as
internal and external benchmarking. The data were discussed via online communication and in regular project
meetings.

The decision of ICs to be sent for laboratory analysis are based on dimensions (any ICs above 10 x 10 mm) and
the functionality with focus on CMOS, Flash and RAM technology. The larger ICs are sent to a laboratory for
decapsul ati on ( 0 dheacuplplie sizg,dip stacking, identifievehéther gold Being used as
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bond wire material and to take xays to identify pin count of electrical interconnects (e.g., solder bumps). Deci-
sion basis for the collection of these additional data points was ¢hunderstanding, that these ICs potentially
bear a high environmental footprint, resulting in a need to improve the certainty of the results by using a higher
level of granularity in data collection and modelling.

3.1.7. Life Cycle Inventory Analysis

The weight & each main modules of the DelLaptopis summarized in the following table:

Table3-1: Weight by product module folaptops under investigation

Latitude Chromebook Precision Alienware
Material/Part 5430 3110 7670 MLK 15

()] (kg) (kg) (kg)
Packaging 0.68 0.40 0.80 2.20
Housing 0.52 0.51 1.07 0.70
Mainboard 0.15 0.14 0.26 0.19
RAM 0.008 - 0.01 -
SSD 0.01 - 0.02 0.03
Battery 0.21 0.18 0.38 0.33
Display 0.29 0.21 0.4 0.31
Camera 0.003 0.003 0.003 0.01
Thermal Solution 0.08 - 0.33 0.49
Keyboard 0.11 0.11 0.19 0.17
Touch Pad 0.06 0.06 0.10 0.04
Speaker 0.01 0.02 0.02 0.02
Power Supply Unit 0.08 0.08 0.18 0.37
Other Electronics - - - 0.09
Total weight 2.22 1.72 3.77 4.94

3.1.8. Systemboundary

Delld Blotebooksare manufactured and assembled in ChinaAfterwards, they get distributed to different hubs
in the world (e.g. Europe, US, China) (s€&ure 3-1). The selection of the country of use needs to be aligned
accordingly (see chapter 3.2)All collected products eneip in a mixed endofife scenario (see chapter 2.5).
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Figure 3-1: Dell Notebook sysem boundaries

3.2. Notebook LCA CalculatoWeb Tool

Figure 3-2 shows thegeneral structure of theNotebook LCA Calculator. The user can select oitem of the
structure to get the specified inpuffield with different options related to each itemThe stucture of the tool,
according to LCAorms, consists of manufacturing, distribution, use phase and eraf-life. Inthe manufacturing
phase, each component can be adapted individually, depending on the parameterization. The individual custom-
ization optionscan be found in3.2.1. The customization options for distribution are divided between transpor-
tation to the country of use and transportation in the country of us&he input possibilities can be found i8.2.2.

In 3.2.3 the user firg enters general informatia for the use phase and then has the choice of using the TEC as
the value for the use phase or using a detailed description of the use of the product. For the EoL the collection
rate and the base product can be selected as desbed in3.2.4.
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v Material Group
v Manufacturing

Total Weight
Mainboard

RAM

SSD

Housing

Power

Display

Thermal Solution
Other Modules

v Distribution
Transportation to Country of Use
Transportation within Country of Use
v Use
General
TEC (direct)
Detailed (not required if TEC specified)
End of Life

Figure 3-2: Overview ofNotebook LCA Calculaton the web tool

3.2.1. Manufacturing

The customization options of the manufacturing are based on the componemtfthe Notebooks. The depth of
customization depends on the components. The different customization options for the components are shown
below.

Total Weight

Total weight is an operparameterthat can be adjustedby changing the massPlease note that theresponse of
the model will be changed when the parameters amadjusted. This relates to if the total weight changes without
adjusting the housing, the model assumes that more electn@ components are included in the scenario. the
housing is adjusted but not the total weight, the model assumes that fewer electronic components are included
in the model.In an ideal case, the changes of mass ¢fousing should correspond to the totalveight, so that no
automatic scaling of electronic components antousing. An image of the web tool is shown Figure3-3.

Name Europe China USA Comment

@ Total weight 2.22 2.22 2.22 [kg] Total weight (incl. packaging)

Figure3-3: Input for Total Weightfor the NotebookLCA Catulator Web Tool

Mainboard

The drop-down menu of the reference productconsists of Latitude 5430, Chromebook 3110, Precision 7670
and Alienware MLK 15The reference product parameter dictates the changes in the following parametewwB
layer count, PWB area and IC arekigure3-4 shows the open input parameters for the Mainboard.
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Name Europe China USA Comment
@ | Reference Latitude ¥ | Latitude ¥ | Latitude v  Select the reference product
> | PWB layer 8 v 8 v 8 v [1,2,4,6,81012,16] Layer count of PWB
@ | PWB area 0.0272 0.0272 0.0272 [m*2] Area of Mainboard
@ | IC area 164 164 164 [em*2] Total package area of Integrated Circuits on Mainboard

Figure3-4: Input for Mainboard for the Notebook LCA Calculator Web Tool

RAM

The dropdown menu of thereference product consists 588GB DDR4and 16GB DDR5 The reference product
parameter dictates the changes in the following parameteRAMNumber of piecesPWB layer count, PWB area
and IC areaFigure3-5 shows the open input parameters for RAM.

Name Europe China USA Comment
-3 RAM type 8GB DDR4 v 8GB DDR4 v 8GB DDR4 v Select the reference product
@ RAM Number of pieces 1 v 1 v 1 v
@ RAM PWB 8 v 8 v 8 v [1,2,4,6,810,12,16] Layer count of PWB
@ PWB area 0.0021 0.0021 0.0021 [m"2] Area of RAM board
@ IC area 7.56 7.56 7.56 [cm"2] Total package area of Integrated Circuits on RAM

Figure3-5: Input for RAM for the Notebook LCA Calculator Web Tool

SSD

The dropdown menu of the reference product consists #56GB, 512GB and 2TB The reference product pa-
rameter dictates the changes in the following parameteNumber of pieces,PWB layer count, PWB area and IC
area. Figure3-6 shows the open input parameters for SSD.

Name Europe China USA Comment
-3 SSD type 256 GB v 256 GB v 256 GB v Select the reference product
@ SSD Number of pieces 1piece v 1 piece v 1 piece v Number of SSDs used
E-3 SSD PWB 6 v 6 v 6 v [1,2,4,6,8,10,12,16] Layer count of PWB
-3 PWB area 0.00066 0.00066 0.00066 [m*2] Area of SSD board
@ | ICarea 10.9 10.9 10.9 [cm*2] Total package area of Integrated Circuits on SSD

Figure3-6: Input for SSD for the Notebook LCA Calculator Web Tool

Housing

The dropdown menu of the reference product consists dfatitude 5430, Chromebook 3110, Precision 7670
and Alienware MLK 15The reference product parameter dictates the changes in the following parametdser
can determine the composition of the materiawhat will be use in the product. The material options consist of
aluminum, magnesium, PE\BS andsteel. Figure3-7 shows the open input parameters Housing.
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Name Europe China USA Comment
® Housing type Latitude v Latitude v Latitude v Select the reference product
-3 Alu 0.01347 0.01347 0.01347 [kg] Mass of Aluminium parts
& Magnesium 0 0 0 [kg] Mass of Magnesium parts
@ PC-ABS 0124 0124 0124 [kg] Mass of PC-ABS parts
® Steel 0.00502 0.00502 0.00502 [kg] Mass of Steel sheet

Figure 3-7: Input for Housing for the Notebook LCA Calculator Web Tool

Battery

A basic capaciy can be selected for the battery. This can then be scaled by changing the weidtigure 3-8
shows the open input parametergor batteries.

Name Europe China UsA Comment
@ | Battery capacity 58 Wh v 58Wh v  58Wh v Select the battery capacity
@ Battery weight 0.213 0.213 0.213 [kg] Mass of Battery (Lat: 0,213; Chr: 0,182; Pre: 0,375; Ali: 0,328)

Figure 3-8: Input for Battery for the Notebook LCA Calculator Web Tool

Display

The dropdown menu of the reference product consists dfatitude 5430, Chromebook 3110, Precision 7670
and Alienware MLK 15Each reference product refers to a different screen size. Additionally, the display diagonal
and the display ratio can be adjustedrigure3-9 shows the open input parametergor Display.

Name Europe China USA Comment
@ Reference Latitude v Latitude v Latitude v Select the reference product
@ Display diagonale 13.98 13.98 13.98 [in] Lat: 13,98; Chr: 11,81; Pre: 15,94; Ali: 15,59
3 Display ratio 17:10 v 17:10 v 17:10 v Select aspect ratio

Figure 3-9: Input for Displayfor the Notebook LCA Calculator Web Tool

Thermal ®lution

The dropdown menu of the reference product consists of Latitude 5430, Chronfmok 3110, Precision 7670
and Alienware MLK 15The materialsoptions available to choose fromare copper and aluminum Also, the
number of fans can be customizedJsers can choose between 0 to 4 fansAn overview of the web tool is shown
in Figure3-10.

Name Europe China USA Comment
@ | Thermal solution type Latitude *  Latitude v Latitude v Select the reference product
@ Al sheet 0.00487 0.00487 0.00487 [kg] Mass of Aluminium parts (Lat: 0,00487; Pre: 0,081; Ali: 0;)
@ Cu sheet 0.0361 0.0361 0.0361 [kg] Mass of Copper parts (Lat: 0,0361; Pre: 0,128; Ali: 0,3471;)
@ Fans 1 fan v 1 fan v 1fan v Select the number of fans
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Figure 3-10: Input for Thermal Solution for the Notebook LCA Calculator Web Tool

Packaging

The dropdown menu of the reference product consists of Latitude 5430, Chronmok 3110, Precision 7670

and Alienware MLK 15Figure3-11 shows the opea input parametersfor the Other Modules The Power Supply
Unit is an external charger. The selection refers to the power rating of the device. There is a choice of 65W, 180W
and 240W charger For thepackaging,keyboard touchpadand camera the referencemodel can be determined.

The reference models are Latitude 5430, Chroreook 3110, Precision 7670 and Alienware MLK 15The drop
down menu ofthe referenceproduct consists ofLatitude 5430, Chromebook 3110, Precision 7670 and Alien-

ware MLK 15.For OthetfE| ect roni cs, user can select between 0Ono
Name Europe China USA Comment

> Packaging Latitude v Latitude v Latitude v Select the reference product
& PSU 65W v 65W v 65 W v Select the power rating

@ Keyboard Latitude v Latitude v Latitude v Select the reference product
@  Touchpad Latitude v Latitude v Latitude v Select the reference product
@ Display Camera Latitude v Latitude v Latitude v Select the reference product
@ Other Electronics No extras v No extras v No extras v Select additional electronics

Figure3-11: Input for Other Modulesfor the Notebook LCA Calculator Web Tool

3.2.2. Distribution

The distributionstageis split into distribution to country of use and to distribution within country of use. The user
can select the transportationmode by plane,ship, and truck.

Transportation to country of use

Thetransportation options for distribution to the country of ug are by plane, train and truckThe unitby de-
fault is in kilometers.Figure3-12 shows the open input parametergor Distribution to Country of use.

Name Europe China USA Comment
@ Distance_plane 1950 0 1050 [km] Transportation distance plane
& Distance_ship 17550 0 9450 [km] Transportation distance ship
@ Distance_truck 1600 1600 1600 [km] Transportation distance truck

Figure3-12: Input for Didribution to country of usefor the Notebook LCA Calculator Web Tool

48 of 186

ext



O sphera

Transportation within country of use

Thetransportation options for distributionto the country of use are by plane, train and truck. The utiy default
is in kilometers. Figure 3-13 shows the open input parametersfor Digribution within Country of use.

Name Europe China USA Comment
@ Distance_plane 0 0 0 [km] Transportation distance plane
@ Distance_ship 0 0 0 [km] Transportation distance ship
@® Distance_truck 1060 1600 2600 [km] Transportation distance truck

Figure3-13: Input for Distribution within country of use for the Notebook LCA Calculator Web Tool

3.2.3. Use

For the use phaseuser will first determine the lifespan and theuse location of the product(Figure3-14). The
user canthen decide whether to enter use information as a TEC inp(Rigure 3-15) or to enter detailed infor-
mation on usage scenarios of the producfFigure3-16). The user needs to enter one ahe options but not both.

General

The user can define the lifespan of the product and set the use location for the produtise locations are,
Europe, China, US France GreatBritan, and Germany.

Name Europe China USA Comment
@ Lifespan 5 5 5 [years] Life span of the product
* Use Location Europe v China v USA v Select Use Location

Figure3-14: Input for General use information for the Notebook LCA Calculator Web Tool

TEC

Typical Energy Consumption (TE€R method for evaluating and comparing computer energy performance that
focuses on the average amount of ettricity used by an item while it is operating normally over an extended
period of time.The TEC is used aan Energy StarProgram requirement. The TEC is given in thgical annual
energy consumption (kWh/a) of the product.

Name Europe China USA Comment

@ P_TEC 0 0 0 [kWh/a] Annual Typical Energy Consumption (TEC)

Figure3-15: Input for TEC use information for the Notebook LCA Calculator Web Tool

Detailed

Detailed information is not required if TEC is specifie@ihe detailed information is split up into different usage
modes (long idle, short idlesleep and off mode).The input for the usage modess in Kilowatt. User can enter
the time for each usage mode in hours of use.
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Name Europe China USA Comment
@ Long_idle_hr 1.2 1.2 1.2 [hrs] Hours of Long Idle mode per day (0-24)
k-3 Long_idle_mode 0.0012 0.0012 0.0012 [kW] Power Long Idle mode
k-3 Off_hr 6 6 6 [hrs] Hours of off mode per day (0-24)
E- Off_mode 0.0005 0.0005 0.0005 [kW] Power off mode
@ Short_idle_hr 6 6 3] [hrs] Hours of Short Idle mode per day (0-24)
-3 Short_idle_mode 0.0052 0.0052 0.0052 [kwW] Power Short Ildle mode
@ Sleep_hr 10.8 10.8 10.8 [hrs] Hours of sleep mode per day (0-24)
@ Sleep_mode 0.0012 0.0012 0.0012 [kW] Power sleep mode

Figure3-16: Input for detailed use information for the Notebook LCA Calculator Web Tool

3.2.4. Endof-Life

As shown inFigure 3-17 , user can select a reference pduct (Latitude 5430, Chromebook 3110, Precision
7670 and Alienware MLK 15Y)o0 set a base for the inputs for the Engf-Life. Additionally the collection rate can
be adjusted. The collection rate specifies how much percent of the product is collecteddad-of-life.

Name Europe China USA Comment
@ Reference Latitude v Latitude v Latitude v Select the reference product
@ Collection Rate 100 100 100 [%] Collection rate products at End-of-Life

Figure3-17: Input for Endof-Life information for the Notebook LCA Calculator Web Tool

3.2.5. Results Generation

The Notebook LCA Calculator Web Tool generates Total Carbon Footprint by Life Cycle Stages (excludinfg end
life credits) in Piechart (Figure3-18), Bar chart Figure3-19) and results table Figure3-20). The following sce-
nario is assumed 6r the purpose of demonstrating how the results are presented:
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ScenarioSettings Europe China USA Comment
S3 ScenarioSetting§Manufacturing Total 2.22 2.22 2.22 [kg] Total weight (incl. packaging)
Weight Total weight
S5 ScenarioSetting$§Manufacturing Main- Latitude Latitude Latitude Select thereference product
board\ Reference
S6 ScenarioSetting$§Manufacturing Main- 8 8 8 [1,2,4,6,8,10,12,16] Layer count
board\ PWB layer of PWB
S7 ScenarioSetting$§Manufacturing Main- 0.0272 0.0272 0.0272 [m"2] Area of Mainboard
board\ PWB area
S8 ScenarioSettingsManufacturing Main- 164 164 164 [cm"2] Total package area of Inte-
board\IC area grated Circuits on Mainboard
S10 ScenarioSettingsManufacturindg RAM RAM Latitude Latitude Latitude Select the reference product
type
S11 ScenarioSettingsManufacturing RAM RAM 1 1 1 Number of RAM bars
Number of pieces
S12 ScenarioSettingsManufacturing RAM RAM 8 8 8 [1,2,4,6,8,10,12,16] Layer count
PWB of PWB
S13 ScenarioSetting§Manufacturind RAM PWB 0.0021 0.0021 0.0021 [m"2] Area of RAM board
area
S14  ScenarioSettingsManufacturing RAMIC 7.56 7.56 7.56 [cm”2] Total package area of Inte-
area grated Circuits on RAM
S16 ScenarioSetting$Manufacturind SSD SSD Latitude Latitude Latitude Select the reference product
type
S17 ScenarioSettingsManufacturing SSD SSD 1 piece 1 piece 1 piece Number of SSDs used
Number of pieces
S18 ScenarioSettingsManufacturing SSD SSD 6 6 6 [1,2,4,6,8,10,12,16] Layer count
PWB of PWB
S19 ScenarioSetting§Manufacturind SSD PWB 0.00066 0.00066 0.00066 [m”2] Area of SSD board
area
S20 ScenarioSetting§Manufacturind SSDIC 10.9 10.9 10.9 [cm”2] Total package area of Inte-
area grated Circuits on SSD
S22 ScenarioSetting§Manufacturing Hous- Latitude Latitude Latitude Select the reference product
ing\ Housing type
S23 ScenarioSettingsManufacturing Hous- 0.01347 0.01347 0.01347 [kg] Mass of Aluminium parts
ing\ Alu
S24 ScenarioSettings§Manufacturing Hous- 0 0 0 [kg] Mass of Magnesium parts
ing\ Magnesium
S25 ScenarioSetting§Manufacturing Hous- 0.124 0.124 0.124 [kg] Mass of PGABS parts

ing\ PCABS
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S26 ScenarioSetting§Manufacturing Hous- 0.00502 0.00502 0.00502 [kg] Mass of Steel sheet
ing\ Steel
S28 ScenarioSetting$Manufactur- 58 Wh 58 Wh 58 Wh Select the battery capacity
ing\ Poweh Battery capacity
S29 ScenarioSettingsManufactur- 0.213 0.213 0.213 [kg] Mass of Battery (Lat: 0,213;
ing\ Powek Battery weight Chr: 0,182; Pre: 0,375; Ali: 0,328)
S31 ScenarioSetting$§Manufacturing\ Dis- Latitude Latitude Latitude Select the reference product
play\ Reference
S32 ScenarioSetting$§Manufacturing\ Dis- 13.98 13.98 13.98 [in] Lat: 13,98; Chr: 11,81, Pre:
play\ Display diagonale 15,94; Ali: 15,59
S33 ScenarioSetting$§Manufacturing\ Dis- 17:10 17:10 17:10 Select aspect ratio
play\ Display ratio
S35  ScenarioSettingsManufacturing Thermal Latitude Latitude Latitude Select the reference product
Solution Thermal solution type
S36  ScenarioSetting§Manufacturing Thermal 0.00487 0.00487 0.00487 [kg] Mass of Aluminium parts (Lat:
Solution Al sheet 0,00487; Pre: 0,081; Ali: 0;)
S37  ScenarioSettingsManufacturing Thermal 0.0361 0.0361 0.0361 [kg] Mass of Copper parts (Lat:
Solution\ Cu sheet 0,0361; Pre: 0,128; Ali: 0,341;)
S38  ScenarioSettingsManufacturing Thermal 1 fan 1 fan 1 fan Select the number of fans
Solution\ Fans
$40 ScenarioSetting§Manufacturing Other Latitude Latitude Latitude Select the reference product
Modules\ Packaging
S41 ScenarioSettingsManufacturing Other 65 W 65 W 65 W Select the power rating
Modules\ PSU
S42 ScenarioSetting§Manufacturing Other Latitude Latitude Latitude Select the reference product
Modules\ Keyboard
S43 ScenarioSetting§Manufacturing Other Latitude Latitude Latitude Select the reference product
Modules\ Touchpad
S44 ScenarioSetting§Manufacturing Other Latitude Latitude Latitude Select the reference product
Modules\ Display Camera
S45 ScenarioSetting§Manufacturing Other No extras No extras No extras Select additional electronics
Modules\ Other Electronics
S48  ScenarioSetting$Distribution\ Transporta- 1950 0 1050 [km] Transportation distance
tion to Country of UseDistance_plane plane
$49  ScenarioSetting$Distribution\ Transporta- 17550 0 9450 [km] Transportation distance ship
tion to Country of UseDistance_ship
S50  ScenarioSetting$Distribution\ Transporta- 1600 1600 1600 [km] Transportation distance
tion to Country of UseDistance_truck truck
S51  ScenarioSetting$Distribution\ Transporta- 0 0 0 [km] Transportation distance
tion within Country of UseDistance plane plane
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S52  ScenarioSetting$Distribution\ Transporta- 0 0 0 [km] Transportation distance ship
tion within Country olUs@ Distance_ship
S53  ScenarioSetting$Distribution\ Transporta- 1060 1600 2600 [km] Transportation distance
tion within Country of UseDistance_truck truck
S57 ScenarioSettings§Usa General Lifespan 5 5 5 [years] Life span of the product
S58  ScenarioSettingsUse General Use Loca- Europe China USA Select Use Location
tion
S60  ScenarioSettingsUsd TEC (direct)P_TEC 0 0 0 [kWh/a] Annual Typical Energy
Consumption (TEC)
S62 ScenarioSettingsUs@ Detailed (not re- 1.2 1.2 1.2 [hrs] Hours of Long Idle mode pel
quired if TEC specified)ong_idle hr day (024)
S63 ScenarioSetting$Us@ Detailed (not re- 0.0012 0.0012 0.0012 [kW] Power Long Idle mode
quired if TEGspecified) Long_idle_mode
S64 ScenarioSetting$Use Detailed (not re- 6 6 6 [hrs] Hours of off mode per day
quired if TEC specifiedOff _hr (0-24)
S65 ScenarioSetting$Us@ Detailed (not re- 0.0005 0.0005 0.0005 [kwW] Power off mode
quired if TEC specified)Off_mode
S66 ScenarioSettingsUsd Detailed (not re- 6 6 6 [hrs] Hours of Short Idle mode per
quired if TEC specifiedShort_idle_hr day (024)
S67 ScenarioSetting$Us@ Detailed (not re- 0.0052 0.0052 0.0052 [kW] Power Short Idle mode
quired if TEC specifiedBhort idle_mode
S68 ScenarioSettingsUs@ Detailed (not re- 10.8 10.8 10.8 [hrs] Hours of sleep mode per
quired if TEC specifiedSleep_hr day (0-24)
S69 ScenarioSetting$Use Detailed (not re- 0.0012 0.0012 0.0012 [kW] Power sleep mode
quired if TEC specifiedBleep _mode
S71 ScenarioSetting$End of Lifé Reference Latitude Latitude Latitude Select the reference product
S72 ScenarioSetting$End of Lifé Collection 100 100 100 [%] Collection rate products at

Rate
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Figure3-18: LCA Calculator Web Tool results generation (pie chart)
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Figure3-19: LCA Calculator Web Tool results generation (bar chart)
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1. Manufacturing 2.Distribution 3.Use 4.End-of-life 5. Credits

Europe 78.323 4101 33.014  2.080 -8.188
China 78.323 0.549 72.003 2.080 -8.188
LUSA 78.323 3.001 45726  2.080 -8.188

Figure 3-20: LCA Calculator Web Tool results generation (table)

In a detailed view of he carbon footprint of the three scenarios, ghowsthat the major fraction of the impact is
from the manufacturing stage followed bythe use stage.Depending on the country of usand Eol, the carbon
footprint results will be differentdue to the powergrid mix used in different countries/regionsilt is important to
note that results will differ, based ondifferent parameter settings.

3.2.6. Report Generation

The LCA Calculator offers the possibility to create a predefined report for a productefgampleand detailed
descriptionof the report can be found irchapter 1.

1 All results in the figure refer to kg C3eq..
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Dell DesktopCalculator

4.1. General information

41.1. LCA Calculator Tool

The LCA calculator tool was developed to calculate the LCA results in accordance with ISO 1/4d46or the
Dell Deskop PCproduct group.

4.1.2. Goal and scope of the study

The goal of the study is tauantify the carbon footprint of a single Desktop PC system across the product life
cycle (cradleto-grave), including the extraction of raw materials, production of componentsansportation, use
of the product and endof-life.

4.1.3. Product group description

The product group in the Dell Desktop calculator includes OptiPlex 3000, OptiPlex 700@tiPlex 7090,Preci-
sion 3260, Precision 820 and Precision B20. The LCA model can comfi2 and modify individual modules of
the products.

4.1.4. Application area of product group

Dell Desktop Calculator is designed for internal and external communication.

4.1.5. Declared unit

The declared unit is one piece of produatith a lifetime of 5 years

4.1.6. Data collection for LCAtool set-up

Primary data for the material content of the product were collected using a physical teardgwovided by Dell
During the product teardown, parts and materials were identified, weighed, and measured. The teardown was
conducted on a massproductionready version of the product provided by Dell. Data on distribution, product use
and end of life were collected and discussed through online communication in regular project meetiridgon
receipt, each questionnaire was crosshecked for completeness and plausibility using mass balae@s well as
internal and external benchmarking. The data were discussed via online communication and in regular project
meetings.

The decisionfor ICs to be senfor laboratoryanalysis are based on dimensions (any ICs above 10 x 10 mm) and

the functionality with focus on CMOS, Flash and RAM technology. The larger ICs are seatldboratory for
decapsul ation (0decappi ngdie statking idertify etather golt isbeiagcused asl di e s
bond wirematerial and to take xrays to identify pin count of electrical interconnects (e.g., solder bumps). Deci-

sion basis for the collection of these additional data points was the understanding, that these ICs potentially
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bear a high environmental footprint, resulting in a need to improve the certainty of the results by using a higher
level of granularity in data collection and modelling.

4.1.7. Life Cycle Inventory Analysis

The weight of each main modules of the Ddllesktopsare summarized in the following table:

Table4-1: Weight by product module for desktops under investigation

Material/Part OptiPlex OptiPlex OptiPlex Precision Precision Precision
3000 (kg) 7000 (kg) 7090 (kg) 3269 (kg) 5820 (kg) 7820 (kg)
Packaging 0.62 231 1.74 1.05 2.38 2.80
Mechanicals 0.75 3.72 2.99 1.12 10.9 9.55
Electromechanicals  0.05 0.31 0.4 0.08 1.61 1.15
Mainboard 0.16 0.34 0.31 0.19 0.74 0.95
CPU 0.04 0.04 0.03 0.04 0.05 0.11
RAM 0.01 0.02 0.03 0.02 0.04 0.02
SSD 0.003 0.003 0.02 0.01 0.37 0.39
Graphic Card 0 0 0.07 0.13 0.63 1.08
Power Supply Unit 0.21 0.50 0.22 0 0.97 0.96
OoDD 0 0 0 0 0 0
Connectivity 0 0.14 0.14 0 0 0
Mouse 0 0.09 0.08 0 0 0
Keyboard 0 0.43 0.61 0 0 0
Totalweight 1.84 7.90 8.57 2.64 17.04 17.01

4.1.8. System boundary

Del |l 6s Notebooks are manufactured and assembled in
in the world (e.g. Europe, US, China) (see following figure). The selection of the country of use needs to be aligned
accordingly (see chapter 3.2)All collected products endip in a mixed endofife scenario (see chapter 2.5).
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Figure4-1: Dell Desktop system boundaries

4.2. Desktop LCA Calculator Web Tool

Figure4-2 shows the general structure of thé®esktopLCA Calculator. The user can select one item of the struc-
ture to get the specified inpufield with different options related to each itemThe striwcture of the tool, according

to an LCA, consists of manufacturing, distribution, use phase and eofife. In manufacturing, each component
can be adapted individually, depending on the parameterization. The individual customization options can be
found in 4.2.1. The customization options for distribution are divided between transportation to the country of
use and transportation in the country of use. The input psibilities can be found i4.2.2. In4.2.3 the user first
enters geneal information for the use phase and then has the choice of using the TEC as the value for the use
phase or using a detailed description of the use of the product. For the EoL the collection rate and the base
product can be selected as described id.2.4.
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v Manufacturing

Total Weight

| Mainboard

RAM

SSD

HDD

Graphic Card

Mechanicals

Electromechanicals

Other Modules

Additional Devices
v Distribution

Transportation to Country of Use

Transportation within Country of Use
v Use

General

TEC (direct)

| Detailed (not required if TEC specified)

End of Life

Figure4-2: Overview of Desktop LCA Calculator in the web tool

4.2.1. Manufacturing

The customization options of thenanufacturing are based on the componentsf the desktops. The depth of
customization depends on the components. The different customization options for the components are shown
below.

Total Weight

Total weight is an open parameter that can be adjusted lohanging the massPlease note that the response of
the model will be changed when the parameters are adjusted. This relates to if the total weight changes without
adjusting the housing, the model assumes that more electronic components are included ie #tenario. If the
housing is adjusted but not the total weight, the model assumes that fewer electronic components are included
in the model. In an ideal case, the changes of mass of housing should correspond to the total weight, so that no
automatic scalng of electronic components and housing. An image of the web tool is showirigure4-3.

Name Europe China usa Comment

@ | Total_weight 171842 1.71842 1.71842 [kg] Total weight of the product {incl. packaging)

Figure4-3: Input for Total Weight for the Desktop LCA Calculator Web Tool
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Mainboard

The dropdown menu of the reference product consists ®fiIFF (Micro Form FactorMini Tower SFF (Small Form
Factor), CFF (Compact Form Factordtandard Tower Precision 5820) and Standard Tower Precision 7820).
The reference product parameter dictates the changes in the following parametBkVB layer count, PWB area
and IC areaFigure4-4 shows the open input parameters for the Mainboard.

Name Europe China USA Comment
@ Mainboard Selection Select the reference
@ PWB_layer [1,2,4,810,12,16] Layer count of ...
@ IC_area [cm”2] Total package area of In...
@ PWE_area [cm*2] Area of Mainboard

Figure4-4: Input for Mainboard for the Desktop LCA Calculator Web Tool

RAM

The dropdown menu of the referenceproduct consists 0f8GB DDR4,16GB DDR4 32GB DDR5 32GB DDR4
and 64GB. The reference selection parameter dictates the changes in the following paramef®&M Number of
pieces,PWB layer count, PWB area and IC aréagure4-5 shows the open input parameters for RAM.

Name Europe China USA Comment
@ RAM Selection Select the reference
@ | RAM Number of pieces Number of RAM bars used
@ PWB_layer 8 v 8 v 8 v [1,2,4,810,12,16] Layer count of ...
@ | IC_area [cm*2] Total IC package area
@ PWE_area [cm*2] Area of RAM board

Figure4-5: Input for RAM for the Desktop LCA Calculator Web Tool

SSD

The dropdown menu of the refer@ce product consists oMFF (Micro Form Factor), Mini Tower, SFF (Small Form
Factor), CFF (Compact Form Factor), Standard Tower (Precision 5820) and Standard Tower (Precision.7820)
The reference product parameter dictates the changes in the following pareter: SSD Number of piecesPWB
layer count, PWB area and IC arekigure4-6 shows the open input parameters for SSD.

Name Europe China USA Comment
@ SSD Selection Select the reference
@ | SSD Number of pieces 1 piece v 1piece v 1 piece v Number of SSDs used
@ PWB_layer 8 v 8 v 8 v [1,2,4,810,12,16] Layer count of ...
@ IC_area [cm~2] Total package area of In...
@ PWB_area [em~2] Area of SSD board
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Figure4-6: Input for SSD for the Desktop LCA Calculator Web Tool

Graphic Card

The dropdown menu of the reference product consists dfiIFF (Micro Form Factor), Mini Tower, SFF (Small Form
Factor), CFF (Compact Form Factor), StandamnvEr (Precision 5820) and Standard Tower (Precision 7820)
The reference product parameter dictates the changes in the following parametBkVB layer count, PWB area
and IC areaFigure4-7 shows the open input parameters for Graphic Card.

Name Europe China USA Comment
@ GPU selection none v none v none v Select the Graphic Card
@ PWB_Layer 10 v 10 v 10 v [1,2,4,810,12,16] Layer count of PWB
@ IC_area 7.45 7.45 7.45 [cm~2] Total IC package area
@ PWB_area 92.95 92.95 92.95 [cm~2] Area of Graphic Card

Figure4-7: Input for Graphic Card for the Desktop LCA Calculator Web Tool

Mechanicals

The dropdown menu of the reference product consists &flFF (Micro Form Factor), Mini Tower, SFF (Small Form
Factor), CFF (Compact Form Factor), Standard Tower (Precision 5820) and Standard Tower (Precision.7820)
Userscan determine the composition of thenaterial that will be usedto producethe chassis, thermal solution,
fans, speaker and cablesThe material options consist of aluminum, magnesiunfABS& PCABS and steel.
Figure4-8 shows the open input parameterdor Mechanicals

Name Europe China USA Comment
@ Mechanical Selection Select the reference
@ Plastic [kg] Mass of ABS and PC-ABS ...
@ | Steel_Sheet [kg] Mass of Steel parts
@ | Al_Sheet 0 0 0 [kg] Mass of Aluminium parts

Figure4-8: Input for Mechanical components for the Desktop LCA Calculator Web Tool

The dropdown menu ofthe reference productconsists ofMFF (Micro Form Factor), Mini Tower, SFF (Small Form
Factor), CFF (Compact Form Factor), Standard Tower (Precision 5820) and Standard Tower (Precision.7820)
Thenumber of electromechanical components used within the pragtts differ. Figure4-9 shows the open input
parametersfor Mechanicals

Name Europe China USA Comment
@ EM Selection Select the reference
@ ODD none v none v none v [pcs] Number of Optical Disk Dr...

Figure4-9: Input for Electromechanicals conponents for the Desktop LCA Calculator Web Tool
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Other Modules

The Power Supply Unian be externalkcharger(MFF and CFFand internal (Mini Tower SFFand Standard Towe).
The selection refers to the power rating of the device. There is a choice&s6¥V and 240W for external PSU and
300w, 500W, and 950W for the external PSUs.

Name Europe China USA Comment
@ WLAN Select if WLAN board is included
@ Antenna Selection Select if Anteanna is included
@ PSU Selection Select the reference
@ Other Electronics Select the reference
@ Packaging Select the reference

Figure4-10: Input for Other Modulesfor the Desktop LCA Calculator Web Tool

Additionaldevices

As shown inFigure4-11 additionalinput devices can be selected. It is possibke selecta keyboard and a mouse.

Name Europe China USA Comment
@ Keyboard Keyboard v Keyboard v Keyboard v Select if Keyboard is included
@ Mouse Mouse v Mouse v Mouse v Select if Mouse is included

Figure4-11: Input for Input devices for the Deskip LCA Calculator Web Tool

Packaging

The dropdown menu ofthe referenceproduct consists ofMFF (Micro Form Factor), Mini Tower, SFF (Small
Form Factor), CFF (Compact Form Factor), Standard Tower (Precision 5820) and Standard Tower (Precision
7820). Figure4-12 shows the open input parametergor Packaging.

Name Europe China USA Comment

@«  Packaging Optiplex 3000 v  Optiplex 3000 v Optiplex 3000 v  Select the reference

Figure4-12: Input for Packaging for theDesktop LCA Calculator Web Tool

4.2.2. Distribution

The distribution stage is split into distribution to country of use and to distribution within country of use. The user
can select the transportation mode by plane, ship, and truck.

Transportation to country buse
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The transportation options for distribution to the country of use are by plane, train and truck. The byidefault
is in kilometers. Figure 4-13 shows the opeén input parameters for Distribution to Country of use.

Name Europe China USA Comment
@ Distance_plane 1950 o] 1050 [km] Transportation distance plane
-3 Distance_ship 17550 0 9450 [km] Transportation distance ship
@ Distance_truck 1600 1600 1600 [km] Transportation distance truck

Figure4-13: Input for Distribution to country of use for theDesktop LCA Calculator Web Tool

Transportation within country of use

Thetransportation options for distributionto the country of use are by plane, train and truck. The uriy default
is in kilometers. Figure 4-14 shows the open input paameters for Distribution within Country of use.

Name Europe China USA Comment
@ Distance_plane 0 o] 0 [km] Transportation distance plane
@ Distance_ship 0 0 0 [km] Transportation distance ship
@ Distance_truck 1060 1600 2600 [km] Transportation distance truck

Figure4-14: Input for Distribution within country of use for theDesktop LCA Calculator Web Tool

4.2.3. Use

For the use phase the user first enters the lifespan @nthe use location of the productRigure4-15). Theuser
can then decide whether to enter use information as a TEC inpligure4-16) or to enter detailed information
about usage scenarios of the productHigure4-17). The user needgo enter one of theoptions but not both.

General

The user can define the lifespan of the product and set the use location for the product. Use locations are,
Europe, China, USA, France, Great Britan and Germany.

Name Europe China USA Comment
@ Lifespan 5 5 5 [years] Life span of the product
@ Use Location Europe v China v USA v Select Use Location

Figure4-15: Input for General use information for theDesktop LCA Calculator Web Tool

TEC

Typical Energy Consumption (TEC)agechnique for evaluating and comparing computer energy performance
that focuses on the average amount of electricity usieby an item while it is operating normally over an extended
period of time.The TEC is used aan Energy Star Program requirement. The TEC is given in the typical annual
energy consumption (kWh/a) of the product.

Name Europe China USA Comment

@ P_TEC 0 0 0 [kWh/a] Annual Typical Energy Consumption (TEC)

Figure4-16: Input for TEC use information for th&esktop LCA Calculator Web Tool
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Detailed

Detailed information is not required if TEC is specified. The detailed information is split up into different usage
modes (long idle, short idle, sleep andff mode). The input for the usage modes is in Kilowatt. User can enter
the time for each usage mode in hours of use.

Name Europe China USA Comment
@ | Long_idle_hr 2.4 2.4 2.4 [hrs] Hours of Long Idle mode per day (0-24)
> Long_idle_mode 0.01263 0.01263 0.01263 [kW] Power Long Idle mode
@ | Off_hr 36 36 36 [hrs] Hours of off mode per day (0-24)
@ | Off_mode 0.0004 0.0004 0.0004 [kW] Power off mode
k-3 Short_idle_hr 72 7.2 72 [hrs] Hours of Short Idle mode per day (0-24)
- 3 Short_idle_mode 0.01469 0.01469 0.01469 [kW] Power Short Idle mode
@ | Sleep_hr 10.8 10.8 10.8 [hrs] Hours of sleep mode per day (0-24)
@ Sleep_mode 0.00176 0.00176 0.00176 [kW] Power sleep mode

Figure4-17: Input for detailed use information for theDesktop LCA Calculator Web Tool

424, Endof-Life

As shown inFigure 4-18 the user can select a reference productMFF (Micro Brm Factor), Mini Tower, SFF
(Small Form Factor), CFF (Compact Form Factor), Standard Tower (Precision 5820) and Standard Tower (Preci-
sion 7820)) to set a base for the inputs for the Endf-Life. Additionally,the collection rate can be adjusted. The
collection rate specifies how much percent of the product is collected for exndife.

Name Europe China USA Comment
@ Eol Selection Select the reference
@ Collection Rate 100 100 100 [%] Collection rate products at ...

Figure4-18: Input for Endof-Life information for the Desktop LCA Calculator Web Tool

425, Results Generation

The Notebook LCA&alculator Web Tool generates Total Carbon Footprint by Life Cycle Stages (excludingfend
life credits) in Pie chart Figure4-19), Bar chart Figure 4-20Figure 3-19) and results table Figure4-21). The
following scenario is assumed for the purpose of demonstrating how the results are presented:
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Scenario Settings Europe China USA Comment
S3 ScenarioSetting§Manufacturing Total 1.71842 1.71842 1.71842 [kg] Total weight of the product
Weight Total_weight (incl. packaging)
S5 ScenarioSetting$Manufacturing Main- MFF MFF MFF Select the reference
board\ Mainboard Selection
S6 ScenarioSetting§Manufacturing Main- 4 4 4 [1,2,4,8,10,12,16] Layer count of
board\ PWB_layer PWB
S7 ScenarioSetting$§Manufacturing Main- 25.6045 25.6045 25.6045 [cm”2] Total package area of Inte-
board\IC_area grated Circuits on Mainboard
S8 ScenarioSettingsManufacturing Main- 273.8925 273.8925 273.8925 [cm~"2] Area of Mainboard
board\ PWB_area
S10 ScenarioSettingsManufacturing RAMRAM  16GB-DDR4 16GB-DDR4 16GB-DDR4 Select the reference
Selection
S11 ScenarioSettingsManufacturing RAM RAM 1 piece 1 piece 1 piece Number of RAM bars
Number of pieces
S12 ScenarioSetting§Manufactur- 8 8 8 [1,2,4,8,10,12,16] Layer count of
ing\RAM PWB_layer PWB
S13 ScenarioSettingsManufactur- 8.86 8.86 8.86 [cm"2] Total IC package area
ing\RAMIC_area
Si4 ScenarioSetting$§Manufactur- 40.1 40.1 40.1 [cm”2] Area of RAM board
ing\RAM PWB_area
S16 ScenarioSettingsManufacturing SSD SSD MFF MFF MFF Select the reference
Selection
S17 ScenarioSettingsManufacturing SSD SSD 1 piece 1 piece 1 piece Number of SSDs
Number of pieces
S18 ScenarioSetting$§Manufactur- 8 8 8 [1,2,4,8,10,12,16] Layer count of
ing\ SSD.PWB_layer PWB
S19 ScenarioSetting$Manufactur- 3.2825 3.2825 3.2825 [cm”2] Total package area of Inte-
ing\SSDIC_area grated Circuits on SSD
S20 ScenarioSetting§Manufactur- 6.6 6.6 6.6 [cm”2] Area of SSD board
ing\ SSDPWB_area
S25  ScenarioSetting§Manufacturing Graphic none none none Select the Graphic Card
Card GPU selection
S26  ScenarioSetting$Manufacturing Graphic 10 10 10 [1,2,4,8,10,12,16] Layer count of
Card PWB_Layer PWB
S27  ScenarioSetting$Manufacturing Graphic 7.45 7.45 7.45 [cm"2] Total IC package area

Card IC_area
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S28  ScenarioSetting$Manufacturing Graphic 92.95 92.95 92.95 [cm~2] Area of Graphic Card
Card PWB_area
S30 ScenarioSetting$§Manufacturings Mechani- MFF MFF MFF Select the reference
cals\ Mechanical Selection
S31  ScenarioSettingsManufacturing Mechani- 0.023 0.023 0.023 [kg] Mass of ABS and P8BS
cals\ Plastic parts
S32  ScenarioSettingsManufacturing Mechani- 0.577 0.577 0.577 [kg] Mass of Steel parts
cals\ Steel Sheet
S33  ScenarioSetting$§Manufacturings Mechani- 0 0 0 [kg] Mass of Aluminium parts
cals\Al_Sheet
S35 ScenarioSetting$§Manufacturing Electro- MFF MFF MFF Select the reference
mechanicald EM Selection
S36 ScenarioSetting§Manufacturing Electro- none none none [pcs] Number of Optical Disk
mechanicald ODD Drives
S38 ScenarioSetting§Manufacturing Other WLAN WLAN WLAN Select the reference
Moduless WLAN
S39 ScenarioSetting§Manufacturing Other Antenna Antenna Antenna Select if WLAN board is included
Modules\ Antenna Selection
$40 ScenarioSetting§Manufacturing Other 65W AC 65W AC 65W AC Select if Anteanna isncluded
Modules\ PSU Selection Adapter Adapter Adapter
A1 ScenarioSetting§Manufacturing Other none none none Select the reference
Modules\ Other Electronics
$42 ScenarioSetting§Manufacturing Other MFF MFF MFF Select if Keyboard is included
Modules\ Packaging
S44  ScenarioSetting§Manufacturing Additional none none none Select if Mouse is included
Deviced Keyboard
S45 ScenarioSetting§Manufacturing Additional none none none Select the reference
Deviced Mouse
S46  ScenarioSetting$Distribution\ Transporta- 1950 0 1050 [km] Distance travelled
tion to Country of UseDistance_plane
S47  ScenarioSetting$Distribution\ Transporta- 17550 0 9450 [km] Distance travelled
tion to Country of UseDistance_ship
S48  ScenarioSetting$Distribution\ Transporta- 1600 1600 1600 [km] Distance travelled
tion to Country of UseDistance_truck
S50 ScenarioSetting$Distribution\ Transporta- 0 0 0 [km] Distance travelled
tion within Country of UseDistance plane
S51  ScenarioSetting$Distribution\ Transporta- 0 0 0 [km] Distance travelled
tion within Country of UseDistance_ship
S52  ScenarioSetting$Distribution\ Transporta- 1060 1600 2600 [km] Distance travelled

tion within Country of UseDistance_truck
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S55 ScenarioSettingsUsa General Lifespan 5 5 5 [years] Life span of the product
S56  ScenarioSettingsUsé General Use Loca- Europe China USA Select Use Location
tion
S58  ScenarioSettings§Usa TEC (direct)P_TEC 0 0 0 [kWh] Annual Total Energ@€on-
sumption (TEC)

S60 ScenarioSettingsUs@ Detailed (not re- 2.4 2.4 2.4 [hrs] Hours of Long Idle mode pel
quired if TEC specified).ong_idle hr day (024)

S61 ScenarioSetting$§Use Detailed (not re- 0.01263 0.01263 0.01263 [kW] Power Long Idle mode

quired if TEGspecified) Long_idle_mode
S62 ScenarioSetting$Usé Detailed (not re- 3.6 3.6 3.6 [hrs] Hours of off mode per day
quired if TEC specified)Off_hr (0-24)
S63 ScenarioSetting$Us@ Detailed (not re- 0.0004 0.0004 0.0004 [kW] Power off mode
quired if TEC specifiedOff mode

S64 ScenarioSettingsUs@ Detailed (not re- 7.2 7.2 7.2 [hrs] Hours of Short Idle mode per
quired if TEC specifiedShort_idle_hr day (0-24)

S65 ScenarioSetting$§Us@ Detailed (not re- 0.01469 0.01469 0.01469 [kW] Power Short Idle mode

quired if TEC specifiedBhort idle_mode
S66 ScenarioSetting$Use Detailed (not re- 10.8 10.8 10.8 [hrs] Hours ofsleep mode per day
quired if TEC specifiedSleep_hr (0-24)

S67 ScenarioSetting$Usé Detailed (not re- 0.00176 0.00176 0.00176 [kW] Power sleep mode
quired if TEC specifiedBleep _mode

S69 ScenarioSetting$§End of Liféa EoL Selection MFF MFF MFF Select the reference

S70 ScenarioSetting$End of Lifé Collection 100 100 100 [%] Collection rate products at

Rate

End-of-Life
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Figure4-19: LCA Calculator Web Tool results generation (pie chart)
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Figure4-20: LCA Calculator Web Tool results generation (bar chart)
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1. Manufacturing 2. Distribution 3.Use 4. End-of-life 5. Credits

Europe 65.595 3.174 106.330 2.222 -35.682
China 65.595 0.425 231.200 2222 -35.682
LUSA 65.595 2.323 147270 2222 -35.682

Figure4-21: LCA Calculator Web Tool results generation (tabfe)

In a detailed view of he carbon footprint of the three scenarios, it shows that the major fraction of the impact is
from the use stage, followed by the manufacturing stag&he main reasorwhy use stage has higher impact is
due to the electricity consumption. Desktopsonsumemore electricity comparedo notebooks.

Depending on the country of use and EoL, the carbon footprint results will be different due to the power grid mix
used in different countries/regions. It is important to note that results will differ, based on difeart parameter
settings.

4.2.6. Report Generation

The LCA Calculator offers the possibility to create a predefined report for a product. An exaraptedetailed
descriptionof the report can be found irchapter 1.

2 All results in the figure refer to kg Ceq..
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Dell Monitor Calculator

5.1. Generalinformation

5.1.1. LCA Calculator Tool

The LCA calculator tool was developed to calculate the LCA results in accordance with ISO 1/4d46or the
Dell Monitors product group.

5.1.2. Goal and scope of the study

The goalof the study is to quality the carbon footprint o& single monitorsystemacross the product life cycle
(cradleto-grave) including the extraction of raw materials, production of components, transportation, use of the
product and endofdife.

5.1.3. Product group description

The product groupin the Dell Monibr calculatorincludes P2419H Monitor, Ultrasharp 24 Monitor- U27200Q,
Ultrasharp 24 Monitor U2422H and Ultrasharp 27 Monitor U2720D. The parametric LCA calculator tool lever-
aged the two monitor models2720Q & P2419H as a reference modelU2422H and 2720D are then built
based uponU2720Qand P2419H. The LCA modetan combine and modify individual modules of the products.

5.1.4. Application area of product group

Dell Monitor Calculator is designed fdnternal and external communication.

5.1.5. Declared unit

The declared unit is one piece of produatith a lifetime of 6 years

5.1.6. Data collection for LCAool set-up

Primary data for the material content of the product were collected using a combinatiorpbbtographs, physica
teardownand BOM that were provided by Dell. During the product teardown, parts and materials were identified,
weighed, and measured. During photograph mapping the same procedure was applied to fégiolution photos
with a dimension reference, togethewith components datasheets and supporting information. The teardown
was conducted on a masgroductionready version of the product provided by Dell. Data on distribution, product
use and end of life were collected and discussed through online communicatiin regular project meetings.
Upon receipt, each questionnaire was crosshecked for completeness and plausibility using mass balance, as
well as internal and external benchmarking. The data were discussed via online communication and in regular
project meetings.

The decision of ICs to be sent for laboratory analysis are based on dimensions (any ICs above 10 x 10 mm) and
the functionality with focus on CMOS, Flash and RAM technology. The larger ICs are sent to a laboratory for
decapsul at i o no révéaliteecaayalmie mize,0dje stacking, identify whether goldbging used as
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bond wire material and to take xays to identify pin count of electrical interconnects (e.g., solder bumps). Deci-
sion basis for the collection of these additional data pois was the understanding, that these ICs potentially
bear a high environmental footprint, resulting in a need to improve the certainty of the results by using a higher
level of granularity in data collection and modelling.

5.1.7. Life Cycle InventonAnalysis

Theweight of eachmain modules of the Dell monitorare summarized inthe following table:

Table5-1: Weight by product module for monitors under investigation

Material/Part P2419H (kg) U2720Q(kg) U2422H (kg) U27230QE(kg)
Electromechanicals 0.27 0.46 0.83 0.83
Keyboard 0.0017 0.0014 0.0088 0.0046
Mainboard 0.031 0.143 0.14 0.21
Display 0.98 1.23 0.68 0.69
Power supply board 0.123 0.33 0.20 0.31
USB board 0.007 0.0098 0.021 0.047
Extension board - 0.033 - 0.023
Mechanicals 3.63 4.44 2.06 3.28
Packaging 1.94 2.72 2.15 2.79
Display (Panel and board) 0.98 1.23 1.09 1.44
Total weight 7.96 10.60 7.18 9.62

5.1.8. System boundary

Dell 6s Notebooks are manufactured and assembled in
in the world (e.g. Europe, US, China) (see following figure). The selection of the country of use needs to be aligned
accordingly (see chapter 3.2)All collected products endip in a mixed endof-life scenario (see chapter 2.5).
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Display Electromechanical Keyboard
U5 Board Packaging Mechanicls

Power supply board

Manufacturing

Figure5-1: Dell Monitor system boundaries

5.2. Monitor LCA Calculator Web Tool

The following sectionshow the structure of the Monitor LCA Calculator Web Todlsercan select one item of
the structure to get thespecified inputfield with different options related to each itemThe structure of the tool,
according to an LCA, consists of manufacturing, distribution, upbase and endofdife. In manufacturing, each
component can be adapted individually, depending on the parameterization. The individual customization op-
tions can be foundn 5.2.1. The customization options for distribution are divided between transportation to the
country of use and transportation in the country of use. The input possibilities can be foun&id.2. In5.2.3 the
user first enters general informatia for the use phase and then has the choice of using the TEC as the vdioe

the use phase or using a detailed description of the use of the product. For the EoL the collection rate and the
base product can be selected as described i5.2.4.

72 of 186



O sphera

v Material Group
v Manufacturing
Total Weight
| Mainboard
Mechanicals (Housing, Stand & Foot)
LCD Panel
Cther Modules

SRR

v Distribution
Transportation to Country of Use
Transportation within Country of Use
v % Use
General
TEC (direct)
Detailed (not required if TEC specified)
End of Life

5.2.1. Manufacturing

The customization options of the manufacturing are based on the components foundhinitors. The depth of
customization depends on the components. The different customization options for the components are shown
below.

Totalweight

Total weight is an open parameter that can be adjusted by changing the maB$ease note that the response of
the model will be changed when the parameters are adjusted. This relates to if the total weight changes without
adjusting the housing, the model assumes that more electronic components are included in the scenario. If the
housing is adjusted but not the total weight, the model assumes that fewer electronic components are included
in the model. In an ideal case, the changes of mass of housing should correspond to the total weight, so that no
automatic scaling of electronic components and housing. An image of the web tool is shownkigure5-2.

MName Europe China USA Comment

E-3 Tot_weight 9.36667 9.36667 9.36667 [kg] Total product weight (incl. packaging)

Figure5-2: Input for Total weight for theMonitor LCA Calculator Web tool

Mainboard

The dropdown menu of the reference product consists of P2419H Monitor, Ultrasharp 24 Monitodd2720Q,
Ultrasharp 24 Monitor U2422H and Ultrasharp 27 Monitor U2720D. The reference product parameter dictates
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the changes in the following parameterPWB layer count, PWB area and IC are&igure5-3 shows the open
input parameters for the Mainboard.

Name Europe China UsA Comment
@ Reference uz2720Q v uz2720Q v uz2720Q v Select the reference product
@ PWB_layer 8 v 8 v 8 v [1,2,4,810,12,18] Layer count of PWB
@ PWB_area 0.0278 0.0278 0.0278 [m*2] Area of Mainboard
@ | IC_area 7.0625 7.0825 7.0825 [cm"2] Total package area of Integrated Circuits on Mainboard

Figure5-3: Input for Motherboard for the Monitor LCACalculator Web Tool

Mechanicals (Housing, Standnd Foot)

This section includes all large mechanicalsf the monitor, which includes housing, stand andbt. Userscan
determine the weight of the plastics and the type of plastiqg®\BS or PC/ABS 50:50) as well as weight of alumi-
num and steelparts. Figure5-4 shows the listof parameters for mechanicals.

MName Europe China USA Comment
@ Plastics 1.24745 1.24745 1.24745 [kg] Mass of plastic parts
- Plastic Type ABS v ABS v ABS v Select plastic type
@ Al_sheet 1.371 1.371 1.371 [kg] Mass of Aluminium parts
@ St_steel 0.9048 0.9049 0.9049 [kg] Mass of Steel sheet

Figure5-4: Input for Mechanicals for the Monitor LCAalculator Web Tool

LCD Panel

The dropdown menu of thereference productconsists of P2419H Monitor, Ultrasharp 24 Monitor U2720Q,
Ultrasharp 24 Monitor U2422H and Ultrasharp 27 Monitor U2720D. Each reference product refers to a differ-
ent screen size. Additionally, the display diagonal and the display ratio can be adjustedure5-5 shows the list
of parameters.

Name Europe China usaA Comment
@ Reference u2720Q v u2720Q \d u2720Q v Select the reference product
&® Display_dia 27 27 27 [in] Display diameter (diagonal)
@ Display Ratio 16:9 v 16:9 v 16:9 v

Figure5-5: Input for Display for the Monitor LCA Calculator Web Tool

Other Modules

Othermodulesin the toolinclude Electromechanical components, Keyboard, Power Sup@gard, USBBoard,

Other electronics, and Packaging where user can select between P2419H Monitor, Ultrasharp 24 Moniter
U2720Q, Ultrasharp 24Monitor- U2422H and Ultrasharp 27 Monitor U2720D. Figure5-6 shows the list of pa-
rameters.
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Name Europe China USA Comment
- Electromechanical Com... u2720Q v U2720Q v U2720Q v Select the reference product
-3 Keyboard u2720Q v u2720Q e Uz2720Q v Select the reference product
k-3 Power Supply Board Uz2720Q v Uz720Q - Uz720Q v Select the reference product
-3 USB-Board u2720Q v u2720Q e Uz2720Q v Select the reference product
- Other Electronics u2720Q v Uz2720Q v U2720Q v Select the reference product
@® Packaging u2720Q v u2720Q e U2720Q v Select the reference product

Figure5-6: Input for Other Modules for the Monitor LCA Calculator Web Tool

5.2.2. Distribution

The distribution stage is split into distribution to country of use and to distribution within country of use. The user
can select the transportation mode by plane, ship, anduck.

Transportation to Country of Use

The transportation options for distribution to the country of use are by plane, train and truck. The byidefault
is in kilometers. Figure 5-7 shows the open input parametersfor Distribution to Country of use.

Name Europe China UsA Comment
@® Distance_plane 1950 0 1050 [km] Transportation distance plane
@® Distance_ship 17550 0 9450 [km] Transportation distance ship
k- Distance_truck 1600 1600 1600 [km] Transpartation distance truck

Figure5-7: Input for Distribution to country of use for the Monitor LC&alculator Web Tool

Transportation within Country of Use

The transportation options for distribution to the country of use are by plane, train and truck. The byidefault
is in kilometers.Figure5-8 shows the open input parametergor Distribution within Country of use.

Name Europe China USA Comment
k-3 Distance_plane o] 0 0 [km] Transportation distance plane
@® Distance_ship o] 0 0 [km] Transportation distance ship
@ | Distance_truck 1060 1600 2600 [km] Transportation distance truck

Figure5-8: Input for Distribution within of use for the Monitor LCACalculator Web Tool

5.2.3. Use

For the use phase, user will first determine the lifespan and the use location of the produgiglire5-9 Figure
3-14). The user can then decide whether to enter use information as a TEC infigj(ire5-10) or to enter detailed
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information on usage scenarios of the producE{gure5-11). The user needs to enter one of the options but not
both.

General

The user can define the lifespan of the product and set the use location for the product. Use locations are,
Europe, ChinalJUSA, France, Great Britan, and Germany.

Name Europe China USA Comment
® Lifespan 6 5] 6 [years] Lifespan of the product
- Use Location Europe v China v UsaA v Select Use Location

Figure5-9: Input for General for the Monitor LCA Calculator Web Tool

TEC (direct)

TypicalEnergy Consumption (TEC) is a technique for evaluating and comparing caiepenergy performance

that focuses on the average amount of electricity used by an item while it is operating normally over an extended
period of time. The TEC is used as an Energy Star Program requirement. The TEC is given in the typical annual
energy @nsumption (kWh/a) of the product.

Name Europe China USA Comment

@* P_TEC 63.815 63.815 63.815 [kWh/a] Annual Typical Energy Consumption (TEC)

Figure5-10: Input for TEC for the Monitor LCA Calculator Web Tool

Detailed

Detailed information is not required if TEC is specified. The detailed informatiors@it up into different usage
modes ©En and standbymode). The input for the usage modeis in Kilowatt. For each mode the user can enter
the time for each usage mode in hours of use.

Name Europe China USA Comment
@® On_hr 1 1 1 [hrs] Hours of Long Idle mode per day (0-24)
k-3 On_mode 1 1 1 [kW] Power Long ldle mode
> Standby_hr 1 1 1 [hrs] Hours of sleep mode per day (0-24)
k-3 Standby_mode 1 1 1 [kW] Power sleep mode

Figure5-11: Input for Detailed settings for the Monitor LCA Calculator Web Tool

5.2.4. Endof-Life

As shown inFigure5-12 the user can select a reference productR2419H Monitor, Ultrasharp 24 Monitor-
U2720Q, Ultrasharp 24 Monitor U2422H and Ultrasharp 27 Monitor U2720D) to set a base for the inputs for
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the Endof-Life. Additionally,the collection rate can be adjusted. The collection rate specifies how much percent
of the product is collected for enebf-ife.

Name Europe China USA Comment
@® Reference uz720Q v U2720Q A uz720Q A Select the reference product
@ Collection Rate 100 100 100 [%] Collection rate products at End-of-Life

Figure5-12: Input for Endof-Life information for the Monitor LCA Calculator Web Tool

5.2.5. Results Generation

The Monitor LCA Calculator Web Togknerates Total Carbon Footprint by Life Cycle Stagésxcluding endof-
life credits) in Pie chariFigure5-13), Bar chart (Figure5-14) and results table(

Figure5-15). The followingscenario is assumed for the purpose of demonstratirtgow the results are presented:
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Scenario Settings USA Comment
S1 Manufacturing
S2 Manufacturing Total Weight
S3 Manufacturing Total WeightTot_weight 9.36667 9.36667 9.36667 [kg] Total product weight (inclpackaging)
S4 Manufacturind Mainboard
S5 Manufacturing Mainboard Reference U2720Q U2720Q U2720Q Select the reference product
S6 Manufacturind Mainboard PWB_layer 8 8 8 [1,2,4,8,10,12,16] Layer count of PWB
S7 Manufacturind Mainboard PWB_area 0.0278 0.0278 0.0278 [m”2] Area of Mainboard
S8 Manufacturing Mainboard IC_area 7.0625 7.0625 7.0625 LcM"2] Total package area of Integrated
Circuits on Mainboard
S9 Manufacturing Mechanicals (Housing, Stand & Foot)
S10 Manufacturing Mechanicals (Housing, Stand & Foafplastics  1.24745 1.24745 1.24745 [kg] Mass of plastic parts
s11 Manufacturing Mechanicalﬁ_ )(/I;gusing, Stand & Fodftplastic ABS ABS ABS Select plastic type
S12  Manufacturing Mechanicals (Housing, Stand & Fod®\l_sheet 1.371 1.371 1.371 [kg] Mass of Aluminium parts
S13  Manufacturing Mechanicals (Housing, Stand & Foatpt_steel 0.9049 0.9049 0.9049 [kg] Mass of Steel sheet
S14 Manufacturing LCD Panel
S15 Manufacturing LCD PanelReference U2720Q U2720Q U2720Q Select the reference product
S16 Manufacturind LCD PanalDisplay_dia 27 27 27 [in] Display diameter (diagonal)
S17 Manufacturing LCD PanealDisplay Ratio 16:9 16:9 16:9
S18 Manufacturing Other Modules
S19 Manufacturing Other Module$ Electromechanical Components U2720Q U2720Q U2720Q Select the reference product
S20 Manufacturing Other Module$ Keyboard U2720Q U2720Q U2720Q Select the reference product
S21 Manufacturind Other Module$ Power Supply Board Uu2720Q U2720Q U2720Q Select the reference product
S22 Manufacturing Other Module§ USBBoard U2720Q U2720Q U2720Q Select the reference product
S23 Manufacturing Other Module$ Other Electronics U2720Q U2720Q U2720Q Select the reference product
S24 Manufacturing Other Module$ Packaging U2720Q U2720Q U2720Q Select the reference product
S25 Distribution
S26 Distribution\ Transportation to Country of Use
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S27  Distribution\ Transportation to Country of Ud®istance_plane 1950 0 1050 [km] Transportation distance plane

S28 Distribution\ Transportation to Country of Ud®istance_ship 17550 0 9450 [km] Transportation distance ship

S29 Distribution\ Transportation to Country of Ud®istance_truck 1600 1600 1600 [km] Transportation distance truck

S30 Distribution\ Transportation within Country of Use

S31 Distribution\ Transportation within Country ofJsé\ Dis- 0 0 0 [km] Transportation distance plane
tance plane

S32 Distribution\ Transportation within Country of Usd®istance_ship 0 0 0 [km] Transportation distance ship

S33 Distribution\ Transportation within Country of Usd®istance_truck 1060 1600 2600 [km] Transportation distance truck

S34 Use

S35 Usea General

S36 Use General Lifespan 6 6 6 [years] Lifespan of the product

S37 Usa General Use Location Europe China USA Select Use Location

S38 Use TEC (direct)

S39 Useé TEC(direct) P_TEC 63.815 63815 63815 LKWhal A””“a'ﬂgp('%'c'z)”ergy Consump

S40 Use Detailed (not required if TEC specified)

S41 Use Detailed (not required if TEC specifiedpn_hr 0 0 0 [hrs] Hours of Longzjill)e modeper day (0

S42 Use Detailed (not required if TEC specifiedpn_mode 0 0 0 [kW] Power Long Idle mode

S43 UsA Detailed (not required if TEC specifiedytandby_hr 0 0 0 [hrs] Hours ofsleep modeper day (024)

S44 Use Detailed (not required ifTEC specified)Standby_mode 0 0 0 [kW] Power sleep mode

S45 End of Life

S46 End of Lifa Reference U2720Q U2720Q U2720Q Select the reference product

S47 End of Lifa Collection Rate 100 100 100 [%] Collection rate products at Endf-Life
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Figure5-13: Pie chart showing Total Carbon Footprint by Life Cycle Stage in the Monitor LCA Calculator
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Figure5-14: Bar graph showing Carbon Footprirtty Life Cycle Stage in the Monitor LCA Calculator
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1. Manufacturing 2. Distribution 3.Use 4.End-of-life 5. Credits

Europe 127.030 17.302 142,520  5.812 -26.851
China 127.030 2.318 310,830  5.812 -26.851
UsA 127.030 12.661 197.400  5.6812 -26.851

Figure5-15: LCA Calculator Web Tool results generation (tab&)

In a detailed viewof the carbon footprint of the three scenarios, it shows that the major fraction of the impact is
from the manufacturing stage, followed by the use stage. Depending on the country of use and EoL, the carbon
footprint results will be different due to the pwer grid mix used in different countries/regions. It is important to
note that results will differ, based on different parameter settings.

5.2.6. Report Generation

The LCA Calculator offers the possibility to create a predefined report for a productefampleand detailed
descriptionof the report can be found irchapter 1.

3 All results in the figure refer to kg Ceq..
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6. Workflow LCA ools& Data Collection /

Upload

The followingsection describes theprocess flow for the usage of the LG&ols. In addition, thissection contains
guidance on thedata collectionand upload

6.1. Workflow LCATools

Dell created a holisticstandard process flow for product carbon footprint calculations based on the LCA Calcu-
lators. The document includes all necessary steps anduidance br the calculation procedurefrom the data
collection to theexternalpublication of the LCA reports. The most recent version and a detailed description can
be found in D e | Data<ollection sheets (ENV0458 A03)The following chapter focuses on theworkflow in

S p h e soéiviare LCA Calculatar

An overview is shown in the following figure.

Sphera’s LCA Calculator o
[

(]

|
|
[ ] | 4 ® o ®
, o - - - —
Data 1 M;dfgg‘g Calculate Submit to Verifying Internal External
collection | Calculator results review publication publication

|

|

|

® _ .
P8 Internal Reviewer

Figure6-1: Workflow LCA Calculator

Dell hasmultiple accounts for the welbased LCAtools, with twodifferent roles. User and Internal reviewer. Both
have different user rights andlifferent responsibilities.Once the compliance teanof Dellreceives the populated
data collection sheets (ENV0458 template) from the ODMs/Supplierthey will save a copy ofhe populated
data collection sheet. Then, the compliance personng@lser)will upload the populated data collection template
into the LCA Calculator tool and save iih a predefinedformat (see LCA Calculator Tool User Guide for more
information). Aftervards, the usercalculates the results and subm# them for an internal review The internal
reviewer of Dell receivest in his/her account. The internal reviewwill check the plausibility of the calculated
results and consistency to previouseports. Depeanding on the outcomes of the review, the internal reviewer can
either send the reportback to the userto refine the dataor publish the report within thesoftware. After success-
ful internal publication the report can be downloaded and used in other systes.
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6.2. Data Collection& Upload

Dell provides an excetbased data collection templateto their ODM/suppliersto collect most of the required

information. Dell assigned arole (Dell PCF SMBp check the incoming datafinish the data collection and up-

loads the excel workbook to the LGAools A full overview of theprocess is provided in DelLCAPCFQuality

AssuranceDocument.The uploadenables a fast integration of the information into the software, sinaxcel files

can be directly uploaded.The previous sections showedind explainedthe required parametes for each LCA
tool individually. In additionD e | UCA €alculator Tool User Gui@dad Data collection sheets (ENV0458 A03)
contain default values and defines responsibiliéis for the individual data pointsThere are 3 different parameter
typeswith different requirements to the format in the data collection sheet.

1. Text variable (text input fields)are used to add specific information to the repoguch as product name,
author, or report date. These parameters have no impact on th€ A calculation and have no restriction
to the format. They are automatically inserted into the LCA report.

2. Text variables (scenario settingskfer to specific prodict design optiors, that are non-continuous vari-
ables. An example is the layer count dhe printed wiring board of the mainboard. Thigarameter has
to be either"1", "2", "4", "6", "8", "10", "12", or"16". The variables of this type have impacts on the LCA
results asthey change settings in the model The input values in the excel template have toe identical
to one of the design options Otherwise, itcannot be uploaded to LCA Calculator (seBigure6-2). To
help the user, the excel files contain information on the range of the values, listing the options for each
text variable individually.

3. Numeric variable(scenario settings)re continuous variables. They are used to specifproperties of the
product that camot be grouped indesign options, An example is the total weight of the product (incl.
packaging. There are no restrictionsegarding the range of the value, but it has be a number. These
parameters have impacts on the LChesults as they change settings in the model.

Once the data collection template is completely filled out, the file can be uploadéfithe values does nomatch
the required format, theimport stops and the user receives an error messageigure6-2 shows an example.

Cannot upload Excel spreadsheet.

InvalidReportParameterType. Value 'Test' (spreadsheet cell '[Book1]LCA
Calculator Parameters'|D22) cannat be used as a number.

| Name Last Modified Status
~ 3 Home
~ 2 Noel
» &3 Archive
» &7 Envision Tool
B LcA Calculator Notebook LC_ 2023 07... Noel Ulirich Aug 29, 2023 [ inwork |

[E LCA Calculator Notebook _LC_ 2023_07... Noel Ullrich Aug 29, 2023

Figure6-2: Example of Import error message

The described feature of the software ensures thatll parameters of the models are specified. Furthermore, it

helps to identify gaps andnistakes in the data collection. The messagcludes information, which value can

not be imported andindicates the reason why it wagot possible to import it.(In the shownexample 0 Test 6 as
text variable has been entered foa numeric parameter) Additionally the error message points outvhere the

wrong value is located in the excel file (herepreads heet OLCA Cal c otehDd28)rwhdhaelpsa met er s
to made correction
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Further guidance on the data collection can be found in:

1 Data collection sheets (
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1 Annex D1: EN0458 A03)
D e | UCA Galculator Tool User Guide
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1 Annex 2: LCA Calculator Tool User Guide
1 Dell LCAPCF QualitAssurance DocumentAnnex D3:Dell LCAPCFQuality Assurance Proce$s
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Annex ACritical Review Statement

Critical Review Statement

Dell LCA Calculator

Commissioned by: Dell Technologies Inc.

Conducted by: Sphera
Reviewed by: Prof. Colin Fitzpatrick, University aimerick, Ireland
Reference: ISO 14040 (2006): Environmental Managemend Life Cycle Assess-

ment- Principles and Framework

ISO 14044 (2006): Environmental Managemend Life Cycle Assess-
ment & Requirements and Guidelines

ISO/TS 14071 (2014): EnvironmentaManagementd Life Cycle Assess-
ment- Critical Review Processes and reviewer competencies: Additional
requirements and guidelines to ISO 14044:2006

Scope of the critical review

The reviewer had the task to assess whether

T

= =4 -4 -4 8 -

The methods used tayenerate the LCA reports in the Dell LCA Calculator are con-
sistent with the international standards ISO 14040, ISO 14044 and 1SO 14021
The methods used to carry out the LCA are scientifically and technically valid

The data used are appropriate and reasonddin relation to the goal of the study
The interpretations reflect the limitations identified and the goal of the study

The study report is transparent and consistent

The results generated by the Dell LCA Calculator are reproducible

The internalquality assurance procedures and verification is consistent.
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The critical review was performed concurrently with the studyhe results are intended for
disclosure to the public and are not intended for direct comparative assertions.

The calculator scopas for notebooks, desktops and monitors

The analysis and verification of individual datasets is outside the scope of this review.

The review process

The review process was cordinated by Sphera and it included a series of trilateral calls be-
tween Sphera Dell and the Critical Reviewer commencing orf&ugust 2023 and continuing
bi-weekly until December 2023. A series of tasks was identified to be completed to satisfy the
critical review and these were worked through systematically. The entire processvbych the
LCA reports are generated was demonstrated in a highly systematic, detailed and professional
manner. The team was very willing to discuss all aspects of the data collection, checking and
all models in a comprehensive manner.

General Evaluation

The goal and scope of the assessments created by the tool are defined unambiguously. The
functional unit is clearly defined and measurable. The system boundary appropriately includes
all major life cycle stages from production, distribution, use through émd of life.

The input data is collected by Dell from their suppliers using purposely developed templates
and Energy Star certifications. The method and process by which data is collected and in-
putted to the Calculator was explained in detail. The indivdls and teams responsible for
compiling each of these reports are clearly identified. The process of quality assurance and
verification of the data collected was also presented and deemed to be satisfactory. Any major
assumptions which had a significant &aring on the results including electricity mixes,
transport routes and end of life outcomes are well justified.

The model which is the engine behind the Calculator was explained in detail. The life cycle
impact assessment is performed to a high standardna includes all mandatory elements and

all aspects of this are judged to be scientifically and technically valid. The life cycle interpre-
tation is adequate.

The products chosen to demonstrate the system were amongst a wide variety of the best
selling products in different product categories and checks.

The calculator was calibrated against detailed teardowns and showed a very high level of
agreement in the results.
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Conclusion

The study has been carried out in full conformity with ISO 14040 and 1SO 14044d has
undergone third party review. The critical reviewer found the overall quality and rigour of the
methodology and its execution to be very adequate for the purposes of this study.

Colin Fitzpatrick
1st December 2023

Reviewer Credentials

Colin Rtzpatrick is a Professor in the Department of Electronic & Computer Engineering at the
University of Limerick, Ireland. He has been active in research in the area of electronics and
the environment for almost 20 years and has published widely in this fieHis most prominent
work in LCA has been in the area of evaluation of environmental impacts of repurposing of IT
equipment and in the reuse of large household appliances. He has taught LCA as part of
courses at the University of Limerick since 2004.

For further information seehttps://www.linkedin.com/in/colin fitzpatrick-h522222a/
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Annex BLCA Managed Content and Data Quality

Annex B1: List of datasets used in models

Reference Technological rep- Time representa- Geographical rep-

Object name

resentativeness tiveness resentativeness

CH: Electricity grid mix Sphera 2019 Good VeryGood Good

CN: Aluminium sheet Sphera 2022 Good Very Good Good

CN: BF Steel hillet / slab/ bloom Sphera <pgg> 2022 Good Very Good Good

CN: Copper sheet Sphera 2022 Fair Very Good Fair

CN: Copper wire (0.06 mm) Sphera 2022 Good Very Good Very Good
CN: Diesel mix at refinery Sphera 2019 Good Very Good Good

CN: Electricity grid mix Sphera 2019 Good Very Good Good

CN: Electricity grid mix Sphera 2019 Good Very Good Good

CN: Lithiumion LCO (LiCo02) battery cell, 100g Sphera 2022 Good Very Good Good

CN: Lubricants at refinery Sphera 2019 Good Very Good Good

CN: Magnesium Sphera 2022 Very Good Very Good Very Good
CN: Magnet Nd~eDyB Sphera 2022 Good Very Good Good

CN: Polycarbonate granulate (PC) Sphera 2022 Good Very Good Good
CN:Polyethylene high density granulate (HDPE/PHD) Sphera 2021 Good Very Good Very Good
gngeF:glyethylene low density granulate (LDPE/PB) (approximation) 2022 Good Very Good Good

CN: Polystyrene Granulate (PS) (approximation) Sphera 2021 VeryGood Very Good Very Good
CN: Polyvinyl chloride granulate 4V C) mix Sphera 2022 Good Very Good Good

CN: Tap water from groundwater Sphera 2022 Good Very Good Very Good
CN: Thermal energy from LPG Sphera 2019 Good Very Good Good

CN: Thermaknergy from natural gas Sphera 2019 Good Very Good Good
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DE: Acrylonitrildbutadienestyrene granulate (ABS) mix Sphera 2022 Very Good Very Good Very Good
DE: Aluminium cast part machining (standard) Sphera <o> 2022 Good Very Good Very Good
DE:Aluminium diecast part Sphera <uso> 2022 Good Very Good Very Good
DE: Aluminium fluoride Sphera 2022 Good Very Good Good

DE: Aluminium ingot mix Sphera 2022 Good Very Good Good

DE: Ammonium chloride (Salmiac, Solvg@yocess) Sphera 2022 Fair VeryGood Very Good
DE: BF Steel billet / slab / bloom Sphera <pgg> 2022 Very Good Very Good Very Good
g:)ih eCr:Icium hydroxide (Ca(OH)2; dry; slaked lime) (EN15804A%) 2022 Good Very Good Good

DE: Copper sheet Sphera 2022 Good Very Good Good

DE: Copper wire (0.06 mm) Sphera 2022 Good Very Good Very Good
DE: Copper wire (0.06 mm) Sphera <ap> 2022 Good Very Good Very Good
DE: EAF Steel billet / slab / bloom Sphera <@gg> 2022 Very Good Very Good Very Good
DE: Elastomer joint tapesilicone rubber (EN15804 A3A3) Sphera 2022 Good Very Good Good

DE: Electricity grid mix Sphera 2019 Good Very Good Good

DE: Epoxy Resin (EP) Sphera 2022 Very Good Very Good Very Good
DE: Fan HDD (120X25mm, PWM) Sphera 2022 Good Very Good Good
DE:Fan PSU (78X25mm, not PWM) Sphera 2022 Good Very Good Good
2§Q>lemg material screws stainless steel (EN15804 AB) Sphera <p 2022 Good Very Good Good

DE: Glass fibres Sphera 2022 Good Very Good Good

DE: Hydrochloric acid (32%) Sphera 2022 Very Good Very Good Very Good
DE: Isopropanol Sphera 2022 Good Very Good Very Good
DE: Lead frame Sphera 2022 Fair Very Good Good

DE: Liquid Crystalline Polymer with 30% glass fiber (LCP) Sphera 2022 Very Good Very Good Very Good
DE: Magnesiundie-cast part Sphera <uso> 2022 Good Very Good Very Good
DE: Magnet NeFeDyB Sphera 2022 Good Very Good Good

DE: Natural rubber (NR) (excl. LUC emissions) Sphera 2022 Fair Fair Fair

DE: Natural rubber (NR) (incl. LUC emissions) Sphera 2022 Fair Fair Fair

DE: Nitric acid (60%) Sphera 2022 Good Very Good Very Good
DE: Polyamide 6 granulate (PA 6) Sphera 2022 Very Good Very Good Very Good
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DE: Polyamide 6.6 granulate (PA 6.6) mix Sphera 2022 Very Good Very Good Very Good
DE:Polybutylene terephthalate granulate (PBT) mix Sphera 2022 Very Good Very Good Very Good
DE: Polycarbonate granulate (PC) Sphera 2022 Good Very Good Very Good
DE: Polyether polyol Sphera 2022 Good Very Good Very Good
DE: Polyethylene Film (RED)without additives Sphera 2022 Good Very Good Very Good
DE: Polyethylene Film (FED) without additives Sphera 2022 Good Very Good Very Good
DE: Polyethylene linear low density granulate (LLDPEARED) Sphera 2022 Very Good Very Good Very Good
DE:Polyethylene terephthalate granulate (PET via DMT) Sphera 2022 Good Very Good Very Good
DE: Polymethyl methacrylate granulate (PMMA) Sphera 2022 Good Very Good Very Good
(I?D%/Egllgﬁ;?q_)galea Ilg(e)t)hqus(ngp;:]r:glene diene elastomer granulate 2022 Good Very Good Very Good
DE: Polypropylene Film (PP) without additives Sphera 2022 Good Very Good Very Good
DE: Polypropylene granulate (PP) mix Sphera 2022 Very Good Very Good Very Good
DE: Polypropylene granulate (PBphera 2022 Very Good Very Good Very Good
DE: Polystyrene granulate (PS) mix Sphera 2022 Very Good Very Good Very Good
DE: Polystyrene high impact granulate @R5) mix Sphera 2022 Very Good Very Good Very Good
DE:Polytetrafluoroethylene granulate (PTFE) Sphera 2022 Very Good Very Good Very Good
DE: Polyurethane flexible foam (PU) Sphera-so> 2022 Good Very Good Very Good
DE: Polyvinyl chloride foam (PVC) Sphera 2021 Very Good Very Good Very Good
DE:Polyvinyl chloride granulate @VC) mix Sphera 2022 Very Good Very Good Very Good
Elgﬁrggﬁ:earfg ;;ggid wiring board (after ROHS) in waste incineration 2022 Good Very Good Very Good
DE: PVC adhesive (approximation) Sphera 2022 Good Very Good Good

DE: PVC part (injection moulding) Sphera 2022 Good Very Good Very Good
EOES:"ilrl]lgg)ng ;|rlllédr: (highly viscous) / polydimethyilsiloxanes (from orga- 2022 Good Very Good Very Good
DE: Silicone rubber (R, condensation) Sphera 2022 Good Very Good Very Good
gsh eSrgldlum hydroxide (from chlorirglkali electrolysis, diaphragm) 2022 Good Very Good Good

DE: Steel cold rolled coil <1,5mm Sphera <pgg> 2022 Very Good Very Good Very Good
DE: Steel coldolled coil 1,5 mm Sphera <pgg> 2022 Very Good Very Good Very Good
DE: Steel screw (hardened and galvanized) Sphera-agg> 2022 Good Very Good Good
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DE: Steel wire rod Sphera <pgg> 2022 Very Good Very Good Very Good
DE: Thermal energy fromatural gas Sphera 2019 Good Very Good Good

DE: Toluene diisocyanate (TDI)-pyoduct toluene diamine (TDA), hydro-

chloric acid (phosgenation) Sphera 2022 Very Good Very Good Very Good
DE: Value of Scrap Sphera 2022 Good Very Good Good

DE: Wastdncineration (plastics) Sphera <mgg> 2022 Good Very Good Very Good
DE: Water (desalinated; deionised) Sphera 2022 Good Very Good Very Good
DE: White raw phosphorus (incl. sinter) Sphera 2022 Very Good Very Good Very Good
DE: Zing(remelting) Sphera <gagg> 2022 Good Very Good Good
EU28+EFTA: Aluminium refining: casting alloy ingot from scrap (2010)

European Aluminium <ggg> 2011 Very Good Very Good Very Good
EU28+EFTA: Primary aluminium production ingot mix Europe (2015 on

produced in Europe) European Aluminium 2015 Very Good Very Good Very Good
FR: Electricity grid mix Sphera 2019 Good Very Good Good

GB: Electricity grid mix Sphera 2019 Good Very Good Good
GLO: Alkaline celLR series (AA) Sphera 2022 Good VeryGood Good
GLO: Assembly line SMD (1SP, 2CS, 1CP, 1R, 1Rf) throughput 360/h

open input printed circuit board Sphera <@gg> 2022 Good Very Good Good
GLO: Assembl_y line '!'HT_/SMD (1TP,1SP,1CS,1WO,1Rf) throughput 3C 2022 Good Very Good Good

- open input printed circuitboard Sphera <pagg>

GLO: Backlight Assembly (without LEDs) (Mass per Framelength) Sph¢ 2022 Good Very Good Very Good
GLO: Backlight Assembly Sheets (Mass per Cell Area) Sphera 2022 Fair Very Good Very Good
GLO: Bare digixel control chip(s) 3X20X0.1 Sphera 2022 Good Very Good Good
GLO: Bulk commodity carrier, 1.000 to 250.000 dwt payload capacity,

deep sea Sphera <ts0> 2022 Very Good Very Good Very Good
GLO: Cable 1@ore data ribbon 28AWG PE (25 g/m) 12.7x0.8phera 2022 Very Good Very Good Very Good
GLO: Cable 1@ore data ribbon 28AWG PVC (25 g/m) 12.7x0.9 Sphera 2022 Very Good Very Good Very Good
GLO: Cable Tore power 18AWG PVC (16 g/m) D2.9 Sphera 2022 Good Very Good Good
GLO: Cable Lore signal24AWG PVC (4.5 g/m) D1.4 Sphera 2022 Good Very Good Good
S;I)_r?e:rgable 2ore mains power 10A/13A 16AWG mPPE (60 g/m) D6.3 2022 Good Very Good Good
(S;;I)_r%rgable fore mains power 10A/13A 16AWG PVC (100 g/m) D8 2022 Good Very Good Good
GLO:Cable USB2.0 28AWG PE/PVC (18 g/m) D4.2 Sphera 2022 Good Very Good Good
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GLO: Capacitor Adapacitor axial THT (21g) D21x40 Sphera 2022 Very Good Very Good Good
GLO: Capacitor Alapacitor axial THT (300mg) D3.3x11 Sphera 2022 Very Good Very Good Good
GLO: Capacitor Alapacitor axial THT (6g) D14x25 Sphera 2022 Very Good Very Good Good
GLO: Capacitor Adapacitor radial THT (110mg) D3x5 Sphera 2022 Very Good Very Good Good
GLO: Capacitor Alapacitor radial THT (15.41g) D18x41 Sphera 2022 VeryGood Very Good Good
GLO: Capacitor Adapacitor radial THT (5.65g) D12.5x30 Sphera 2022 Very Good Very Good Good
GLO: Capacitor Alapacitor SMD (1.29g) D10x10.2 Sphera 2022 Good Very Good Good
GLO: Capacitor Adapacitor SMD (2.54g)D12.5x13.5 Sphera 2022 Good Very Good Good
GLO: Capacitor Adapacitor SMD (300mg) D6.3x5.4 Sphera 2022 Good Very Good Good
GLO: Capacitor Alapacitor SMD (5.01g) D16x16.5 Sphera 2022 Good Very Good Good
GLO: Capacitor Adapacitor SMD (7.89gD18x21.5 Sphera 2022 Good Very Good Good
GLO: Capacitor Alapacitor SMD (80mg) D3x5.4 Sphera 2022 Good Very Good Good
(SBFI)_r(])e:r;:apacnor Aluminium screw terminal (220g) D 51.6 x 75 mm 2022 Good Very Good Good
(Ssé_r(])e:rgapacnor Aluminium scretgrminal (400g) D 64.3 x 96 mm 2022 Good Very Good Good
GLO: Capacitor Ceramic MLCC 01005 (0.054mg) 0.4x0.2x0.22 (Base

Metals) Sphera 2022 Good Very Good Good
GLO: Capacitor ceramic MLCC 01005 (0.054mg) 0.4x0.2x0.22 (Preciot

Metals) Sphera 2022 Good Very Good Good
(SBFI)_r(])e:rgapacnor ceramic MLCC 0201 (0.17mg) 0.6x0.3x0.3 (Base Meta 2022 Good Very Good Good
GLO: Capacitor ceramic MLCC 0201 (0.17mg) 0.6x0.3x0.3 (Precious

Metals) Sphera 2022 Good Very Good Good
(SB:)_r(])e:rgapaC|toceram|c MLCC 0603 (6mg) 1.6x0.8x0.8 (Base Metals) 2022 Good Very Good Good
;;IIS_)OS F():ha:eprz;mtor ceramic MLCC 0603 (6mg) 1.6x0.8x0.8 (Precious Met- 2022 Good Very Good Good
(SB‘I)_r(‘)e:rgapacnor ceramic MLCC 1210 (50mg) 3.2x2.5x1.6 (Basetals) 2022 Good Very Good Good
;;Ils_)os gihaeprgcltor ceramic MLCC 1210 (50mg) 3.2x2.5x1.6 (Precious Me 2022 Good Very Good Good
(SB‘I)_r(‘)e:rgapacnor ceramic MLCC 2220 (450mg) 5.7x5x2.5 (Base Metals) 2022 Good Very Good Good
GLO:Capacitor ceramic MLCC 2220 (450mg) 5.7x5x2.5 (Precious Met- 2022 Good Very Good Good

als) Sphera
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GLO: Capacitor filneapacitor boxed RM15 (3.2g) 17.7x10x16.5 Sphera 2022 Good Very Good Good
GLO: Capacitor filnecapacitor boxed RM27.5 (20.4gB81x21x31 Sphera 2022 Good Very Good Good
GLO: Capacitor filneapacitor boxed RM5 (600mg) 7.2x6x11 Sphera 2022 Good Very Good Good
GLO: Capacitor filseapacitor unboxed RM15 (2.6g) 15x7x12 Sphera 2022 Good Very Good Good
(SBFI)_;)érgapacnoﬁlm-capacnor unboxed RM27.5 (11g) 27.5x11x17.5 2022 Good Very Good Good
grlj_r(])e.rgapacnor fileapacitor unboxed RM7.5 (150mg) 7.5x1.5x6.0 2022 Good Very Good Good
GLO: Capacitor tantal SMD E (500mg) 7.3x4.3x4.1 Sphera 2022 Good VeryGood Good
GLO: Capacitor tantal SMD Y (25mg) 3.2x1.6x1.6 Sphera 2022 Good Very Good Good
GLO: Capacitor tantal SMD Z (8mg) 2x1.25x1.2 Sphera 2022 Good Very Good Good
GLO: Cargo plane, 113 t payload Sphera s0> 2022 Very Good Very Good Very Good
GLO: Cargo plane, 22 t payload Sphera-so> 2022 Very Good Very Good Very Good
GLO: Coil miniature wound SDR0302 (81mg) D3x2.5 Sphera 2022 Good Very Good Good
GLO: Coil miniature wound SDR1006 (1.16g) D9.8x5.8 Sphera 2022 Good Very Good Good
GLO:Coil miniature wound SRP1040 (2.652¢g) D11.8x4.2 Sphera 2022 Good Very Good Good
GLO: Coil miniature wound SRR0804 (580mg) D10.5x3.8 Sphera 2022 Good Very Good Good
GLO: Coil miniature wound SRR1806 (3.12g) D18.3x6.8 Sphera 2022 Good Very Good Good
GLO: Coil multilayer chip 0402 (1mg) 1x0.5x0.5 Sphera 2022 Good Very Good Good
GLO: Coil multilayer chip 1812 (108mg) 4.5x3.2x1.5 Sphera 2022 Good Very Good Good
GLO: Coil quagthokes (2.5g) 14.5x13.3x8.0 Sphera 2022 Good Very Good Good
GLO: Coircell (Li/Polycarbonmonofluoride- RB0.8; RS0.65) Sphera 2022 Good Very Good Good
GLO: Components mixer (modified) Sphera-so> 2020 Good Very Good Good
GLO: Components mixer Sphera «0> 2022 Good Very Good Good
GLO: Compounding (plastic§phera <uso> 2022 Good Very Good Very Good
GLO: Compressed air 7 bar (low power consumption) Spherascor 2019 Good Very Good Good
GLO: Compressed air 7 bar (medium power consumption) Spheraseer 2019 Good Very Good Good
GLO: Connector audio TRB5mm socket (800mg) (goldplated) Sphera 2022 Good Very Good Good
GLO: Connector audio TRS 3.5mm socket (800mg) (sikpdated) Sphera 2021 Good Very Good Good
GLO: Connector boarb-board 0.4mm-pitch SMD 60pin plug (25mg) 2022 Good Very Good Good

15x2.6x1.0mm Sphera
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GLO: Connector boartb-board 0.4mmpitch SMD 60pin socket (56mg)

15x2.6x1.0mm Sphera 2022 Good Very Good Good
GLO: Connector Cinch female (15 g, 1 pin, gold platedased on para-

metric plan model Sphera 2022 Good Very Good Good
GLO: Connector coaxial micminiature W.FL SMD plug (18.6mg)

2.0x3.7x1.15mm Sphera 2022 Good Very Good Good
GLO: Connector coaxial micriniature W.FL SMD socket (5.6mg)

1.7x1.7x0.85mm Sphera 2022 Good Very Good Good
GLO: Connector DC powé&male (2 g, 1 pin)- based on parametric plan

model Sphera 2022 Good Very Good Good
(SBFI)_r(])e:r;:onnector Bub DE15 (VGA) 15in socket (8.49) (goleblated) 2022 Good Very Good Good
GLO: Connector Bub DE9 (RS232/serial) 9 -pin socket (7.2g)(gold

plated) Sphera 2022 Good Very Good Good
GLO: Connector HDMI Typel9pin plug (7.8g) (goleblated) Sphera 2022 Good Very Good Good
GLO: Connector HDMI Typel9pin socket (2.09) (goleplated) Sphera 2022 Good Very Good Good
GLO:Connector IC singleow (2 g, 10 pins)- based on parametric plan 2022 Good Very Good Good
model Sphera

GLO: Connector IC singtew (2 g, 10 pins, gold plated) based on para-

metric plan model Sphera 2022 Good Very Good Good
GLO: Connector IDEocket (5 g, 40 pins, gold plated) based on para-

metric plan model Sphera 2021 Good Very Good Good
GLO: Connector IEGD320-C13 female (28,5 g, 3 pins) based on para-

metric plan model Sphera 2021 Good Very Good Good
GLO: ConnectolEG60320-C14 male (9,1 g, 3 pins) based on paramet-

ric plan model Sphera 2022 Good Very Good Good
GLO: Connector IEGD320-C5 female (16,8 g, 3 pins) based on para-

metric plan model Sphera 2022 Good Very Good Good
GLO: ConnectolEG60320-C6 male (5,5 g, 3 pins) based on parametric

plan model Sphera 2022 Good Very Good Good
GLO: Connector NEMA type B (27,7 g, 3 pinbased on parametric plan 2022 Good Very Good Good
model Sphera

GLO: Connector PAFAased onparametric plan model Sphera 2022 Good Very Good Good
GLO: Connector PCI (2,6 g, 72 pins, gold platediased on parametric

plan model Sphera 2022 Good Very Good Good
GLO: Connector power AC mains Euro/Schuko T¥pEEE 7/16 2pin 2021 Good Very Good Good
plug (15g)Sphera

GLO: Connector power AC mains Euro/Schuko TYpEEE 7/7 3pin plug 2021 Good Very Good Good

(39.99) Sphera
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GLO: Connector power AC mains NEMA F2pin plug (19.2g) Sphera 2022 Good Very Good Good
GLO:Connector power AC mains NEMA TyBe&-pin plug (27.7g) Sphera 2022 Good Very Good Good
GLO: Connector power DC circular plug (2.9g) Sphera 2022 Good Very Good Good
GLO: Connector power DC circular socket (2g) Sphera 2022 Good Very Good Good
GLO:Connector power IE®€0320-C13 3pin plug (28.5g) Sphera 2022 Good Very Good Good
GLO: Connector power |ED320-C14 3pin socket (10g) Sphera 2022 Good Very Good Good
GLO: Connector power IE§D320-C5 3ypin plug (17.2g) Sphera 2022 Good Very Good Good
GLO: Connector power IED320-C6 3pin socket (5.5g) Sphera 2022 Good Very Good Good
(SBFI)_r(])e:r;:onnector RJ45/8P8C ethernetin socket (2.5g) (goleblated) 2022 Good Very Good Good
GLO: Connector RJ45/8P8C ethernet EMI/RFI shieldegih socket

(3.69) (goldplated) Sphera 2022 Good Very Good Good
GLO: Connector-3TA (2 g, 7 pins, gold plated)ased on parametric

plan model Sphera 2022 Good Very Good Good
GLO: Connector SATA 7 + 15 (3n) plug (1.49) (goleplated) Sphera 2022 Good Very Good Good
GLO: Connector SATA/SABased on parametric plan model Sphera 2022 Good Very Good Good
(Ssrlj_r(])e:rgonnector SD card micro THT/SMD socket (600mg) 14x16x1.7m 2022 Good Very Good Good
(SBFI)_r(])e:r;:onnector SIM card mini THT/SMbDcket (1.1g) 26x18x1.8mm 2022 Good Very Good Good
GLO: Connector Steck Klemme Leiste (3 g, 2 pinf)ased on parametric

plan model Sphera 2022 Good Very Good Good
GLO: Connector Steck Rck Einpress Male (4,2 g, 55 pins, gold plated)

based onparametric plan model Sphera 2022 Good Very Good Good
GLO: Connector TRS 2,5 female (10 g, 1 pitfjased on parametric plan

model Sphera 2022 Good Very Good Good
GLO: Connector TRS 3,5 female (15 g, 1 pirthased on parametric plan

model Sphera 2022 Good Very Good Good
GLO: _Connector TRS 3,5 female (15 g, 1 pin, gold platebased on par- 2021 Good Very Good Good
ametric plan model Sphera

GLO_: Connector USB micro (2,5 g, 4 pins, gold platetiased on para- 2022 Good Very Good Good
metric plan model Sphera

GLO: Connector USB mic#B THT/SMD 5in socket (260mg)

7.5x5.0x2.5mm Sphera 2022 Good Very Good Good
GLO: Connector USB minifiin socket (760mg) (goleplated) Sphera 2022 Good Very Good Good
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GLO: Connector USB type A (1,6 gpihs, gold plated) based on para-

metric plan model Sphera 2022 Good Very Good Good
GLO: Connector USB Type4pin plug (9.2g) (goleplated)

36x12x4.5mm Sphera 2022 Good Very Good Good
GLO: Connector USB Typedpin socket (2.1g)(goldplated) Sphera 2022 Good Very Good Good
GLO: Connector USB Tyie4-pin plug (10.2g) (goleplated) Sphera 2021 Good Very Good Good
GLO: Connector USB Tyfe4pin socket (2.8g) (goleplated) Sphera 2022 Good Very Good Good
GLO: Connectowireto-board IDC 2.54mmpitch 2x10 (20-pin) cable

mounted socket (3.3g) (goleplated) Sphera 2022 Good Very Good Good
GLO: Connector wirm-board IDC 2.54mmpitch 2x10 (20-pin) cable

mounted socket (3.3g) (tiplated) Sphera 2022 Good Very Good Good
GLO: Connector wire-board pinheader 2.54mmpitch 2x10 (20-pin)

(1.3g) (goldplated) Sphera 2022 Good Very Good Good
GLO: Connector wirtp-board pinheader 2.54mm-pitch 2x10 (20-pin)

(1.3g) (tinplated) Sphera 2022 Good Very Good Good
GLO:Container ship, 5.000 to 200.000 dwt payload capacity, deep sea

Sphera <uso> 2022 Very Good Very Good Very Good
GLO: Copper mix (99,999% from electrolysis) Sphera 2022 Good Very Good Good
GLO: Detergent (fatty acid sulphonate derivate) Sphera 2022 Poor Fair Poor
GLO: Diode MELF (130mg) D2.6x5.2 Sphera 2022 Very Good Very Good Very Good
GLO: Diode mMELF (40mg) D1.6x3.8 Sphera 2022 Very Good Very Good Very Good
GLO: Diode power DO214/219 (93mg) 4.3x3.6x2.3 Sphera 2022 Very Good Very Good VeryGood
GLO: Diode power THT DO201 (1.12g) D5.3x9.5 Sphera 2022 Very Good Very Good Very Good
GLO: Diode power THT DO35 (150mg) D1.76x3.77 Sphera 2022 Very Good Very Good Very Good
GLO: Diode signal DO214/219 (14.8mg) 3.9x1.9x1 Sphera 2022 Very Good Very Good Very Good
GLO: Diode signal SOD123/323/523 (1.59mg) 0.8x0.75x1.6 with Au

Bondwire Sphera 2022 Very Good Very Good Very Good
GLO: Diode signal SOD123/323/523 (9.26mg) 2.4x1.6x1 with ABond- 2022 Very Good Very Good Very Good
wire Sphera

GLO:Electricity credit Sphera <ts0> 2022 Good Very Good Good
(<3llj__(s)0 >Electrolytlc galvanisation (1 m?2 steel sheet part; electrolytic) Sphe 2022 Good Very Good Very Good
GLO: EMS Shielding Sphera 2022 Good Very Good Good
GLO: Energy credBphera <uso> 2022 Good Very Good Good
GLO: Filter SAW (25mg) 3x7x1 Sphera 2022 Good Very Good Good

100 of 186



O sphera

GLO: Flexible printed wiring board, 1 layer, single sided, with FR4, chel

elec AuNi finish Sphera 2022 Good Very Good Very Good
GLO: Flexiblgrinted wiring board,1 layer, single sided, without FR4,

chemelec AuNi finish Sphera 2021 Good Very Good Very Good
GLO: Gold (primary) Sphera 2022 Fair Very Good Fair

GLO: Gold, primary (in Electronics) Sphera 2022 Good Very Good Very Good
GLO:Hard disk drive (HDD), 2.5", 1 platter, 2 sides, 7 mm high Sphera 2022 Good Very Good Good
Srl;r?e:rglard disk drive (HDD), 2.5", 2 platters, 4 sides, 9.5 mm high 2022 Good Very Good Good
(Ssrlj_r(])e:rgard disk drive (HDD), 2.5", 3 platters, 6 sides, 12.5 nirigh 2022 Good Very Good Good
GLO: Hard disk drive (HDD), 2.5", 4 platters, 8 sides, 15 mm high Sphe 2022 Good Very Good Good
GLO: Hard disk drive (HDD), 3.5", 1 platter, 1 side, 26 mm high Sphera 2022 Good Very Good Good
GLO: Hard diskirive (HDD), 3.5", 1 platter, 2 sides, 26 mm high Sphera 2022 Good Very Good Good
GLO: Hard disk drive (HDD), 3.5", 2 platters, 4 sides, 26 mm high Sphe 2022 Good Very Good Good
GLO: Hard disk drive (HDD), 3.5", 3 platters, 6 sides, 26 mm highhera 2022 Good Very Good Good
GLO: Hard disk drive (HDD), 3.5", 4 platters, 8 sides, 26 mm high Sphe 2022 Good Very Good Good
g;rg)e:rgard disk drive (HDD), 3.5", 5 platters, 10 sides, 26 mm high 2022 Good Very Good Good
GLO: Housing ISphera 2022 Fair Very Good Very Good
GLO: IC BGA 144 (1.32g) 14x12 mm MCM WiFi/Bluetooth Sphera 2022 Very Good Very Good Very Good
(S;;I)_r(])e:r!ac BGA 144 (181mg) 10x10mm MPU generic (130 hm node) 2022 Very Good Very Good Very Good
(SBFI)_r(])e:rLC BGA 14@B60mg) 13X13mm MPU generic (130 nm node) 2022 Very Good Very Good Very Good
GLO: IC BGA 1515 (14.6 g) 40x40 mm CMOS logic (14 nm) Sphera 2022 Very Good Very Good Very Good
GLO: IC BGA 256 (4g) 27x27 mm CMOS logic (45 nm node) Sphera 2022 VeryGood Very Good Very Good
(s;;r%r:f BGA 300 (1.90g) 18x13mm 1GB NAND flash (45 nm node) 2022 Very Good Very Good Very Good
GLO: IC BGA 48 (72mg) 8x6 mm CMOS logic (14 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC BGA 672 (4.92¢Hx35x2.36 CMOS logic (65 nm node) [based

on models 2004-2014] Sphera 2022 Very Good Very Good Very Good
GLO: IC BGA 672 (6.6g) 27x27 mm CMOS (14 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC BGA 78 (446 mg) 8x10 mm 1GB DDR4 RAM (57 mude) 2022 Very Good Very Good Very Good

Sphera
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GLO: IC DFN 10 (22.3 mg) 3x3 mm CMOS logic (14 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC DIP 24 (1.79) 35.5x8.2 mm CMOS logic (250 nm node) Spher: 2022 Very Good Very Good Very Good
(SE;I)-P%rLC DIP 42 (6.30g) 54.6x14.1x3.9 [based on models 20@2014] 2022 Very Good Very Good Very Good
GLO: IC DIP 8 (538mg) 10.9x6.6 mm CMOS logic (250 nm node) Sphe 2022 Very Good Very Good Very Good
OO LG 1o0e o 3 5t250ca XMOSAe @20 1000) 502 vaycood  VeyGood  VenyGood
GLO: IC PLCC 20 (751mg) 9x9 mm CMOS logic (250 nm node) Spher: 2022 Very Good Very Good Very Good
(S;;I)_r?e:r:ac PLCC 44 (2.6g) 16.6x16.6 mm CMOS logic (250 moae) 2022 Very Good Very Good Very Good
GLO: IC PLCC 68 (5g) 24.2x24.2 mm CMOS logic (250 nm node) Sphe 2022 Very Good Very Good Very Good
GLO: IC QFN 24 (61.6 mg) 4x6 mm CMOS logic (14 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC QFN 76 (578.8 mg) 10x11 mm CMOS logic (14 nm node) Sph 2022 Very Good Very Good Very Good
(SBFI’_r(])e:rLC QFP 240 (6.20g) 32x32x3.5 [based on models 20Q914] 2022 Very Good Very Good Very Good
GLO: IC QFP 32 (184mg) 7x7 mm CMOS logic (90 notie) Sphera 2022 Very Good Very Good Very Good
(SBFI’_r(])e:rLC QFP 80 (1.60g) 14x20x2.7 [based on models 202914] 2022 Very Good Very Good Very Good
GLO: IC SO 20 (530mg) 12.8x7.5 mm CMOS logic (90 nm node) Sphel 2022 Very Good Very Good Very Good
(S;;I)_r(])e:r!’:lc SO 44 (910mg) 28.3x13.3x2.3 [based on models 202914] 2022 Very Good Very Good Very Good
GLO: IC SO 8 (76mg) 4.9x3.9 mm CMOS logic (90 nm node) Sphera 2022 Very Good Very Good Very Good
(S;;I)_r(])e:r!’:lc SSOP 14 (120mg) 6.0x5.3x1.75 [based orodels 2004-2014] 2022 Very Good Very Good Very Good
GLO: IC SSOP 24 (123mg) 8.2x5.3 mm CMOS logic (65 nm node) Sph 2022 Very Good Very Good Very Good
(S;;I)_r?e:r::lc SSOP 64 (340mg) 26x10.2x1.75 [based on models 202014] 2022 Very Good Very Good Very Good
(SBFI)_r(])e:rLC TQFP 100 (513mg) 14x14 mm MPU generic (130 nm node) 2022 Very Good Very Good Very Good
GLO: IC TQFP 32 (146mg) 5x5 mm MPU generic (130 nm node) Sphe 2022 Very Good Very Good Very Good
(S;;I)_r(])e:rLC TQFP 44 (272mgpx10 mm MPU generic (130 nm node) 2022 Very Good Very Good Very Good
GLO: IC TSOP 28 (232mg) 8x13.4 mm DRAM (57 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC TSOP 28 (232mg) 8x13.4 mm flash (45 nm node) Sphera 2022 Very Good VeryGood Very Good
GLO: IC TSOP 32 (373mg) 8x20 nm DRAM (57 nm node) Sphera 2022 Very Good Very Good Very Good
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GLO: IC TSOP 32 (373mg) 8x20 nm flash (45 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC TSOP 56 (590mg) 14x20x1.2 DRAM [basedmadels 2004-

2014] Sphera 2022 Very Good Very Good Very Good
GLO: IC TSOP 56 (590mg) 14x20x1.2 flash [based on models 2004

2014] Sphera 2022 Very Good Very Good Very Good
GLO: IC TSSOP 16 (59mg) 4.4x5.0 mm DRAM (57 nm node) Sphera 2022 Very Good VeryGood Very Good
GLO: IC TSSOP 16 (59mg) 4.4x5.0 mm flash (45 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC TSSOP 48 (187mg) 6.1x12.5 mm DRAM (57 nm node) Spher: 2022 Very Good Very Good Very Good
GLO: IC TSSOP 48 (187mg) 6.1x12.5 mitash (45 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC TSSOP 8 (23mg) 3x3 mm DRAM (57 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IC TSSOP 8 (23mg) 3x3 mm flash (45 nm node) Sphera 2022 Very Good Very Good Very Good
GLO: IGVLP CSP 196 (209mg) 12x12x1.41mm CMOS logic (14 nm

node) Sphera 2022 Very Good Very Good Very Good
GLO: IC WLP CSP 196 (209mg) 12x12x1.41mm CMOS logic (22 nm

node) Sphera 2022 Very Good Very Good Very Good
CSE;I)_r?e:rLC WLP CSP 196 (209mit2x12x1.41mm DRAM (57 nm node) 2022 Very Good Very Good Very Good
(SBL_r(])e:rLC WLP CSP 196 (209mg) 12x12x1.41mm flash (45 nm node) 2022 Very Good Very Good Very Good
GLO: IC WLP CSP 196 (209mg) 12x12x1.41mm MPU generic (130 nm

node) Sphera 2022 Very Good Very Good Very Good
(S;;I)_r(])e:r!’:lc WLP CSP 425 (4.78g) 19x19x1.5mm CMOS logic (14 nm nod 2022 Very Good Very Good Very Good
(S;;r?e:r:ac WLP CSP 425 (4.78g) 19x19x1.5mm CMOS logic (22 nm nod 2022 Very Good Very Good Very Good
(S;;I)_r(])e:r!ac WLP CSP 425 (4.78g) 19x19x1.5mm DRAM (57 nm node) 2022 Very Good Very Good Very Good
GLO: IC WLP CSP 425 (4.78g) 19x19x1.5mm flash (45 nm node) Sphe 2022 Very Good Very Good Very Good
GLO: IC WLP CSP 425 (4.78g) 19x19x1.5mm Mgtheric (130 nm

node) Sphera 2022 Very Good Very Good Very Good
GLO: IC WLP CSP 49 (10.2mg) 3.17x3.17x0.55mm CMOS logic (14 nr 2022 Very Good Very Good Very Good
node) Sphera

GLO: IC WLP CSP 49 (10.2mg) 3.17x3.17x0.55mm CMOS logic (22 nr 2022 Very Good Very Good Very Good
node) Sphera

GLO: IC WLP CSP 49 (10.2mg) 3.17x3.17x0.55mm DRAM (57 nm nod 2022 Very Good Very Good Very Good

Sphera
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GLO: IC WLP CSP 49 (10.2mg) 3.17x3.17x0.55mm flash (45 nm node) 2022

Sphera Very Good Very Good VeryGood
GLO: IC WLP CSP 49 (10.2mg) 3.17x3.17x0.55mm MPU generic (130

nm node) Sphera 2022 Very Good Very Good Very Good
GLO: Key switch Dip (79mg) 11.39x4.5x1.5 Sphera 2022 Good Very Good Good
GLO: Key switch tact (242mg) 6.2x6.3x1.8 Sphera 2022 Good Very Good Good
GLO: LCD Cell (Panel) (cm2) Sphera 2022 Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 0.5A (235mg) Au bondwire

9.0x7.0x4.4 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 0.54235mg) Flip Chip

9.0x7.0x4.4 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD highfficiency with lens max 0.5A (59mg) Au bondwire

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 0.5A (59mgdflip Chip

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 1.5A (61mg) Au bondwire

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 1.5A (61mg) Flip Chip

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higlfficiency with lens max 1A (235mg) Au bondwire

9.0x7.0x4.4 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 1A (235mg) Flip Chip

9.0x7.0x4.4 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higlfficiency with lens max 1A (60mg) Au bondwire

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
GLO: LED SMD higifficiency with lens max 1A (60mg) Flip Chip

3.5x3.5x2.0 Sphera 2022 Very Good Very Good Very Good
gpl;r(])e:r;ED SMD leefficiency max 50mA (35mg) without Au 3.2x2.8x1.9 2022 Very Good Very Good Very Good
GLO: LED THT 5mm (350mg) D5x7 Sphera 2022 Very Good Very Good Very Good
GLO:Lubricant (aqueous emulsion of fatty substances) Sphera 2022 Poor Fair Poor
GLO: Micro Speaker (2g, dynamic, Nd magnet, SMD) Sphera 2022 Good Very Good Good
GLO: Nickel mix Sphera 2022 Good Very Good Good
GLO: ODD PC Sphera 2022 Good Very Good Good
GLO: Oscillator crystal (500mg) 11.05x4.65x2.5 Sphera 2022 Good Very Good Good
GLO: Oscillator crystal (750mg) 11.35x4.65x3.6 Sphera 2022 Good Very Good Good
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GLO: Package scaling for transport (dummy) Spherasap 2022 Fair Fair Fair
GLO:Palladium mix Sphera 2022 Good Very Good Good
GLO: Panel Electronics (pixel control board) Sphera 2022 Good Very Good Very Good
GLO: Plastic Film (PE, PP, PVC) Sphersex 2022 Good Very Good Very Good
GLO: Plastic injection mouldin{parameterized) Sphera <@o0> 2022 Good Very Good Very Good
GLO: Platinum mix Sphera 2022 Good Very Good Good
GLO: Printed Wiring Board Hayer rigid FR4 with chenrglec AuNi finish

(Subtractive method) Sphera 2022 Good Very Good Very Good
GLO:Printed Wiring Board 1dayer rigid FR4 with chemSn elecAuNi fin-

ish (Subtractive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring Board Hayer rigid FR4 with HASL finish (Subtrac-

tive method) Sphera 2022 Good Very Good Very Good
GLO:Printed Wiring Board 1dayer rigid FR4 with chenelec AuNi finish

(Subtractive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring Board Hayer rigid FR4 with chemSn elecAuNi fin-

ish (Subtractive method) Sphera 2022 Good Very Good VeryGood
GLO: Printed Wiring Board Hayer rigid FR4 with HASL finish (Subtrac-

tive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring Board Hayer rigid FR4 with chenelec AuNi finish

(Subtractive method) Sphera 2022 Good Very Good VeryGood
GLO: Printed Wiring Board Hayer rigid FR4 with chemSn elecAuNi fin-

ish (Subtractive method) Sphera 2022 Good Very Good Very Good
(_BLO: Printed Wiring Board Hawyer rigid FR4 with HASL finish (Subtrac- 2022 Good Very Good VeryGood
tive method) Sphera

GLO: Printed Wiring BoardHhayer rigid FR4 with chenelec AuNi finish

(Subtractive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring BoardHayer rigid FR4 with chemSn elecAuNi finish

(Subtractive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring BoardHayer rigid FR4 with HASL finish (Subtractive

method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring BoardHayer rigid FR4 with chenelec AuNi finish

(Subtractive method) Sphera 2022 Good Very Good very @od
GLO: Printed Wiring BoarcH2yer rigid FR4 with chemSn elecAuNi finish

(Subtractive method) Sphera 2022 Good Very Good Very Good
GLO: Printed Wiring BoardHayer rigid FR4 with HASL finish (Subtractiv(

method) Sphera 2022 Good Very Good VeryGood
GLO: Printed Wiring BoardHayer rigid FR4 with chenelec AuNi finish 2022 Good Very Good Very Good

(Subtractive method) Sphera
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GLO: Printed Wiring BoardHayer rigid FR4 with chemSn elecAuNi finish

(Subtractive method) Sphera 2022 Good VeryGood Very Good
ﬁlé%o Z;lrsltsgeY\grlng BoardHayer rigid FR4 with HASL finish (Subtractive 2022 Good Very Good Very Good
E;SII&rz(rzlt?‘idmvt\almgg)laso;:g-rlgyer rigid FR4 with chenrelec AuNi finish 2022 Good VeryGood Very Good
gla(;irZQt?‘tzdi;lg]lgg)B;);:g-zyer rigid FR4 with chemSn elecAuN:i finish 2022 Good Very Good Very Good
glé%o I;’)rlrsltsge\:\grlng BoardH@yer rigid FR4 with HASL finish (Subtractiv« 2022 Good VeryGood Very Good
GLO: Product area Sphera <uso> 2022 Good Very Good Good
GLO: Productkgkm Sphera <uso> 2022 Good Very Good Good
GLO: Product pcs Sphera <uso> 2022 Good Very Good Good
GLO: Productvolume Sphera <us0> 2022 Good Very Good Good
GLO: Product Sphera <g0> 2022 Good Very Good Good
GLO: Punching steel sheet small part Sphera -so> 2022 Good Very Good Very Good
GLO: Resistor flat chip 0402 (0.6mg) Sphera 2022 Good Very Good Good
GLO: Resistor flat chip 0603 (1.9mg$phera 2022 Good Very Good Good
GLO: Resistor flat chip 1206 (9.2mg) Sphera 2022 Good Very Good Good
GLO: Resistor MELF MMA 0204 (19mg) D1.4x3.6 Sphera 2022 Very Good Very Good Good
GLO: Resistor MELF MMB 0207 (79mg) D2.2x5.8 Sphera 2022 Very Good Very Good Good
GLO: Resistor MELF MMU 0102 (7mg) D1.1x2.2 Sphera 2022 Very Good Very Good Good
GLO: Resistor thick film flat chip 01005 (0.04mg) Sphera 2022 Good Very Good Good
GLO: Resistor thick film flat chip 0201 (0.15mg) Sphera 2022 Good VeryGood Good
GLO: Resistor thick film flat chip 0402 (0.75mg) Sphera 2022 Good Very Good Good
GLO: Resistor thick film flat chip 0603 (2.1mg) Sphera 2022 Good Very Good Good
GLO: Resistor thick film flat chip 1206 (8.9mg) Sphera 2022 Good Very Good Good
GLO: Resistor THT MBA 0204 (125mg) D1.6x3.6 Sphera 2022 Very Good Very Good Good
GLO: Resistor THT MBB 0207 (220mg) D2.5x6.3 Sphera 2022 Very Good Very Good Good
GLO: Resistor THT MBE 0414 (700mg) D4.0x11.9 Sphera 2022 Very Good Very Good Good
GLO: Ring Core Coail 30g (With housing) Sphera 2022 Good Very Good Good
GLO: Ring Core Coil 30g (Without housing) Sphera 2022 Good Very Good Good
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GLO: Ring Core Coil 8 g (With housing) Sphera 2022 Good Very Good Good
GLO: Ring Core Coil 8(@Vithout housing) Sphera 2022 Good Very Good Good
GLO: Ring Core Coil 80 g (With housing) Sphera 2022 Good Very Good Good
GLO: Ring Core Coil 80 g (Without housing) Sphera 2022 Good Very Good Good
(Szé_r%r:emlconductor manufacturing CMOS logic 130 nech node 2022 Good Very Good Good
Srlj_r(])e:riemlconductor manufacturing CMOS logic 14 nm tech node 2022 Good Very Good Good
(SBFI’_r(])e:riemlconductor manufacturing CMOS logic 180 nm tech node 2022 Good Very Good Good
(SB‘I)_;)e:rS:mlconductor manufacturing CMOS logic 22 nm tech node 2022 Good Very Good Good
(Ssrlj_r(])e:r:emlconductor manufacturing CMOS logic 250 nm tech node 2022 Good Very Good Good
(SB‘I)_;)e:r:emlconductor manufacturing CMOS logic 32 nm tech node 2022 Good Very Good Good
(SBFI)_r(])e:riemlconductor manufacturing CMOS logic 350 nm tech node 2022 Good Very Good Good
(Ss:)_ri)e:r:emlconductor manufacturing CMOS logic 45 nm tech node 2022 Good Very Good Good
(SBFI)_r(])e:riemlconductananufactur|ng CMOS logic 65 nm tech node 2022 Good Very Good Good
(SB:)_r(])e:r:emlconductor manufacturing CMOS logic 90 nm tech node 2022 Good Very Good Good
GLO: Semiconductor manufacturing CMOS logic withalrip flash 2022 Good Very Good Good
memory 130 nm technode Sphera

GLO: Semiconductor manufacturing DRAM 130 nm tech node Sphera 2022 Good Very Good Good
GLO: Semiconductor manufacturing DRAM 180 nm tech node Sphera 2022 Good Very Good Good
GLO: Semiconductamanufacturing DRAM 250 nm tech node Sphera 2022 Good Very Good Good
GLO: Semiconductor manufacturing DRAM 57 nm tech node Sphera 2022 Good Very Good Good
GLO: Semiconductor manufacturing DRAM 70 nm tech node Sphera 2022 Good Very Good Good
GLO:Semiconductor manufacturing DRAM 90 nm tech node Sphera 2022 Good Very Good Good
(SBFI)_r(])e:riemlconductor manufacturing flash memory 150 nm tech node 2022 Good Very Good Good
GLO: Semiconductor manufacturing flash memory 45 nm tech node 2022 Good Very Good Good

Sphera

107 of 186



O sphera

GLO: Semiconductor manufacturing flash memory 65 nm tech node

Sphera 2022 Good Very Good Good
grlj_r(])e.r:emlconductor manufacturing flash memory 90 nm tech node 2022 Good Very Good Good
(Saé_r%r:emlconductor manufacturing fdransistors, diodes & LEDs 2022 Good Very Good Good
S(l_d%: SS:rr]\;lrc:nductor manufacturing WLP CSP CMOS logic 14 nm tect 2022 Good Very Good Good
S(I)_d% SS;?:rc:nductor manufacturing WLP CSP CMOS logic 22 nm tect 2022 Good VeryGood Good
e e st Sopara O CMOS 1000 W 207 oo
(Ss:)_r%r:emlconductor manufacturing WLP CSP DRAM 57 nm tech node¢ 2022 Good Very Good Good
Sé_d(z:sseprnlecrc;nductor manufacturing WLP CSP flash memory 45 nm tec! 2022 Good Very Good Good
GLO: Silver mix Sphera 2022 Fair Very Good Fair

GLO: Small mechanics and electromechanics Sphera 2022 Good Very Good Good
GLO: Solder paste Auln18phera 2022 Good Very Good Good
GLO: Solder paste AuSn20 Sphera 2022 Good Very Good Good
GLO: Solder paste InPb40 Sphera 2022 Good Very Good Good
GLO: Solder paste InSn48 Sphera 2022 Good Very Good Good
GLO: Solder paste SnAg2.6Cu0.3 Sphera 2022 Good Very Good Good
GLO: Solder paste SnAg3.5 Sphera 2022 Good Very Good Good
GLO: Solder paste SnAg3.5Cu0.7 (SAGt) Sphera 2022 Good Very Good Good
GLO: Solder paste SnAg3Cu0.5 (SAG) Sphera 2022 Good Very Good Good
GLO: Solder past&nAg4Cu0.6 Sphera 2022 Good Very Good Good
GLO: Solder paste SnCu0.7 Sphera 2022 Good Very Good Good
GLO: Solder paste SnCu0.7Ag0.3 Sphera 2022 Good Very Good Good
GLO: Solder paste SnCu0.7Ni0.05 Sphera 2022 Good Very Good Good
GLO: Solder past&nin10Ag3.1 Sphera 2022 Good Very Good Good
GLO: Solder paste SnPb34Ag2 Sphera 2022 Good Very Good Good
GLO: Solder paste SnPb36 Sphera 2022 Good Very Good Good
GLO: Solder paste SnZn9 Sphera 2022 Good Very Good Good
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GLO: Special high grade ziranly from Zn concentrate IZA 2022 Very Good Very Good Good
GLO: Steel sheet stamping and bending (5% loss) Spherasaz 2022 Good Very Good Very Good
GLO: Steel wire rod worldsteel 2022 Very Good Very Good Good
GLO: Substrate for activeomponents (2ayer rigid FR4 chenelec AuNi

finish, mass) Sphera 2022 Good Very Good Very Good
GLO: Thermistor SMD NTC 0402 (4mg) Sphera 2022 Very Good Very Good Good
GLO: Thermistor SMD NTC 0603 (6mg) Sphera 2022 Very Good Very Good Good
GLO:Thermistor SMD NTC 0805 (13mg) Sphera 2022 Very Good Very Good Good
GLO: Thermistor SMD NTC 1206 (18mg) Sphera 2022 Very Good Very Good Good
GLO: Thermistor SMD PTC (400mg) 6.3x8x3.3 Sphera 2022 Very Good Very Good Good
GLO: Thermistor THT NTizaded Disk (120mg) 2.5xD43 Sphera 2022 Very Good Very Good Good
GLO: Thermistor THT NTC, Leaded Disk (250mg) 4.5xD41 Sphera 2022 Very Good Very Good Good
GLO: Thermistor THT PTC Overcurrent Protection, Leaded Disk (980m

12xD35 Sphera 2022 VeryGood Very Good Good
GLO: Thermistor THT PTC Switch, Leaded Disk (420mg) 6xD13 Spher 2022 Very Good Very Good Good
(Ssrlj_r(])e:r;'hermlstor THT PTC Temp Sensor, Leaded Disk (250mg) 4xD42 2022 Very Good Very Good Good
GLO: Tin Sphera 2022 Fair VeryGood Fair

GLO: Transistor D2PAK TO263 (1.38g) 10.3x9.6x4.5 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor DPAK TO252 (290mg) 6.6x6.2x2.2 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor power THT/SMD SOT93/T0218 3 leqds70g)

15.5x12.9x4.7 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor power THT/SMD SOT93/T0218 7 leads (4.809)

15.5x12.9x4.7 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor signal SOT223 3 leads (110mg) 3.8x7.65x2.3 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor signal SOT223 8 leads (180mg) 3.8x7.65x3 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor signal SOT23 3 leads (10mg) 1.4x3x1 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor signé8OT23 8 leads (18mg) 1.4x3x2 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor THT SOT82 (720mg) 10.6x7.6x2.5 Sphera 2022 Very Good Very Good Very Good
GLO: Transistor THT TO92 (250mg) D4.8x5.3 Sphera 2022 Very Good Very Good Very Good
GLO:Truck, Euro 0- 6 mix, 20 - 26t gross weight / 17,3t payload capac- 2022 Very Good Very Good Very Good

ity Sphera <uso>
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GLO: Truck, Euro 3, more than 32t gross weight / 24.7t payload capaci

Sphera <uso> 2022 Very Good Very Good Very Good
g;r(])e:gu::éoiuro 6 AC, 28-32t gross weight / 22t payload capacity 2022 Very Good Very Good Very Good
GLO: Value of stainless steel scrap (304) Sphera 2022 Fair Fair Fair

GLO: Varistor THT VDR, Leaded Disk (2g) D12x25 Sphera 2022 Very Good Very Good Good
GLO: Waste water treatment (metal processing) Sphera-sor 2022 Fair Very Good Very Good
GLO: Zinc mix Sphera 2022 Very Good Very Good Very Good
GLO: Zinc oxide (technology mix: American and French process) Sphe 2022 Very Good VeryGood Very Good
IL: Electricity grid mix Sphera 2019 Good Very Good Good

JP: Electricity grid mix Sphera 2019 Good Very Good Good

KR: Electricity grid mix Sphera 2019 Good Very Good Good

MX: Electricity grid mix Sphera 2019 Good Very Good Good
MY:Electricity grid mix Sphera 2019 Good Very Good Good
grljirl:ze:rz\(irgla?gnét:leutadlenestyrene (ABS) in waste incineration plant 2022 Good Very Good Good
EE_aRégumlnlum extrusion profileopen input aluminium ingot Sphera 2022 Good Very Good Good
RER: Aluminium foil Sphera 2022 Good Very Good Good
RER: Aluminium ingot mix Sphera 2022 Good Very Good Good
RER: Aluminium oxide mix (alumina, Al203) Sphera 2022 Good Very Good Good
RER: Aluminium recycling (95% efficiency) Sphemp-agg> 2022 Good Very Good Good
5592' Aluminium sheetopen input aluminium rolling ingot Sphera <p 2022 Good Very Good Good
RER: Aluminium sheet (AlCu4Mg1) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg1(C)) Sphera 2022 Good VeryGood Good
RER: Aluminium sheet (AIMg2.5) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg2Mn0.8) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg3) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg3Mn) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg4.5) Sphera 2022 Good Very Good Good
RER: Aluminium sheet (AIMg4.5Mn0.7) Sphera 2022 Good Very Good Good
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RER: Aluminium sheet (AISilMgMn) Sphera 2022 Good Very Good Good
RER: Aluminium sheet mix Sphera 2022 Good Very Good Good
RER: Borosilicate glass production Sphera 2022 Good Very Good Good
RER: Brass (CuZn20) Sphera sgg> 2022 Good Very Good Good
RER: Cast iron part Sphera <pgg> 2022 Very Good Very Good Very Good
RER: Copper wire (0.06 mn§phera 2022 Good Very Good Very Good
RER: Copper wire (0.6 mm) Sphera 2022 Good Very Good Very Good
gsr?e:rg/%rlrzllj:%(t)egabg;;d 2018; excl. paper production; input: paper 2022 Very Good Very Good Good
RER: Diesel at refinery Sphera 2019 Good Very Good Good
RER: Diesel mix at filling station Sphera 2019 Good Very Good Good
RER: Diesel mix at refinery Sphera 2019 Good;Very Good Very Good Good;Very Good
RER: Electricity grid mix Sphera 2019 Good Very Good Good
EE)Rélilﬁ(e::g)E/tai;g;gpper secondary (input heavy copper scrap-98% 2022 Fair Very Good Good
gsrl:le:rglgggggilc copper secondary (input light copper scrap 90% Cu) 2022 Fair Very Good Good
RER: Ferro metals on landfi$phera 2022 Good Very Good Very Good
RER: Heavy fuel oil at refinery (1.0wt.% S) Sphera 2019 Good;Very Good Very Good Good;Very Good
RER: Inert matter (Aluminium) on landfill Sphera 2022 Good Very Good Very Good
RER: Inert matter (Steel) olandfill Sphera 2022 Good Very Good Very Good
RER: Inert matter (Unspecific construction waste) on landfill Sphera 2022 Good Very Good Very Good
RER: Kerosene / Jet Al at refinery Sphera 2019 Good;Very Good Very Good Good;Very Good
RER: Kraft pape(EN15804 A1-A3) Sphera 2022 Good Very Good Fair
;E)I:atll(gﬁi‘tlér;rezrglléll:)g:p(r)ogggtgi tall oil, turpentine; cubff EoL; [mass 2022 Very Good Very Good Good
RER: Lubricants at refinery Sphera 2019 Good Very Good Good
RER: Municipal waste water treatment (mix) Sphera 2022 Good Very Good Good
RER: Natural Rubber, vulcanised Sphera 2022 Good Very Good Good
- o —— -
::;Egl:\; Paper and board (water 0%) in waste incineration plant Sphera < 2022 Good Very Good Good
RERPlastic granulate secondary (low metal contamination) Sphera<p 2022 Fair Very Good Good

a!!!!>

111 of 186



O sphera

RER: Plastic packaging in municipal waste incineration plant Sphera <t

agg> 2022 Good Very Good Good
RER: Plastic waste on landfill Sphera 2022 Good VeryGood Very Good
gs&rztﬂﬁg;e (PA) 6.6 GF30 (4.5% H20) in waste incineration plant 2022 Good Very Good Good
RER: Polycarbonate (PC) in waste incineration plant Spheraagg> 2022 Good Very Good Good
RER: Polyethylene (PE) in wadteineration plant Sphera <gagg> 2022 Good Very Good Good
RER: Polyethylene Film (RHED) without additives Sphera 2022 Good;Very Good Very Good Very Good
RER: Polyethylene low density granulate (LDPEMHE) Sphera 2022 Good Very Good Good
SEEQF;egethylene terephthalate (PET) in waste incineration plant Sphe 2022 Good:Very Good Very Good Good
RER: Polyethylene terephthalate granulate (PET) via DMT Sphera 2022 Good Very Good Very Good
RER: Polypropylene (PP) in wasteineration plant Sphera <pagg> 2022 Good Very Good Good
RER: Polystyrene (PS) in waste incineration plant Spheraagy> 2022 Good Very Good Good
RER: Polystyrene granulate (PS) Sphera 2022 Very Good Very Good Very Good
RER: Polyurethane (PU) isaste incineration plant Sphera <mgg> 2022 Good Very Good Good
RER: Polyurethane rigid foam (PU) PlasticsEurope 2005 Fair Fair Fair

RER: Polyvinyl chloride (PVC) in waste incineration plant Spheragg> 2022 Good Very Good Good
RER: Processvater from groundwater Sphera 2022 Good Very Good Very Good
RER: PVC adhesive (approximation) Sphera 2022 Good Very Good Good
zlzg.lsliescgﬁg:\ag <();E;:gogpfer from electronic scrap (allocation with preciou 2022 Fair Very Good Good
RER: Recycling of gold from electronic scrap Spheraagy> 2022 Fair Very Good Good
RER: Recycling of palladium from electronic scrap Sphera-agg> 2022 Fair Very Good Good
RER: Recycling of platinum from electronic scrap Sphera-agg> 2022 Fair Very Good Good
RER: Recycling of silver from electronic scrap Sphera-agg> 2022 Fair Very Good Good
RER: Semichemical Fluting 2018; cwiff EoL Sphera/FEFCO <agg> 2022 Very Good Very Good Good
RER: Stainless steel screw Sphera <jgg> 2022 Good Very Good Good
RER: Stainless steel sheet (EN15804 AA3) Sphera <pagg> 2022 Very Good Very Good Very Good
RER: Talcum powder (filler) Sphera 2022 Good Very Good Fair

RER: Tap water from groundwater Sphera 2022 Good Very Good Very Good
RER:Testliner 2018; cutoff EoL Sphera/FEFCO <agg> 2022 Very Good Very Good Good
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RER: Thermal energy from natural gas Sphera 2019 Good Very Good Good
RER: Wellenstoff / Fluting 2018; cubff EoL Sphera/FEFCO <agg> 2022 Very Good Very Good Good
SG:Electricity grid mix Sphera 2019 Good Very Good Good

TW: Electricity grid mix Sphera 2019 Good Very Good Good

US: Acrylonitrildbutadienestyrene granulate (ABS) Sphera 2022 Very Good Very Good Very Good
US: Diesel mix at refinery Sphera 2019 Good Very Good Good

US: Electricity grid mix Sphera 2019 Good Very Good Good

US: Glass fibres Sphera 2022 Good Very Good Fair

US: Industry average uncoated glass (NGA) {&3) SpheraEPD 2015 Very Good Very Good Very Good
US: Lubricants at refinenphera 2019 Good Very Good Good

US: Polycarbonate granulate (PC) Sphera 2022 Good Very Good Very Good
lng’/o Té)g:;lrsb:hnea:?crylon|tr|Iebutad|enestyrene compound (80% PC, 2022 Good Very Good Very Good
US: Polyethylene Filf_LDPE/PH_D) Sphera 2022 Good Very Good Very Good
US: Polystyrene granulate (PS) (approximation) Sphera 2022 Very Good Very Good Very Good
US: Polyvinyl chloride granulate 5VC) Sphera 2022 Very Good Very Good Very Good
US: Sulphur(elemental) at refinery Sphera 2019 Good Very Good Good
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Annex CLCA for Experts Model

Annex C1:Notebook LCA for Experts Model

01 Packaging p

Prcess plkan: Mass (kg ]

1Fackaging - pﬂ] Packaging switch px{P
Latitude <L SU-50

1Packaging - PE!-E

Chromebook <LC= A
1Packaging - p;h

Precision =L C= I
1Packaging - p;h N\

Alignware =LCx

Figure6-3: Packaging selection for different notebook types Latitude 5430, Chromebook 3110, Precision 7670 and
Alienware MLK 15

1Packaging - Precision p

Process phnReferece quantites

GLO: Corrugated  pgh I ) X
e , Pockaging mier pX O Product (dummy) Dell &

u-so EITE

EU-27: Paper [for  paly
ICT] Sphera <Mfgs

-

GLO: Palyethylens  pghy
terephthalate film
Elsctricity <LC ) (PET) [For ICT]
— [p-agal Sphera
<Mfg=

-

RER: Polyursthane (&
rigid foam (PU)

h 4

CN: Magnet ™
Nd-Fe-Dy-B Sphera

h 4

DE: Palyethylens Film béd
(PE-LD ) without

h 4

PP LCa h

h 4

DE: Palyethylens Film s
[PE-HD) without

-

Figure6-4: Packaging plan model structure (same foall four notebook types)

115
186

of



O sphera

02 Housing p

Process plan: Mass [k

2Housing - Latitude Pfh Haousing switch pX¢° GLO: Mass (dummy) ¢°
<L Cx SU-50n Sphera cu-sox

2Housing - PFE'!

Chromeboak <LCx y
2 Housing - Precisian Pfh

Aliemware =L Ca

Figure6-5: Housing selection for different notebook types Latitude 5430, Chromebook 3110, Precision 7670 and Alien-
ware MLK 15
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2 Housing - Latitude p

Process phinfRefarance quantites

Electricity g GLO: PC Gincl. PCR,  pghy | Nation: Laptop  pXe Product (dummy)_Dell &2
<L C — T, GF, BC) Sphera ¥ Housing mixer EE—
xy-so>
Electricity GLO: PC-ABS (incl.  pghy N
<LCx = FCR, Talc) Sphera "
PYC <L & Elactricity <LC= h
N ‘—
»

DE: Natural Rubber  Jidd | CN: Thermal eneray
(NR) (inel. LUC b \ fram LPG Sphera

EL-22: Aluminium foil s
Sphera

-+

RER: Stainless steel h
screw Sphera =p-agg»

-

Electricity ghy GLO: Stesl shest  pghy
<L Cx e part [For 1CT]

-

CN: Spring - Dell <L ghy

-

Electricity [h GLO: Hinges Sphera pfh
=LCx » =Mfgs

-+

CN: Copper shest ™

»

Sphera 4

Electricity gy j GLO: Aluminiurm rch N
<LC> shest part [for ICT] i
PA 6.6 <LC> & N

»

Magnesium part <LCx gy N

Ld

US: Palysthylene film st N

{LOPE/PE-LD) Sphera 7

CN: Magnst ™ N

Ld

Nd-Fe-Dy-B Sphera

Figure6-6: Housing plan model structure (same for all four notebook types)
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O3 Battery p

Proxcess pkan: Mass [kg ]

3 Battery - Latitude Pd‘ﬂ 1 =u-s0= px;P GLO: Mass (durmmy) _3}0
<L C= Sphera <u-sox

3 Battery - p;h

Chromebook {LC:. ........................................... ’
3 Battery - Precision Pd‘ﬂ

<LC:‘ ........................................... >
3 Battery -Alienwurepﬂ] !

T

Figure6-7: Battery selection for different notebook types Latitude 5430, Chromebook 3110, Precision 7670 andAlien-
ware MLK 15

3 Battery - Latitude p

Process planReferencequantices

CM: Lithivrm-ion LCO h Battery Mixer px{,o . Product (dummy_Dell 'Ho
(LiCod2) battery cell, IV P eu-so=

GLO: Connector h
board-to-board

-

GLO: Connectaor h
board-to-board

w

GLO: Cable 1-care h
power 188N G PV C (14

-

RER: Stainless steel h
screw Sphera <p-agos

-

Figure 6-8: Battery plan model structure (same for all four notebook types)
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04 RAM

Process planReference quantices

4 RAM Board - pfh L Mation: RAM mixer px.no . Product idummy ) Dell {&0
Latitude =LC= Fley-so= P oep-son
4 RAM Board - ech

w

Precision <LCs

Figure6-9: RAM selection for different notebook type$ Latitude 5430, Chromebook 3110, Precision 7670 and Alien-
ware MLK 15

4 RAM Board - Latitude p

Process planRefersnce quantites

RAM PWE Board - pghy . RAM Mixer su-sos  pX.& Praduct (durnmyi_Dell &
Latitude r

LU-50>

GLO: Gald (primary)  Ma
Sphera

-

RAM PWE Board  pghy

Precision

w

DE: PY¥C shaped part ¢¢

-

Sphera

SK hynix p[h N
HIAMAGAMNC] - v
Skhynix p[h "
HICG4EMEBD - 4

Figure6-10: RAM plan model structure (same for all four notebook types)
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0555D

Process plankReference quantices

2550 Board -
Latitude <L

2550 Board -
Precision =LC=

5550 Board -
Alienware =L C=

|

S50 switch <u-so= pX

O

-3

. Product idurmmy)_Dell ;,0

P eu-sos

Figure6-11: SSD selection for different notebook type® Latitude 5430, Chromebook 3110, Precision 7670 and Alien-

ware MLK 15

555D Board - Latitude p

Process planReference quantites
The namesof the basc processss are shown,

pch’

GLO: Populated

printed wiring board 1 pes

peh’

GLO: Papulatad

printed wiring board O pcs.

GLO: Populated

pch’

printed wiring board Opes.

GLO: Gold {primary) hl

-

Sphera 5,25E-008 kg

DE: PYC shaped part .gol

-

Sphera FE-005 ka

GLO: Salder paste hl

-

Snégl.5 Sphera 0,00033 kg

DE: Steel scraw h.

-

thardened and 0,00098 kg

DE: Palycarbonate h.
Granulate (PC)

‘GLO: Copper sheet
2E-005 My, Part [for ICT]

CM: Electricity grid

mix Sphera

"GLO: Alurminium
2, 07E-006 M Sheet Part Sphera

-

"CN: Plastiz injection p[h.
000252 ke moulded part - W2 -

0,00245 kg

peh’

0,0030% kg

peh’

0,00071 kg

Figure6-12: SSD plan model structure (same for all four otebook types)
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Y

Tpes

s

Tpes.

4

O pes
4

O pes
1

O pes.
1

O pes.
4

O pes.
4

O pes

GLC: Open [T model p[:].

{with processes) - Au

GLC: Open [T model pfh.

(with processes) - Au

GLO: Open IC madel p;h.
(with processes)- Au

GLO: Open IC model p[:].
(with processes)-Cu

GLO: Open IC model p[h.

(with processes) - Au

GLC: Open [T model pfh.

(with processes) - Au

GLO: Open IC madel p;h.
{with processes) - Au

GLO: Open IC model p[:].
(with processes)- Au
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06 Thermal sclution p

Process plan: Mass [ki]

& Thermal solution - pfh Mation: Thermal p)(.nc
Latitude <L C= solution switch

S-S0

& Thermal solution - pfh

Precision =LiC=

& Thermal solution - pfh
Aliegrware =L C=

Figure6-13: Thermal Solution selection for different notebook type$ Latitude 5430, Chromebook 3110, Precision 7670
and Alienware MLK 15

6 Thermal solution - Latitude p

Process planReference quantioes

Electricity lg'h GLC: Aluminium P.!'h ’ Thermal solution px.go Fraoduct (dumm‘/)_Dell.no
<L C ) sheet part [far ICT] mixer su-so> ) =U-s0
CM: Copper shest h
——
Sphera
PV C <L Ca Prr)
—_———

RER: Stainless steel h
screw Sphera cp-agg»

_

DE: Fan HDD ™
{120%25mm, PV —’

Figure6-14: Thermal Solution plan model structure (same for all four notebook types)
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08 Speaker p

Process phanReference quanties

8 Speaker - Latitude pfh . Speaker switch px.;}ﬂ
<L Ca Pl eu-so=
8 Speaker - pfh

w

Chromebook =L

8 Speaker - Precision pfh
2L T

w

8 Speaker - pfh

Alienware <L Cx

w

Figure6-15: Speaker selection for different notebook type® Latitude 5430, Chromebook 3110, Precision 7670 and Al-
ienware MLK 15
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8 Speaker - Latitude p

Process planReference quantites

EL-28: Aluminium foil h , | Mation: Speaker p.‘(¢° . Froduct (dummy)_DeI|¢°
Sphera v r

mixer =u-so> EU-5o

US: Palysthylensfilm s
(LDPE/FE-LD) Sphera

-

DE: Palysthylens Film |t
{(PE-HD) without

-

CM: Steel sheet part - FE‘E
Cell <LC=

-

RER: Copper wire (0.4 gc!
ram} Sphera

-

CM: Magret h
Md-Fe-Dy-B Sphera

-

PC LC> sh N
Ld
PC-AES <L C» & N
b
PP <LC> th N

GLD: Cable 1-core h
power 18A8WG PV C (15

-

GLO: Connector h
wire-to-board

-

Figure6-16: Speaker plan model structure (same for all four notebook types)
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09 Keyboard p

Process plan: Mass [kg]

? Keyboard - p[h Kevboard switch pxno
Latitude <L C= CU-50

7 Keyboard - p[h
Chromebook <LCs

-

? Keyboard - p[h

Precision <LC=

-

7 Keyboard - p[h

Alienware =L C»

-

Figure6-17: Keyboard selection for different notebook type® Latitude 5430, Chromebook 3110, Precision 7670 and
Alienware MLK 15
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9 Keyboard - Latitude p

Process plan:Reference quantices

GLO: Flexible printed s

wiring board, 1layer,

5

eyboar <er P roduct { ummy L/ el
Keyboard Mi e Product (d 1_Dall &
—_——

“U-som “U-s0®

GLO: Populated p[h

printed wiring board

-

FER: Stainless stesl h
screw Sphera <p-aggs

—_—

GLO: Populated p[h

- i )

printed wiring baard F GLO: Aluminium p[z'll_, Electricity ;h
¢ sheet part [for [CT] <LC=

11LED board [Dell  pghy N

Laptop] <LCs v ” Keyboard assy <LC» [h

GLO: Populated Pfh 3

printed wiring board F PC-ABS <LCa [h

GLO: Populated pfh

printed wiring board DE: Matural Rubber h
" ENR fincl. LUC

b

US: Polyethylene film  bdd
¢ (LDPE/FE-LD) Sphera

DE: Palyethylene Film s
{PE-HD ) without

GLO: Cable 10-core  lisg
data ribben 2BAWGE PE

-

CN: Copper sheet h

Sphera
GLO: Connector h N
board-to-board ¥
PYC <LCx i)
—eee
PC <LCs &
‘—
GLO: Steel sheet |:n:|rtplg|'z'l|_I Electricity fh
¢ [for ICT] [p-agal ¢ =<LC=

GLO: Silver mix Spheruh
P E—

DE: Epoxy Resin (EP) bt
‘—
Sphera

GLO: Palyethylens
terephthalate film

Electricity [h

rch
— —

Figure6-18: Keyboard plan model structure (same for all four notebook types)
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10 Mainboard p

Process plhanReference quantices

Mainboard switch pX;}o Product (durmmyi_Dell .;}o
—

LU-S0> “U-s0

10 Mainboard - p[h
Latitude <L C=

10 Mainboard - pﬂ]
Chromabonk elCs @ rrmmmmm— b
10 Mainbaard - peh
L —— b
Oarboord - oy R

Aligrware <L Cx

Figure6-19: Mainboard selection for different notebook types Latitude 5430, Chromebook 3110, Precision 7670 and
Alienware MLK 15
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10 Mainboard - Latitude p

Process phnfsferen:equintiss

Maimboard PiB - pgh R Product (dommy)Dell O
Latituds. u-zan <ueso

Mainboard PWB - pghy |

Chromebaok ¥

Mainboard PWE - pgh N

Pracision u

Mainboard PWE - pgh N

Alienwars ¥

GLO: Connsctor ™ WLAN/Wirsles: PWE peh
baard-to-board " Board - Chromabaok

GLO: Connactar
wire-to-board

» WLAN/Wireless PWE pgfa
Board - Latituds

GLO: Cannactar

board:ta-baard GLO: Connector it
GLOG: Connector ™
wire-to-board IDC GLG: Gald (primary) Mt
Sphera
L Comnecter Il |
coaxial ' " Wi PWE Board - ok
\ Alisrwars
GL: Cannector SATA R
7+ 15@2-pin}plug "
Extra PWB Board on pgh
« Mainboard -
GLG: Connectar PCI s Kato pisce o N Alisnware
@69, 72 pins, geld 7 convertar-PClevsas T
" GLO: Cannscror SM it
GLC: Connector N card mini THI/SMD
RIG5/8PRC stharnat
CLO: Conmester 5D it | 4 GLO: Connactor 5D
card micro THT/SMD. » card micra THT/SMD.
oo b pin sacket Type-A &-pin socket
GLG: Connector USB s
mizra-AB THT/SMD
GLO: Cannsctar HOMI Mt
[ r—
Type-A 19-pin sacket
e g N Dell LG~
CLO: Connector US it USB Micra Connestar -0
O e b oo e Cone » ., i Pros mjsecion bk OE:Polyamidese
moulded part - V2 - Granulats (PA 6) Mix
GLC: Connscter TRS g TRS2.5Female -
25 female (10 g, 1 pin) ¥ Gonnector - Gonvertar ’ ——————— DEiSteclacrew L] Gl Coppermic i
(hardzned and 779% Frorm
GLO: Connsctor IC it 5 1€ Sinsle Rowr N
Jgle-row @ g 10 T ., OF: Copper wre 006 o9, CN: Elscericity grid mix
mm) Sphera <u-so> Sphera
GLO: Connector it
power DC eircular DE: Copper sheet CN: Thermal eneray
A — fram natural gas
GLO: Cannectar ™ DE: Palyethylene Film Ji8(
coacial N (PE-LD) withaut
CPUIntsl SRLFG-  pghy GLO: Aluminium
Largs Dis - Latitude T ShestPurtSphea
CPU/GPU Intel pch
SRLFQ- Small Die - « DE: Natural Rubber g
(NR) (incl. LUG
MECSIO7.LU - Loras pghy
Die - Latitude. R DE: PVC shaped part 5%
Sphara
MECSI07-LJ - Small
ey vl DE: Steel coldrolled il
" il <1,5mm Sphera
SanDisk pch |
DINEDA.32G - » CN: Plastic injection pehy s PC/aBs - &
T meuldsd pare - V2 T Granulats
Second dieinIC1- pghy A
Chremeba ok Y ooy EU28E Aluminium ol ™
Sphera
Skhynix ech
[ —— » . GLO: Solder past= il
SnAg25 Sphera
CPU X12300757 SRKHO oy N
- Chrameback Y
PC <LCr h
—_—
\c P10 w93 ek R
S1141259- Chromebao H
1C 2122KLE P N GLO: Coin call ™
ZPS111-Chromsbaok » Wil
Intel SRLGH - CFU- pghy | " GLO: Cabls T-cara
Precision H pawsr 1BAWG PVC (16
Mizrochip ek |
MECS200-L1 - Large M
Micrachi esh N
MECS200-L1 - Small Y
Intel SRL2Z - ech
Cantraller Hub - u
MwETomEOw  pgh |
KGR - Alisnwars W
MwETosECY  pgh A
KGR - Alisnware H
CPU-Lara=Die+  pgh N
packags - Aliznware u
CPU - Small Diz enly pgha N
~ Alienwars
MISATTDIWCW  peh
4Z3H - Aliznware
Nuidia STW 214751 pgh Wl
BVUMOO Y

Figure6-20: Mainboard plan model structure (same foall four notebook types)
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12 Touchpad p

Process planReference quantices

12 Touchpad -
Latitude <L C=

12 Touchpad -
Chromebook <LC=

12 Towchpad -

Precision =LC=

12 Towchpad -

Alienware <L C=

Touvchpad switch px.nﬂ

S-S50

o,

psh

psha

pshy

Figure6-21: Touchpad selection for different notebook type$ Latitude 5430, Chromebook 3110, Precision 7670 and

Alienware MLK 15

12 Touchpad - Latitude

Process planReference quantices

p

Latitude 5430 GLOC: p[h . Touchpad mixer px{,o .| Product idummy ) Dell *o

Populated printed ¥ eu-sas ¥ su-sas

Chromebook 3110 Pfh »

GLO: Populated 4

Precision GLO: ech N PP <LCs &

Populated printed Fl .

Horizen 15GLO:  pghy N ¢ PYC <LCo &

Populated printed 4

(1Lt (e ™ N . PC <LC> h

board-to-board r h

CLO: Cable10. ™ ) GLO: Aluminium — pel Electricity ghy

: Cable 10-cors 3 A shest part [for ICT] <LC»

data ribbon 28AWG PE F P g
4 US: Industry average Q
" uncoated glass (NGA)

GLO: Connsctor S-ATA leg Connectar J&F

2 -~ 7 pins. gold ............... } SATA (kg ................... }

186

GLO: Steel sheet purtp[h Electricity [h
¢ <L Cx

Y

[for ICT] [p-agal

™

RER: Stainless steel
screw Sphera =p-ogg=

Y
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Figure6-22: Touchpad plan model structure (same for all four notebook types)

13 Display Camera p

“

Process plan: Mass [kgl

12 Diusplay Camera
Latitude <L C=

12 Display Camera
Chramebaak =LCs

12 Diusplay Camera
Precision <LC=

12 Display Camera

Alierware <LC=

psh

pshy

psh

b

b 4

-+

Display Carmera
switch =u-s0=

P Kaa

Figure6-23: Display Camera selection for different notebook type8 Latitude 5430, Chromebook 3110, Precsion 7670

and Alienware MLK 15

13 Display Camera Latitude p

Process plonReference quantices
The mamesof the bask processesare shown.

GLD: Populated pfh'

iCamera mixer

printed wiring baard

iy sos

-

-

h 4

-

Tpes
GLO: Populat=d  pghy’

printed wiring board 3
GLO: Populat=d  pghy’

printed wiring board 3
GLO: Populat=d  pghy’

printed wiring board  © e
e ™y
board-te-board 0,167 pes.

pX o

0,00308 kg

0,0025kg

‘Product tdummy ) Dl e}

“u-zan

iCamera «u-sos &

PC-ABS <LC=
0,007kg

EU-28: Barosilicate
5.0015 kg 8l9s production

&

o

Figure6-24: Display Camera selection for different notebook type8 Latitude 5430, Chromebook 3110, Precision 7670

and Alienware MLK 15
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12 Display p

Process planReference quantites

13 Display - Lotitude pg‘!‘!‘
| Cn

peh

12 Display -
Chromebook <LC=

13 Display - Precision pg‘!‘!‘
<LC>

12 Display -
Alienware =L C=

pehy

. Display switch

Poeu-son

w

w

w

pX

O

-3

e——

Product {(durmmy)_Dell
S-S0

O

-3

Figure6-25: Display selection for different notebook type$ Latitude 5430, Chromebook 3110, Precision 7670 and Al-

ienware MLK 15

13 Display - Latitude p

Process plonReference quantices
The mamesof the base processes ane shown.

GLO: Populated p N
printed wiring board 1pes v
GLO: Populated pfh. N
printed wiring board 0 pes. ¥
GLO: Populated pfh. N
printed wiring board 0 pes. ¥
GLO: Populated pfh. N
printed wiring board 0 pes. ¥
GLO: Connectar h. N
wire-to-board IDC 0 pes. L4
GLO: Cable l-core hl

power 1BAWG PV C (16 Om

GLO: Liquid Crystal pgfy

-

Display (LCD), Panel

-

-

-

0,206 kg
GLO: Connectaor hl
board-to-board 1,67 pes.
GLO: Cable10-core et
data ribbon 28AWG 0,233 m
GLO: Connectaor hl
coaxial 0 pes.

h 4

Display mixer
sU-s0

px

Product (dummy) Dell &
0,29 ka ¥ su-so=
P "GLO: Capper sheet PA'E'!'.‘ ______ Electricity gy
M 0 kg Part [for ICT] M =LC=

GLO: Gald (primary)  liad"

Y

2,8E-007 kg SPhera

¢ PP <LC> &
1E-007 kg

B PYC <L Co )
0,00232 kg

¢ PC <LC= )
0,0019% ka

-

DE: Matural Rubber

P

GE-005 kg (NRI {incl. LUC

"GLO: Alurninium

-

5.0237 kg chest part [Far ICT]

-

'GLO: Steel sheet

My <LCs

0,046 kg part [Far ICT] a1 <LCa

FY

RER: Stainless stesl h.

0 ko screw Sphera <p-agg>

Figure6-26: Display plan model structure (same for alfour notebook types)
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14 PSU p

Process planReference quantites

14 PSU - Latitude
P

14 PSL -
Chromebook =LCs

14 PSU - Precision
P

14 PSU - Alienware
wl T

Pk

Pk

pehy

peh

| PSU switch <u-so= pX

Ld

w

w

W

O

-

Figure6-27: Power Supply Unit (PSU) selection for different notebook typéd_atitude 5430, Chromebook 3110, Preci-
sion 7670 and Alienware MLK 15

14 PSU - Latitude p

Process planReference quantices

GLO: Populated peh

| PSU mixer <u-sos  pXgd
b

printed wiring board

GLO: Populated peh

printed wiring board

GLO: Populated p;h

-

printed wiring board

GLO: Populated p;h

-

printed wiring board

GLO: Connector power ligd

-

IEC-40320-C5 3-pin

GLO: Connector power il

IEC-40320-C4 3-pin

GLO: Connector USE h

-+

Type-A 4-pin socket

GLO: Cable 3-core h

-+

mains powsr 104/134

GLO: Cable 1-core

-+

power 18AWGE PV C (156

GLO: Connector power il

-

AC mains NEMA

-

| Product tdummy)_Dell &

¥ oeu-sas

>

PYC <L Cx h
PP <LC= h
FC <LCa h

>

US: Palyethylene film s

Y

(LDPE/PE-LD) Sphera

GLO: Steel shest part pghy

Fy

[for ICT] [p-agal

GLO: Aluminium pfh

>

shest part [for ICT]

CM: Copper shest h

Fs

Sphera

DE: Silicone rubber  ligg

(RTW-2, condensation)

Figure6-28: Power Supply Unit (PSU) plan model structure (same for all four notebook types)
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15 Other electronics p
Process planReference quantices
The mames of the basc processesare shown.

peh’

1 pcs.

Cther electronics pX o3

Mmixer su-so®

GLO: Populated

printed wiring board 0,0892 kg

GLO: Flexible printed ligg"

wiring baard, 1 layer, 505 eam

GLC: Populated pch’
printed wiring board 1 pes.

GLO: Populated
printed wiring board

psh’ N

1pes.
GLO: Cable 10-core  lad”

data ribbon 28AWG R
GLO: Connector audiolis”

TRS 3.5mm socket 1pes.
GLO: Connector SATA hl

7+ 15(22-pin) plug 1pes.
GLO: Connector h'

power DC circular 1pes.
GLO: Connectar SO hl

card micro THT/SMD 0,545 pes.

GLO: Connector
coaxial

"Product fdummry ) Dell 0"

“U-s0®

PA A& <L Cx

&
0,018 kg

US: Polyethylens film bt
0,00132 kg (LDPE/FE-LD) Sphera

. p— |t it "l
pef _oo0taz e &

2,47E-00& M

GLO: Brass sheet
0,00045 kg part (CuZn30) [for

0,000975 ka EU-28: Brass (CuZn20)ke”

Magnesium part cLCa[h' Sphera <p-aggs-

0,0523 kg
'GLO: Aluminium  pgh

0,0112 kg shest part [fer ICT] 0,000211 MJ
RER: Stainless steel hl

0,00129 kg serew Sphera =p-agg=

PP <LCa &'

0,015 kg

Figure6-29: Other electronics plan model structure (only used for Alienware MLK 15)
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AnnexC2: Desktop LCA for Exgrts Model

Packaging - Optiplex & Precision p

Process plan: Mass [kg]

Packaging- Optiplex
000 <L C=

Packaaging - Optiplex
JOOO0 <L Cx

Packaging-Precision
3260 =L C=

Packaging-Precision
5820 <LC=

Packaging-Precision
7820 <L C=

pehy

peh

psh

pehy

pshy

-

Product Mixer

-

-

-

Figure6-30: Packaging selection for different desktop type® OptiPlex 3000, OptiPlex 7000, Precision 3260, Precision

5820 and Precision 7820
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GLO: Corrugated pgh . Packaging mixsr pxgo
cardbeard box [for 7| cy-so>

EU-27: Paper [for th
ICT] Sphera <Mfg>

-

CN: Electricity arid mix N

Shhes : " GLO: Plastic film [for pehy
i ICT] [p-aagl Sphera

CN: Polyethylens Low h v
Density Granulate GLO: Polystyrene pfh
thiah impact)

w

»
GLO: Sink Sphera ﬁo

CU-50>

GLO: Electricity sink go
Sphera =u-so=>

*

GLO: Steam/thermal go
energy sink (MJ)

Figure6-31: Packagingplan model structure (same for all Desktops)

Mechanical - Optiplex & Precision p

Process phan: Mass [kg ]

Mechanical components - plrh GLO: Housing pxuo o
Optiplex 3000 <LC» Mixer - Desktop GLO: Product Sphera &
Sphera <u-so= “U-50%

Mechanical components - Pd‘ N
Optiplex 7000 <LC=» M
Mechanical components - p;h N

Precision 3260 <L Cx

Mechanical components - p;h N
Precision 5820 <LC» 7
Mechanical components - p;h i
Precision 7820 <LC> i

Figure6-32: Mechanical selection for different desktop typeg OptiPlex 3000, OptiPlex 7000, Pecision 3260, Precision
5820 and Precision 7820
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CN: Electricity arid
mix Sphera

12,7 M)

{Optiplex px G
tmechanical mixer

'GLO: FC-ABS-GFx
ey injection maulded

-

O 17 M

EL-28: Aluminium  py
sheet primary mixer

0,00145 11

"GLO: Silicone prh
ota Y injection mauldsd

GLO: Stainless ste=l £
screws [For ICT] Okg

-

RN

"GLO: Polysthylens  pgfa
o) terephthalote film

h 4

6LO: Aluminium di= pey’
om Sia

-

DE: Elastorner joint st
tape, silicons rubber Sha

-

"GLO: Stainless stezl prRy .
0,0274 1| shest part [For ICT] T ra

DE: Polyurethans £
Flexible faam Sphera S

"GLO: FET-GFx
o | injection moulded Sheal
Jo

DE: Polypropylens st
aranulats (FF) mix S

"GLO: Polyviny
chlarids injection JE.005 ke

-

-

-

0,000555 M

o

EU-28: Copper wire 40
(0.06 mm) Sphera SE.005 kg

-+

{—
"GLO: Capper shest  pgi3
o Ml part [For ICT] ia

—

EU-28: Palysthylene s’
Lews Density S

EU-28: Palystyren= s’
aranulate (FS) Sphera {1y

h 4

-

-

10.261 [N E

GLO: Electricity credit & BGLO: Thermal eneray <
Sphera <u-so» credit Sphera cu-sos

-0,261 M

CN: Electricity arid CN: Thermal eneray
mix Sphera fram natural gas

Figure 6-33: Mechanical plan model structure (same for all Desktops)
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RAM - Optiplex & Precision p

Process phnReference quantites

RAM-Optiplex 3000 pgh | RAM switch <u-so> pXg® | GLO: Product Sphera &
<LC> d ¥ eu-so=

RAM-Optiplex 7000 pgh

b
<LC> 4’
RAM-Precision 3260 pgh N
<LC» f
RAM-Precision 5820 pgh N
<L C> ¥
RAM-Precision 7820 pfh N

4

=LC>

Figure6-34: RAM selection fordifferent desktop typesd OptiPlex 3000, OptiPlex 7000, Precision 3260, Precision 5820
and Precision 7820

RAM-Cptiplex 3000 p

Process phinReference quantites

Output (dummy) p,o
“U-s0>

GLO: Populated  pXgh GLO: Sink (pes) Spherag® GLO: source (dummy, ¢& RAM Mixer - pX@
_ —_—
printed wiring cy-s0> pes) Sphera <u-so> Optiplex <u-so>

GLO: Gold {(primary) h
Sphera

h 4

EU-28: PVC adhesive sl

({approximation)

GLO: Sink (pcs) Sphera;‘o GLO: source (dummy, o

GLO: Open IC @
_—
<u-s0> pes) Sphera <u-so>

prh »
maodel (with

Figure6-35: RAMplan model structure (same for all Desktops)
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O sphera

SSD - Optiplex & Precision p

Process plnReference quantities

SSD Board
3000 <L C»

S50 Board
7000 «=LC>

S50 Beard
3260 <L C»

SSD Beard
5820 «<LC>

S5D Board
7820 <LC=~

, SSD Switch <u-so> pX

- Optiplex p;h N
- Optiplex pd] >
- Precision p;h >
- Precision p;h N
- Precision p;h >

o

—_

<U-S0>

GLO: Product Sphera

o

e

Figure6-36: SSD selection for different desktop type® OptiPlex 3000, OptiPlex 7000, Precision 3260, Precision 5820

and Precision

GLO: Papulated
printed wiring
board
(parameterized)

GLO: Gold (primary.
Sphera

7820

p)(gh GLO: Sink (pes) Sr,\herclgs>

“U-$0>

)

GLO: source (dummy, go

pcs) Sphera <u-so»

EU-28: Stainless steel h

screw Sphera <p-ag

EU-28: Polyethylens

-

a>

™

-

Film {(PE-LD) without

EU-28: PVC adhesive st

{approximation}

GLO: Open IC
model (with

GLO: Open IC
model (with

GLO: Open IC
model (with

L 4

pX[h GLO: Sink {pes) Spherclﬁo

<u-so>

pXgh GLO: Sink (pes) Sphera &

“u-s0F

ng‘h GLQ: Sink (pcs) S;:ohen:lg,o

“uU-s0

GLO: source (dummy,
pecs) Sphera <u-sox

GLO: saurce (dummy,
pes) Sphera <u-so>

GLO: source (dummy,
pcs) Sphera <u-sox=

o

&

O

&

o

&

h 4

_

—

_

Figure6-37: SSDplan model structure (same for all Desktops)
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SSD Board Mixer - px.ﬁ
Precision 3860

_

Output (dummy)

€U-50>
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O sphera

Mainboard - Optiplex & Precision p

Process phlonReference quantites

Mainboard-Optiplex p;h

. Mainbeoard Switch pxpo

3000 «LCs

Mainboard-Optiplex p;h

- Optiplex =u-so=

7000 <LC»

Mainboard-Precision p;h

w

3260 =L C»

Mainboard-Precision p;h

w

5820 <LC»

Mainboard-Precision p,rh

7820 <LC>

w

_

SU-S0>

GLO: Product Sphera

O

-

Figure 6-38: Mainboard selection for different desktop types OptiPlex 3000, OptiPlex 7000, Precision 3260, Precision

5820 and Precision 7820

GLO: Populated
printed wiring

pXgh »

“U-50>

Mainboard Connectorsgh

GLO: Sink (pes) Sphera &

GLO: source (dummy, =°
pes) Sphera <u-so>

& Battery-Pracision

GLO: Open IC pXch GLO: Sink (pes) Sphera &
madel (with <U-S0®
GLO: Open IC pXch GLO: Sink (pes) Sphera &

model (with cu-so»

CPU-Dall Precision pXgh
3260 <LC>

“u-so>

GLO: Gold, primary (mh

GLO: Sink Sphera &

GLO: source (dummy, 5@
pes) Sphera <u-sox

GLO: source (dummy, o2
pes) Sphera <u-so>

GLO: source (dummy) <&
Sphera <u-so»

_

C —

C —

Electronics) Sphera

Mainboard

A 4

Mzchanicals - Optiplex

Figure6-39: Mainboard plan model structure (same for all Desktops)

186

v

Mainboard Mixer -
Precision 3260

<U-50>

XL N

Output (dummy)

u-so=
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O sphera

Power supply board - Optiplex & Precision p

Process phnReference quantites

Power Supply Board- pgh . PSU Switch =u-so» ngo . GLO: Product Sphera ¢°
Optiplex 3000 <L C> r " cu-so»

Pawer Supply Baard- p!‘!]

IS
Optiplex 7000 <LC= v
Power Supply Board p!'!] N
- Precision 5820 "
Power Supply Board p!'!] N
L4

- Precision 7820

Figure6-40: Power Supply Unit selection for different desktop typed OptiPlex 3000, OptiPlex 7000, Precision 3260Pre-
cision 5820 and Precision 7820

Power Supply Board- Optiplex 3000 p o
Process plinReferenequantites Powerboard Mixer - Xgf
Optiplex 3000

<u-so>

GLO: Populated pch

printed wiring baard N
- PSU Optiplex 3000 ABS used as proxy for PC-ABS,
(parametarized)

GLO: ABSinjection  pghy

CN: Electricity arid mix
—_— —_—
mouldsd part [for Sphera
GLO: Cable 10-core i N
data ribbon 28AWG
GLO: Aluminium  pgh
——————
shest part [for ICT]
GLO: Connsctor ™ Connsctor Flow L
IEC-60320-C5 female ) Renamer —_—
(16,8 0, 2 pins) - based (IEC-60320-C5 3-pin
GLO: Steelwirarod &
" worldsteal
GLO: Connector ™ Connector Flow o
IEC-60320-C4 male —_— Finamer _—
(559, 2 pins) - based (IEC-60320-Ch 2-pin
EU-28: PVC adhesive  Jdd
(appr )
GLO: Connector NEMAj Connector Flow e
typeB @770, 3pins)- T Renamer (NEMA type »
h 4
GLO: Elactricity cradit 4@ GLO: Thermal anargy 4@
Sphera <u-so> credit Sphera <u-sa>
- -~
CN: Electricity grid mix CN: Thermal snergy
Sphera from natural gas

Figure6-41: OptiPlex 3000 Power Supply Uniplan model structure (same for all OptiPlex Desktops)
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O sphera

Power Supply Board - Precision 5820 p

Process plnReference quantites

PSU (5820) pch

iy

GLO: Cable 10-core h

data ribbon 2BAWG

GLO: Connector

-

wire-to-board IDC

GLO: Connector h

-

-

wire-ta-hoard

PSU (5820) mixer
“y-s0>

EU-28: Capper wire ‘0

&
————
(0.6 mm) Sphera

DE: Fan HDD ™
: {120X25mm, PWM)

PA 6.6 <LCx h
L ——

CN: Polyethylene Low h
¢ Density Granulate

DE: Palystyrens ™
—— .

aranulate (PS) mix

CN: Polyvinyl chloride h
S —— .

granulate (Suspension;

DE: Silicone rubber h
L — )

(RTV-2, candensation)

DE: Steel cold rolled st
—
coil <1,5mm Sphera

Figure6-42: Precision 5820 Power Supply Uniplan model structure (same for all Precision Desktops)
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O sphera

Electromechanical components - Optiplex & Precision
Process plan: Mass [ka]

Electromechanical & Other
Components - Optiplex 3000

Electromechanical & Cther
Components - Optiplex 7000

Electromechanical & Cther
Components - Precision 3260

Electramechanical & Other
Components - Precision 5820

Electromechanical & Other
Components - Precision 7820

Electromechanical pxgﬁ
- Product Mixer
cu-so>

.

psh

peh

»

P

Figure6-43: Electromechanical conponents selection for different desktop typesd OptiPlex 3000, OptiPlex 7000, Preci-
sion 3260, Precision 5820 and Precision 7820
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O sphera

Electromechanical & Other Components - Optiplex 3000 p

Process planReference quantites

GLO: Cable 10-core h o o
data ribbon 2BAWG — Electromechanfcul pXg GLO: Product Sphera &'
Components Mixer ! “u-so>
- Optiplex 3000
“U-s0>

GLO: Connector

) —
wire-to-board IDC
DE: Copper wire (0.064 go
—
mm) Sphera
DE: Fan PSU ™

ﬁ
(78X25mm, not PWM)

DE: Magnet h
ﬁ
Md-Fe-Dy-B Sphera

Figure6-44: OptiPlex 3000 Electromechanical & Other compnents plan model structure (same for all OptiPlex Desk-
tops)
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O sphera-

Electromechanical & Other Components - Precision 5820 p

Process plnReferen-equanties

N

GLO: Cable10-core  bist
data ribban 28AWG
GLO: Connector ™

4

wire-to-board IDC

DE: Copper wire (0.06 &

-

mm) Sphera

DE: Fan PSU

(78X25mm, not FYWM)

-

DE: Magnst ™
Nd-Fe-Dy-B Sphera
DE: Fan HDD ™

(120%25mm, PYWI )

GLO Comnestor SATAMML

2,7 pins, asld

GLO: Cannector SATA bl

Converter [massta  pao

pizce] <u-zos

-

7 + 15 @2-pin} plug

™

GLO: Connector

wire-to-baard

GLO: Comnestor Stack b

Klsmms Leists (30, 2

GLO: Cannector HOMI b

Converter [massta  pao

-

pisce] <u-sax

-

Type-A 19-pin plug

GLO: Connector HOMI g

Type-A 19-pin sacket

GLO: Connector power i

|EC-&0320-C14 3-pin

GLO: Cannector power il

-

IEC-60320-C13 3-pin

™

GLO: Connector
SATA/SAS - based on

_

Converter [massto po‘)

+

piecel <u-so»

|| GLO: Product Sphera o

¥ cu-sas

Nation: X2
Electromechanical
Componsnts Micsr

- Precision 5820

“u-zos

Figure6-45: Precision 5820 Electromechanical & Other componentplan model structure (same for all Precision Desk-

tops)

Graphic Card - Precision p

Process planReference quantities

peh

Graphic Card-
Precision 3260 <LC»

Graphic Card-
Precision 5820 «<LC»

Graphic Card-
Precision 7820 <LC»

, Graphic Card

P Switch <u-so=

o

& GLO: Product Sphera g,o

CU-S0>

pX

Figure6-46: Graphic Card selection for different desktop typed Precision 3260, Precision 5820 and Precision 7820
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O sphera-

Graphic Card- Precision 5820 p

Process planfeferencequantities

CN: Electricity grid mix
Sphera

Figure6-47: Precision 5820 Graphic Cardplan model structure (same for all Precision Desktops)

186

-

GLO: Populated  pXgh
printed wiring

board

{parameterized)

GLO: Gald (primary)  Jdl
Sphera

EL-28: Stainless steel g
screw Sphera <p-agg>
EU-28: Polysthylens |l

Film (PE-LD) without

EL-28: PYC adhesive  lidd
{appraximation)

GLO: Open IC pXh
madsl (with

GLO: Open IC pXh
madsl (with

GLC: Cpen IC pXh GLO: Sink (pes) Sphara oo GLO: source (dummy,

model {with

GLO: Silicons peh
injection moulded

]
GLO: PC-ABS-GFx  pgh

injection moulded

GLO: Polyprapylens
injection maulded

1
GLO: Stainless stzel  pgh
sheet part [for ICT]

o

B

GLO: Cable 10-core  bisd
data ribben 28AWG

GLO: Connector HOMI g
Type-A 19-pin socket

GLO: Connector Steck il
Klemme Leiste (3 g, 2

1
GLO: Connactor SATA Jat
7+ 15 22-pin} plug

GLO: Connector USE g
Type-A 4-pin sockst

GLO: Electricity cradit oo
Sphera =u-so=

€N: Electricity arid mix
Sphera

—_—

GLO: Sink (pes) Sphera & GLO: source (dummy, <&

<u-gas

pes) Sphera <u-sox

—

-

—

—

GLO: Sink (pes) Sphera & [ [ e ey

<u-sas

GLO: Sink (pes) Sphera & [ [ e ey

<u-sas

su-sos

pes) Sphera <u-sox

pes) Sphera <u-sox

pes) Sphera su-so»

—

——

_

-

-

_

Klemme mass to pisce oo

su-sor

-
GLO: Thermal eneray oo
credit Sphera <u-so>

-

€N: Thermal eneray
fram natural gas

Cutput (dummy)

“U-50>
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O sphera

Disk Drive-Cptiplex & Precision p

Process plan: Mass [kg]

Optical Disk Drive - P.!'h ODD_Switch |:h'(g¢ GLO: Praduct Sphera HO
Optiplex 7000 <L C> cU-son “U-gon

HOD board - rch A
Precision 3820 <L C= 4
HOD board - prh

Precision 7820 =L C=

Figure6-48: ODD and HDD selection for different desktop type® OptiPlex 7000, Precision 5820 and Precision 7820
Optical Disk Drive - Optiplex 7000 p
Process planReference quantites

GLO:; Product Sphera go

<U-50>

GLO: Populated PA'!'! Drive - Optiplex px.,o
printed wiring beard Mixer <u-so=

GLO: Connector SATA H

. _—
7+ 15 (22-pin} plua

GLO: Connector h
board-te-board

_

Figure 6-49: OptiPlexOptical disk drive (ODDjplan model structure
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O sphera-

HDD board - Precision 5820 p

Process plan: Mass [kg] CH: Electricity arid mix
Sphera
GLO: Papulated ech Hard dise board  pX & GLO: PC-ABS pch,
i B L PR - B AN .
printed wiring board " MIxer <u-sos injection moulded
+
GLO: Connector HDMI h GLD: Palypropylens pﬂ'h'
. N 4 . .
Type-A 19-pin socket injection moulded
GLO: Connector h DE: Steel cold rolled h
— -
SATASSAS - based on — coil =1,5mm Sphera

GLO: Stainless steel

screws [for [CT]

GLO: Hard disk drive  bd
(HDD), 2.5", 3 platters,

Figure6-50: Precision 5820 HDD boardplan model structure (same for Precision 5820 and Precision 7820)

s

WLAN-Optiplex p

Process plan: Mass [kg]

WLAN - Optiplex  pghy WLAN Switch  p X GLO: Product Sphera o
7000 =LC» LU-50n <U-50>

Figure6-51: WLAN selection for OptiPlex 7000
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O sphera

Figure6-52: OptiPlex 7000 WLANplan model structure

Figure6-53: Antenna selection for OptiPlex 7000
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