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Outline

▪ Introduction

▪ Product and waste characterisation approaches

–Ex ante vs. ex post data generation;

–Data availability and quality in ProSUM

▪ ProSUM case studies

–General approach;

–Goals and scope of case studies;

–The case study of Printed circuit boards (PCB).

▪ Conclusions and outlook
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Ex post data

generation
(sampling, dismantling, 

sorting, weighing, 

chemical analysis of

waste fractions -products, 

-components)

Ex ante 

data

generation
(bill of materials, 

materials declaration, 

design sheets etc.)

Use

Stock

Products 

entering use
Waste

generated at 

EoL

Ex ante vs. ex post data generation
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Data quality in ProSUM

Raw data Consolidated data

▪ Measurement method;

▪ Modelling approach;

▪ Sample size;

▪ Temporal scope definition;

▪ Consistency of description.

▪ Representativeness;

▪ Number of data sources;

▪ Temporal change.
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Challenge "Biased Data"

biasedunbiased

imprecise

biasedunbiased

precise
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▪ For selected (ex post data generation) case studies, address

– pitfalls and sources for systematic errors during sampling, 

sample preparation and/or chemical analysis;

– possible improvements;

– the potential for methodological and procedural simplification.

▪ Case study selection criteria:

– relevance for the urban mine with respect to CRM mass and

mass fraction;

– sample availability;

– methodological challenge.

General approach
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Deliverable reports

2 guidance documents 6 Technical annexes

...
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Goals & scope of case studies

Introduction
Product and waste 

characterisation approaches
ProSUM case studies Conclusions and outlook

 

Product/ 

component/ 

waste fraction 

Goal Scope Methododological focus Data 

type 

 Samples Properties Samp- 

ling 

Sample 

prep. 

Chem. 

analysis 

 

  

Alloys 

 

 

¶ Validate fast CRM mass frac-

tion determination with 

handheld X-ray fluorescence 

spectroscopy (XRF) 

¶ Eight different alloys 

(steel, aluminium, 

and nickel alloys)  

¶ Mass fractions of Al, As, C, Co, Cr, 

Cu, Fe, K, Mg, Mn, Mo, Nd, Ni, P, 

Pb, Pt, S, Si, Sn, Ta, Ti, V, W, Zn, 

Zr 

 

  

 

 
e-m 

m-c 

Battery ash 

 

 

¶ Develop and apply validated 

methods for the quantitative 

determination of selected 

CRM  

¶ One mixed waste 

sample of low-value 

lithium-ion batteries 

from a treatment trial 

¶ Mass fractions of Al, As, Au, Ag, 

Ce, Cd, Cl total and Cl water solu-

ble, Co, Cu, F total and F water 

soluble, Fe, La, Li, Mn, Ni, P, Pb, 

Pd, Sb, V, Ti and Zn 

  

 

 
 

e-f 

Mining waste 

 

 

¶ Develop and apply validated 

methods for the quantitative 

determination of selected 

CRM  

¶ One mixed mining 

waste sample from a 

tailing dam of an Apa-

tite iron mine in Swe-

den 

¶ Mass fractions of Al, As, Ba, Ca, 

Ce, Co, Cr, Dy, Fe, Ga, Gd, K, La, 

Li, Mg, Mn, Na, Nb, Nd, Ni, P, Pr, 

Rb, Si, Sm, Sn, Sr, Ta, Th, Ti, V, W, 

Y, Yb, Zn and Zr. 

  

 

 

 

e-f 

Printed circuit boards  

(PCB) 
 

 

¶ Develop and apply validated 

methods for the quantitative 

determination of  selected 

CRM 

¶ One mixed printed 

circuit board sample 

from desktop PC 

¶ Mass fractions of Pd, Ag, Ce, Nd, 

Eu, Tb, Cu, Fe, Sb, Ga, Sn, Co, Pb, 

Pt, Au, La, Pr, Sm, Gd, Dy, Al, Zn, 

As, Ge, Ta and Cd 

  

 

 

 

e-c 

Shredder light fraction 

(SLF)  

 

¶ Develop and validate a sam-

ple preparation method as 

well as qualitative and quanti-

tative chemical analysis 

methods for selected CRM 

¶ Six automotive 

shredder residue 

samples from an ELV 

shredder batch test 

¶ Mass fractions of Ag, Al, Au, Be, 

Cd, Ce, Co, Cr, Cu, Dy, Fe, Ga, Ge, 

Hg, In, La, Mg, Nd, Ni, Pb, Pd, Pt, 

Sb, Sm, Sn, Y, Yb and Zn  

 

 

  

 

 

e-f 

(W)EEE and (waste)  

batteries 
 

¶ Determine minimum sample 

size 

¶ WEEE from container 

collection (SHA), sep-

arated UNU and bat-

tery keys 

¶ Product counts for WEEE and bat-

teries in waste flows 

¶ Property distribution of waste  
 

 

 

 

 

 

 
e-p 

e-f 
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1. Identify and apply validation methods for chemical

analysis of PCB;

2. Ascertain opportunities and limits of standard wet-

chemical analysis in comparison with optimised

methods;

3. Determine opportunities and limits of fast analysis

(XRF); and

4. Describe general sources for errors and

systematic effects, respectively.

Analytical 
challenge

High content 
of organic 

matrix

Fe, Cu, Al >10 
m%

Very small 
mass fractions 
of REE (<200 

ppm)

High number
of different 

Analytical challenge

Objectives

Methodology

Semi-quantitative XRF measurement

Identification of (reference) methods 

for chemical analysis of PCB

State of 

the ART

Validation 

of 

methods

Recommen

dations

Routine and optimised wet-chemical 

analysis

Quality assurance steps (e.g. spiking 

and element recovery)

Lessons learned, sample and element 

specific recommendations

Printed circuit boards (PCB) (I)

Introduction
Product and waste 

characterisation approaches
ProSUM case studies Conclusions and outlook
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I XVIII
1 2

H He
1,008 4,003

Hydrogen Pe

3 4 5 6 7 8 9 10

Li Be B C N O F Ne
6,941 9,012 10,811 12,011 14,007 15,999 18,998 20,18

Lithium Beryllium Boron Carbon Nitrogen Oxygen Flourine Neon

11 12 13 14 15 16 17 18

Na Mg Al Si P S Cl Ar
22,99 24,305 26,982 28,086 30,974 32,066 35,453 39,948

Sodium M agnesium Aluminum Silicon Phosphorous Sulfur Chlorine Argon

19 20 21 22 23 24 25 26 27 28 29 30 31 32 33 34 35 36

K Ca Sc Ti V Cr Mn Fe Co Ni Cu Zn Ga Ge As Se Br Kr
39,098 40,078 44,956 47,88 50,942 51,996 54,938 55,847 58,933 58,69 63,546 65,39 69,723 72,61 74,922 78,96 79,904 83,8

Potassium Calcium Scandium Titanium Vanadium Chromium M anganese Iron Cobalt Nickel Copper Zink Gallium Germanium Arsenic Selenium Bromine Krypton

37 38 39 40 41 42 43 44 45 46 47 48 49 50 51 52 53 54

Rb Sr Y Zr Nb Mo Tc Ru Rh Pd Ag Cd In Sn Sb Te I Xe
85,468 87,62 88,906 91,224 92,906 95,94 (98) 101,07 102,906 106,42 107,868 112,411 114,818 118,71 121,75 127,6 126,904 131,29

Rubidium Strontium Yttrium Zirconium Niobium M olybdenum Technetium Ruthenium Rhodium Palladium Silver Cadmium Indium Tin Antimony Tellurium Iodine Xenon

55 56 72 73 74 75 76 77 78 79 80 81 82 83 84 85 86

Cs Ba Hf Ta W Re Os Ir Pt Au Hg Tl Pb Bi Po At Rn
132,905 137,327 180,948 180,948 183,85 186,207 190,23 192,22 195,08 196,967 200,59 204,383 207,2 208,98 (209) (210) (222)

Cesium Barium Hafnium Tantalum Tungsten Rhenium Osmium Iridium Platinum M IN M ercury Thallium Lead Bismuth Polonium Astatine Radon

87 88 104 105 106 107 108 109 110 111 112

Fr Ra Rf Db Sg Bh Hs Mt Uum Uuu Uub
(223) 226,025 (261) (262) (263) (262) (265) (266) (269) (272) (272)

Francium Radium Rutherfordium Dubnium Seaborgium Bohrium Hassium M eitnerium Ununnillum Unununium Ununbium

57 58 59 60 61 62 63 64 65 66 67 68 69 70 71

La Ce Pr Nd Pm Sm Eu Gd Tb Dy Ho Er Tm Yb Lu
138,906 140,115 140,908 144,24 (145) 150,36 151,965 157,25 158,925 162,5 164,93 167,26 168,934 173,04 174,967

Lanthanum Cerium Praseodymium Neodymium Promethium Samarium Europium Gadolinium Terbium Dysprosium Holmium Erbium Thulium Ytterbium Lutetium

89 90 91 92 93 94 95 96 97 98 99 100 101 102 103

Ac Th Pa U Np Pu Am Cm Bk Cf Es Fm Md No Lr
227,028 232,038 231,036 238,029 237,048 (244) (243) (247) (247) (251) (252) (257) (258) (259) (260)

Actinium Thorium Protactinium Uranium Neptunium Plutonium Americium Curium Berkelium Californium Einsteinium Fermium M endelevium Nobelium Lawrencium

works with standard method does not work with standard method

IX X XI XIIIII IV V VI VII VIII

XVI XVIIXIII XIV XVII

Routine 

methods 

give robust 

results for 

base 

metals.

Routine 

chemical 

analysis of 

CRM lead 

to biased 

data / low 

DQ 

Printed circuit boards (PCB) (III)
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Printed circuit boards (PCB) (III)

Homogeneous?

Sample preparation

Sample for chemical analysis

no

Reference material 

available?

yes

Choice of methods for chemical 
analysis

Chemical analysis of reference 
material

Recovery to reference 

values 80%ÒxÒ120%

Chemical analysis of sample

Robust results for analysis of 

sample

Apply standard addition

Recovery of spiked 

values 80%ÒxÒ120%

Semi-quantitative 

measurement (e.g. XRF)

yes

Documentation of recovery rate

Chemical analysis of sample

(Robust) results for analysis of 

sample

yes

no

Further investigation of 

sample?

no

no

yes

no

yes

QAS 1

QAS 2

QAS 3

QAS 4

QAS 1 

Test for homogeneity 

XRF

QAS 2/3

Determination of recovery 

with 

a) Reference materials

b) Standard 

addition/spiking test

QAS 4

Plausibility check
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▪ Sampling of composite product and waste flows is 

challenging, often leading to unrepresentative samples and 

consequently to unrepresentative data. 

▪ There is a clear need to adapt the existing sampling theory 

developed for the mining industry for waste flows or 

develop alternative approaches to calculating minimum 

sample mass/size.

Conclusions: Sampling 
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▪ Due to the different strength and ductility of constituent 

materials (ceramics, metals, plastics, …) a combination of 

processes is needed to reduce the particle size and 

achieving a homogenised sample;

▪ Losses or contaminations increase the likelihood of both 

systematic and random errors;

▪ Higher costs for such complex procedures limit the number 

of samples. 

Conclusions: Sample preparation
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▪ A standardisation of chemical analysis methods for waste

fractions is difficult due to variability in composition:

▪ The application of generic quality assurance methods is

recommended in order to avoid including biased data in 

the ProSUM UMKDP.

Conclusions: Chemical analysis
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Outlook

▪ Future prospecting of the urban mine at the national or 

regional level should rely more on manufacturers’ ex 

ante data to reduce efforts and costs. 

▪ Ex post waste analysis studies relying on chemical 

analysis 

–could be a valuable complementary approach to 

validate manufacturers’ data;

–would still have an important role to play for 

characterisation of smaller material flows. 

▪ Neither of the two approaches were created to prospect 

the urban mine. Adapting and developing methods to 

reduce data uncertainties will be a key issue for future 

work.
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