Product Stocks and Flows

: :'.':;’,’::“"mml hCRM Content & Inventory on CRMs EU-Urban Mining
atabases
2) Reporting registries < ";“"'T.“'o" from Urban Mines Knowledge Data
el . Platform
3) Research databases B ﬁ -
B i
n | Others. [P - e SR [T Web-based
AAaaas Stocks gorta)
Ly CRM contentintarget = __[efape s
waste types . ?. o
H-E--N 3 >
""""" ® P | ~~ Data Filtering
2 £ A .
Pl fele fel 3 Flows Y Capability
: : »
> Es = &4
: Z38 % Advanced Search
@ 3 New & Waste EEE | . =" =8 A% ITo Functionality
8 S=2 ')* . o !
S (n o2
s Y %, 3
3 g 5> t V4
2 1 8o
s @G 3 & Maps Statistical
2
% 3 New & End-of-Life ) i £ 8 Computation
= Vehicles €=
£ 3 { .g =
g 1 .2 g’ E: Report
e § = | { Generation &
> £ S M
§ £ . Frends ~ I, Visualisations
o New & Spent AT H .
o Batteries = J
ﬁ‘:’ | 8 - ~ Interoperable
o o -~ Y
A - < :;i;‘) with
2 A\ Bt Minerals4EU
Mining Tailings - 2T Processing/ Recycling b et Kno:vledge Data
Infrastructure Platform

Project

Acronym

Grant Agreement
Funding Scheme
Webpage

Work Package

Work Package Leader
Deliverable Title
Deliverable Number
Deliverable Leader

Version:
Status

Authors

Reviewed by
Email
Scientific Coordinators

Email

Thi s
programme under gr

project

Deliverable 3.3

Prospecting Secondary raw materials in the Urban mine and Mining waste
ProSUM

641999

Horizon 2020

http://www.prosumproject.eu/

Work Package 3

Jaco Huisman

Product Stocks and Flows

3.3

Jaco Huisman, United Nations University

v4.l

Final

Jaco Huisman(UNU, Hina Habib(UNU, Kees Baldé(CBS, Vincent van StraalenCBS,
Perrine Chancerel(TUB, Claude Chanson(RECHARGE Maria Ljunggren Séderman
(Chalmerg, Duncan Kushnir(Chalmers.

Project Management Team

huisman@unu.edu

Dr Jaco Huisman, Scientific AdvisdgNUd VIE SCYCLE

Nikolaos Arvanitidis, Chair of the EGS Mineral Resources Expert Group
huisman@unu.edu

nikolaos.arvanitidis@sgu.se

has received fundi from t he

ant agreement No 641999.

ng


http://www.prosumproject.eu/
mailto:huisman@unu.edu
mailto:huisman@unu.edu
mailto:nikolaos.arvanitidis@sgu.se

Document Control

Project Coordinator: WEEE Forum
Work Package Leader: UNU
Deliverable leader UNU
Due date: M24 31 December 2016
Date of submission: M25 06 January 2017
Dissemination level: RESTRICTED
Version history
Ver. no. Date Reason for release Responsible
v1.0 16.11.2016 Initial outline UNU
vl.l 02.11.2016 Initial partners input TUB, Chalmers, UNU
v1.2 07.12.2016 Initial review by deliverable leader JH UNU
v1.3 09.12.2016 Revisedpartners input Chalmers, TUB, UNU
v2.0 12.12.2016 Draft revised by JH JH UNU
v2.1 15.12.2016 Comments received by Sarah SD, Repic Ltd
v2.2 16.12.2016 Comments received by Vincent WS, CBS
v2.3 16.12.2016 Comments received byAmund AL, EMPA
v2.4 18.12.2016 Revised input by partner PC, TUB
v2.5 20.12.2016 Revised input by partner DK, Chalmers
v3.0 20.12.2016 Reorganized by deliverable leader JH, UNU
v3.1 20.12.2016 Revised structure HH, UNU
v3.2 21.12.2016 Revised draftinput by partners PC, DK, HH
v3.4 21.12.2016 Final draft HH, UNU
v3.5 22.12.2016 Last inputs and corrections by partners PC, DK, CC, AL
v4.0 22.12.2016 Approved by deliverable leader JH, UNU
v4.1 3.1.2017 Final proof read & amendments JHo
Notice

The contents of this document are the copyright ¢ie ProSUM consortium and shall not be copied
in whole, in part, or otherwise reproduced (whether by photographic, reprographic or any other
method), and the contents thereof shall not be divulged to any other person or organisation without
prior written permission. Such consent is hereby automatically given to all members who have
entered into the ProSUM Consortium Agreement, dated 1st December 2014, and to the Research
Executive Agency / European Commission to use and disseminate this information.

The irformation and content of this report is the sole responsibility of the ProSUM Consortium
members and does not necessarily represent the views expressed by the European Commission
or its services. Whilst the information contained in the documents and webpagof the project is
believed to be accurate, the author(s) or any other participant in the ProSUM consortium make no
warranty of any kind with regard to this material.



Contents

[ To Yo U 1= o1 (o] 1 (o] PSP 2
NN T PRSP 2
(070101 (=] 01 = JP PP U PP PP PP PPTT TR 3
IS Ao o T (= PP 4
IS 0 ) =V o] 4
PURPOSE......ccci ittt ettt ettt e e e e ammt e e e e s e s sttt eeeeeeeeeesammmeeeeee s nssasaeeaeaeeeeessmmneeseannnes 5
EXECUTIVE SUMMARY. ... .ttt iieme e eeiitteetae e e e e e s s ssmmnasassssssaseaeaaaeeasssssmnnssansssssssesesaaeens 6.
O [ 011 0T [T i o o P OO PO P PPPPPPRR 8
1.1.  Aim of the deliVerable.............uuuiiiiiiii e 8
1.2.  Overview of MethodOIOGIES. .......cc.uuiiiiiiiiie e amne s 9
2. Model for stocks and flows of end of life Products.............coeveeeeiiiiiccen s 12
2.1. Model for BATT (extended from D3.1).......ccouiiiiiiiiiiiiiimeeiiiieee e enessi e 12

2.1.1.  MOdel AttFDULES.....cciiieiiiiiiiiieeee et e 12

2.1.2.  MoOdel arChitECIUIE.........uuiiiiiiieee e ierer et e e e e e e e e e s e snaesennnnes 14

P20 G TR |V o o = I 11 41 = (o £ PUERES 16
2.2.  Model for ELV (extended from D3.L1)......cooiiiiiiiiiiiiiie et 17

Nt S |V o o = I N ] o P 17

2.2.2.  MoOdel ArCRItECIUIE........iiiiiiiiiiee e eeer et e e e e e e e e s naesennnnes 17

R TR = (<o U (o] o PP UPPRR 19

P o T = I T g1 = AT o L 23
2.3.  Model for WEEE (extended from D3.1)........ccciiiiiiiiiiiiieeeee e 23

2.3.1.  Model @ttriDULES. .. ... 23

2.3.2.  MOdEel ArChitECIUIE.........uiiiieiiiee e eeceeee et e e e e e e e e e e e neeaennnnes 23

2.3.3.  Model IMItatiONS.......c.uueiiiiiiiee e ieee e eees e e e e e e e s e s sneeennes 27
G F = 1S U 30
1 Tt B o =S £S3 =  PPS 30
3.2, RESUIS ELV..ceiiiiiiiiiiiiiiiiiiiiimrme ettt ettt eeeet e mmme e e e e e e e e e e e e e e e e e e e 32
3.3, RESUIS WEEE....... ..ttt rmmee e ettt e e e e e e e e e s rmmne s e eeeaeeeas 34
4. Concluson and ReCOMMENUALIONS........uuiiiiiieeeiiiiiitireeiiieeeeeee e e e e e s s eeessereeeeeeeeaeeeeannns 37
o N = T V1 = 1= SR 37
Y - o1 o1 = 37
4.3. Waste Electrical and Electronic EQUIPMENT............cooiiiiiiiiiimmmiiiiieeeeeeeeeeee e 38
N N[ ] (=] o TP UPPPPTPPTR 38
LT =] (=] (= o7 39



List of Hgures

Figure 1 Simplified ProSUM calculation SEQUENCE. ............eeiiiiiiiiiiiceeeeeeeiiieieee e eeee e 8
Figure 2 Pert chart positioning D3.3 in WP3 and other work packages.............cccccovvriieeannennn. 9
Figure 3. Vehicle stock flow modelelements and primary data SOUrCesS..............cccooveuvvvieennns 19
Figure 4. Data Structure of the main tables in the primary data SOUrces..............cccceecieeenns 21
Figure 5. llustration of the first steps of the algorithm to infer the full age distribution and
ASSOCIALEA 0SS FUNCHION. .....ciii ittt eer e e e e e s s e e e e 22
Figure 6.lllustration of Multirvariant Input Output Model.............oooiiiiiiiiiieeee e 24
Figure 7. Volumes of LICe@QLHNMC and NiMH batteries POM between 1998 an@014 in laptops
and tablets in EWR28. (Data source: Avicenne, extracted by RECHARGE)............ccccvvvvieeeeee. 30

Figure 8. Estimated volumes of LiCeCLINMC and NiMH waste batteries from laptops and tablets
generated in the EU between 2004 and 2020. (Data sources for the stocks and flows modelling:
POM: Avicenne, extracted by RECHARGE; residence times: Bebat)...........cccccevvveeeeeeenennnn. 31
Figure 9. Evolution of the stocks of batteries of laptops and tablets in Germany. (Data sources for
the stocks and flows modelling: POM: Avicenne, extracted by RECHARGIHHEgree times: Bebat)

Figure 10. Distribution of total mass of vehicles in the fleet by drivetrain type and country, EU+ETFA
2015. Note the very different scales for the two graphs. Data sources for the stocks and flows
modelling: POM and Stock: EUROSTAT, Trade Flows: COMEXT, Average Mass per POM year: ICCT

............................................................................................................................................... 32
Figure 11. Registered ELV treatment and undocumented end of life flows. Source: adapted from
EUROSTAT and model results for deregistered VEhICIES............oevvvviiiice e 34
Figure 12. POM per Member State in Kg/inh, 2015............cooiiiiiiiiiiiieeeiee e, 35
Figure 13. Stock in kg/ inh per Member State for year 2015.............cooooieeiiiiiiccevvieeeeieeiies 35
Figure 14. WEEE generation in Kg/inh, 2015............ouviiiiiiiiiiiie e 36
List of Tables

Table 1. Literature overview of main IOA models (Wang et al., 2013).........cccccvvvverrieeaceeennn. 10
Table 2. Combinations of keys, sukeys and applications for which the stocks and flows modelling
IS CONAUCTEA SEPAIALEIY . ....eeiiiieiiiiiiit ettt eeeer e e e e e e e e e s emer e e e e e e e e e e annnes 13
Table 3. Opportunities and limitations of the different data sources on POM batteries......... 15
Table 4. Average weight of batteries depending on the BATT kals and the applications (in
KIlograms) (AVICENNE, 20L6) .. ..uuuuuuriuuriiuiiiiiimmeeeeeeeeeeeeeeeeeeeeeee e s eeeesaa e s aa s s s s e s aasseaaseessmmmreseeeeees 15
Table 5. Vehicle keys, sukeys based on type, drivetrain, engine displacement, and weight.18
Table 6. Data sources for model input, by model component............ccccvvviiiiieeeeeeeeeeeeeeee, 20
Table 7.Product average weight per UNU key (in KQ/PL)......ooooeeiiiiiiii e 25
Table 8. Weibull distribution per UNU K&Y...........ooooiiiiiii i mmme e 27
Table 9. Estimated average mass per vehicle key, EU+ETFA in use stock, 2015................ 33



PURPOSE

The objective of this eport is to describe the steps taken taleliver (an) innovative, robust and

dynamic mode(s) assessingthe historic and current stocks and flows of huse and endof-life

batteries (BATT), vehicles (ELV), and electric and electronic equipment (EBEEU28+2.
Deliverable3. 3 606 Product st oc ks andfoarther fteratoncd [Beldverable 3.Jan e xt e
®@Hi stori c an dwhichuakes emihvenfory ofwhe @dta sourcesand provides an

approach toassess the product market inputs and stocks of selected waste streams leading to

the waste generation.

TheMultivariate SalesStock-Lifespan methodis used to determine stock and flows oEEE From
this model, applied in several EU member statgthe required modelling parameters are extracted.
This is used in a common methodology for which the market inpc@amponent isdetermined by
the apparent consunption methodand subsequently the WEEE generated volumes are calculated
by using the lifespan parameters in aaleslifespan approach The WEEEIata model is written in

R (a programminglanguage and environment for statistical computing angroducing ofgraphics).

Asimilar saleslifespan approachis also applied to determine battey stocks and flows similar to
the WEEE approach, where for the sales component the déagprovided by the industry partners
Eucobat and RechargeHere,the data model is castructed in Excel. For vehicles, stock-ifespan
approachis used andthe model is constructed in Pythonin this case, the main data sources for
vehicle fleets is derived from Eurostat.

This deliverable consists of

1 This reportwhich isdescribingthe attributes, architecture and limitationsof the developed
product group specific datamodels and the highlights from the results

1 Three attachmentsin Excelwith the currentBATT, ELV and WEEE ds¢#s according to the
ProSUM harmonized formatThe attached datasets include data uncertainty and data
quality for each data point This is alsancluding any comments related to the data quality
assessment, the description of data consolidation steps where applicable, and the type of
estimation in cases where a measured data andidr coherent estimate was included e.g.
from extrapolation, interpolation, etc.Also included are all sources used and their
(temporary)y metad at a | D6s as they will Thedataseteale i n t h ¢
also providedinternally in the ProSUM project for use within WP5 to populate the unified
ProSUMdata modeland to further develop the necessary programming



EXECUTIVE SUMMARY

This Deliverable describes theindividual stocks and flow modelsfor BATT, ELV and WEBEEe
outcomes ofthe modelling work and the resultinglatasets. For each of the product groups the
relative availability of data limits the extent to which stocks and flows can be modelled.
Furthermore, the techniques used for modelling are based on the extise of the relevant ProSUM
partners and, as a result, differ for each of the product groups. For BATT MS Excel is used, for ELV
it is Python and for WEEE it is R (anguage and environment for statistical computing and
graphicg and MS Excel. Howevethe unified data model previously developed within ProSUM
allows the results of stock and flow modelling for each product group to be harmonised.

Two versions of Input Output Analysis (IOA) have been useddietermining stocks and flows of
products. Thevehicles stocks and flows data model is based ostockdifespan approach and the
batteries and WEEBtock and flow analysids based onmultivariate sales-stock-lifespan analysis
Both models are structured ima similar way butthe calculation sequenceis different. The stock
and flow modellingis in placeand is functioning but does needfurther reconciliation linked to WP2
and WP4and for D3.4 and D3.5 work.

TheWP3work was conductedby executing thefollowing steps:

Model selection (completed irD3.1)

Arranging data accordinglyp@artly completed in D3.1)

Harvestingof data (completed in D3.2)

Processng and consolidating thedata, (partly covered in D3.1 and D3.2and completed

here in D3.3 for EEE and ELV and partly foABTwith an overview of results provided in

Chapter 3 below).

5. Describing the consolidation procedure including specification data quality, uncertainty
and metadatafor all sources used(Finalised as a first complete dataset for thi$3.3).

PN PE

Battery results

Preliminary researchin D3.1 and D3.2 conclued that it is necessary to conduct the stocks and

flows modelling, not only according to the BATT skibys, but also differentiatingbetween the

different applicationsin which batteries are embeddedsuch as EEE ad vehicles Alist of 50

combinations of keys, sulkeys and applications for the stocks and flows modelling was developed.

Compared to the status quo presented in Deliverable 3.1, the coverage of the collected data has

been considerably expanded, and thmodelling approach has been tested. Preliminary results for

laptops and tablets for the European Union as well as Switzerland and Norway are presented as

the proof of principle of RurtherdalaRkvil lbeGohdavdilable imoni s e d
early 2017 and this will enable stocks and flows modelling to be finalised for BATT.

Key imitations and uncertaintiesare related to parameters used in the modellingrheyare subject
to a range of uncertainties regarding the use of average weights per batte the lifetime
distribution, the POM volumes, and the national data.

Vehiclesresults

Following on from the work undertaken irD3.1, the vehicle stockilow model has been
implemented and preliminary results are availableThe focus in this Deliverablés on testing,
verification and integrationof all available data The greliminary outpus are now availableand can

be tested. In terms of the project requirements, the model is capable of expressing stocks and
flows of vehicles inside the ERB + EuropeanFree Trade AssociatiorHTFA, to a granular level of
detail (vehicle keys)which is both novel and a prerequisite for linking the vehicle flows to the
product (WP2) and waste stream composition (WP4).

WEEFResults
Similar to ELVthe WEEEstock and flov modellingis implemented withessentially completeddata

specifications.In addition, thestock and flow analysisadopts previouspublishedresearch for the
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WEEEArticle 7 common methodology report. A dedicatedcript is written in R by Statistics
Netherands enabling the public release ofthe stocks and flowsmodel including the amounts
placed on the market.A detailed instruction to construct and to downloathe source data files is
givenat https://github.com/Statistics -Netherlands/ewaste

The openstocks and flowsmodel also provides uses the optionto export data in XLS formafThe

stock and flows modeis specificallycategoise d accor ding to the O6ProSUM
(in both UNU Keys and recast WEEE directive categories in Annexatid) allows for filtering and

updating for new electronic products.It is important to note that his work is ongoingdue to the

huge amaunt of measured raw data availableThis work is ongoing, for example, to update data

for PV panels (UNU key 0002), correction of odd average weights and product count combinations

in cases where the multiplication is plausible, but the underlying parameseare not realistic.

Next steps for BATT, ELV and WEEE

The stocks and flowsare quantified and available for further reconciliation and programminig
WP5 and allows the continuation of WP3as planned for theupcomingDeliverables 3.4 and 3.5
aiming to link the product stocks and flows with the compositionakork from WP2 on product
composition andfrom WP4 for waste stream compositions.

Using the principles for the EWUMKDP architecture, the outcomes and detailed calculation
sequences of the individual stock and flow models for BATT, EEE and ELV are now structured
according tothe ProSUM single unified data modedhown in the figure below The unified data
model will linkproduct composition (WP2) and waste stream composition (WP4) with stocks and
flows. It is important that dataconsolidationis harmonisedaccording to theProSUM data quality
parameters explained inD2.5, D3.2 and D4.2 This will allow for error propagation analysis and

full assessment of the results over the entire calculation schema from elements to materials to
component and products and flowss well asa uniform way of describing all sources used.

D2.5 CRM data consolidation and Datasets
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https://github.com/Statistics-Netherlands/ewaste

1. Introduction

1.1. Aim of the deliverable

According to the Description of Action, this Deliverable 3.3 addressaad analysesdifferent
modelsfor characterising stocks and flowsn order to determine the required sophistication level
needed for WEEE, BATT and ELV, givbe data quality, uncertainty,and availability of different
data. Sincekey modelling decisions for the respective product groupse takenin D3.1 and in the
stock and flow modelling discussionin WP3, the aim of this delierable goes beyond selection of
the desired stockand flow quantification method For WEEE the airis to consolidate and finalise
available data For the BATT and ELV, the aigto continue the data gathering in D3.1 and D3.2
to selectthe stocks and flows model, and to consolidate all findings.

From section 1.3 of Deliverable 3.1a set of basicquantification methodsin D3.1 including thea)
Time Stepapproach b) Market Supplyor sales lifespan approach c) Stocklifespan approach d)
Leaching Mode] the most appropriate model has been selectedfor ELV and BATT. For EEB\U
developed and has applied herethe e) Multivariate Salesd Stock- Lifespanapproach from which
specific lifespan parameters are extracted for use in a more diregersion of the sales lifespan
approach (b). Based on previous analysis, a saled lifespan model(b) is also being applied for
BATT For ELV, due to the highest quality of dataeing available for vehicle fleet sizesa stock d
lifespan model(c) is being used

Thesecond aim of this deliverable is tprovide acomplete, harmonisedapproachaccording to the

classificatiors developed in Deliverable 5.3This is aligned wittwork undertaken irt

w Deliverable 2.5 on the product composition: Here the focus isn the composition of
individual products, components and materials to determine composition(s) (trends).

W Deliverable 3.3 on the product stocks and flows: Here the focus is on product characteristics
such asaverage weight and lifespan resulting from thmodel in order to compare against

the respective information in t heFigarel).l ect ed a
w Deliverable 4.2 on the waste flows. Th®&VEEEgenerated amounts are compared to the
actual measured product cHdnval ues)henvirguaues

from the composition and stocks and flows, the availablefeand cf plus mH) steps are
included. These will be frther elaborated and consolidated byJune 2017 when the
scheduled data reconciliation process is finalised.

Utilising data fromWP2 and WP4, aingle inventory has been developeth order to describe all
sales, stock and waste (flow) information in a consistent manner and to allow WP5 to further
develop the programmindor data presentation in the EHUMKDR This includes recent updateso
the cade lists derived from additional analysiand description ofthe meta-data for both individual
sources andthe entire stocks and flows datasets for BATT, ELV and \EEE

Figure 2 shows the position of this deliverable in relation to other deliverableés ProSUM
Deliverables 3.33.5 cover the stocks and flowsmodel development forend of life products
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