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INTRODUCTION

PRODUCT TRENDS

Quantifying the stocks of electronic
products over time is essential to
estimate the availability of secondary
Critical Raw Materials (CRM’s) in the
Urban Mine. However, accurate
estimations of CRM’s in stocks and
waste streams is difficult due to the lack
of data, consumer behavior, socioeconomic conditions and (illegal)
informal activities. Secondly, stock
quantities vary annually depending on

technological innovation, component
and
composition
miniaturization,
substitution and product lifespan which
also significantly affect the CRM’s
availability.
This poster presents the methodology
to determine product amounts in the
urban mine by means of the
multivariate
Input-Output
analysis
(IOA).

The introduction of tablets in 2008
directly influenced the market of
previously dominant laptops (figure 3).
Furthermore, the applied battery types
changed. This affects the weight of
batteries, the chemical composition and
the presence of CRM’s.
Three trends are observed here in
recent years:
• Disappearance of NiMH laptop
batteries from 2013 onwards

• Decreasing amount of LiCoO2 laptop
batteries from 2.6 to 1.4 million
pieces in 2005 to 2015 respectively
• Replacement by high performance
LiNMC batteries in both laptops and
tablets accounting for 11.7 and 6.6
million pieces respectively for 2015.

METHODOLOGY
The IOA (figure 1) has been carried
out for laptops and tablets
including batteries in Germany for
the years 1994-2020.
The analysis starts with the sales
of a product, followed by the
residence time, the time a product
stays with consumer in households
and businesses. The residence
time represents the total lifespan,
including exchange of second hand
equipment from businesses and
households to other households
and hibernation before final
discarding as waste or export from
national territory.
From the point of discarding, the
E-waste and batteries generated
amounts are determined.

Figure 3. Germany laptop and tablet sales
2008-2014 in pieces (top), and Battery types in
Germany laptop and tablet sales 2008-2014
(bottom).

Figure 1. Illustration of multivariate Input Output Model

RESULTS
Placing on the Market data has been
taken from ProdCom, International
trade statistics, European Information
Technology
Observatory,
Eurostat,
Eucobat, and Stiftung Gemeinsames
Rücknahmesystem Batterien. Placing on
the Market (POM) means the first time a
product is sold on the market. A time
sequence from 1994-2020 for laptops
and batteries (POM, stock and waste
generated) in Germany is displayed in
figure 2.
The general trend indicates a steady
increase from 2008 onwards. Moving
from 2005 to 2015, laptops sales
doubled from 8.35 to 16.5 million pieces
resulting in 0.10 to 0.20 pieces per
inhabitant. A median lifespan of 7.3
years has been taken for laptops and

tablets that results in 1.49 pieces in
stock and 0.22 pieces per inhabitant in
waste respectively for 2015.
Showing a similar pattern, battery
quantities have increased 3 times from 4
million pieces in 2005 to 20 million
pieces in 2015. A median lifespan of 9.8
and 6.1 years for laptop and tablets
batteries respectively is being used.
Longer lifespans are measured for
batteries than for devices, resulting in
more time between POM of the battery
and arising as waste.
Higher POM volumes are recorded for
batteries than for the full devices. The
number of batteries POM per device is
1.04 due to additional and spare parts.
See Figure 2.

Figure 2. Overview of modelled laptops (left) and battery quantities (right)
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Interestingly, from the sample size of 33
laptops, there is no clear miniaturization
trend observed for CRM’s relevant
components. But development of a
useful combination of various functions
in less components is noticeable. This
enables the industry to build smaller
printed circuit boards and to create
completely new types of electronic
equipment Figure 4 shows the average
mass fractions of tantalum capacitors on
Printed Circuit Boards (PCB) and the
masses of the PCB from laptops and
tablets. Within the investigated product
group of laptops, a decreasing mass is
only slightly perceptible over time.

CONCLUSION
The main objective of the ProSUM
research work is combining detailed IOA
for
products
with
compositional
information over time in a harmonised
way. For determining CRM's in the Urban
Mine and its evolution over time, it is
crucial to move away from many
scattered and anecdotal research
outcomes. By applying a well structured
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approach plus involvement of many key
data holders and research organisations,
more comprehensive and reliable
prospecting of secondary CRM’s in the
Urban Mine can be achieved. The
ProSUM approach illustrated in this
poster is currently expanded and tested
for all EEE and Battery types for all
EU28+2 countries.
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Figure 4. The mass fraction of tantalum
capacitors per printed circuit board (top), and
average printed circuit board mass (bottom) for
laptops (red) and tablets (blue)
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