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Abstract. The availability of digital tools is key for reproducible, robust,
and transparent analysis. Life cycle assessment has become a wellestablished tool to perform environmental assessment of products and
systems. However, despite the existence of diverse commercial software,
data availability is still one of the major limitations. This paper introduces
one database that aims to shed light in the analysis of electric and electronic
equipment: the database of SEmiconductors and other components
(DoSE®) and its use along with the Life Cycle Assessment database
(LCADB®). DoSE® is a database that aims to provide data for a better
analysis of electronics. It contains information of the material composition
of semiconductors and other components, and a second section where the
material composition of printed circuit boards can be modelled. Data from
DoSE® are exportable to excel format to allow for a further use. It can also
be exported as an activity to the LCADB® database to develop new life
cycle inventories of electronics. All these functionalities are due to be further
expanded and tested for the case of batteries and electronics in electric
vehicles as part of the digital platform for circular economy developed in the
scope of the DigiPrime project.

1 Introduction
Despite the consolidation of life cycle assessment as a robust tool to perform environmental
evaluations, data availability is still one major limitation at the time of assessing the potential
environmental impacts of electrical and electronic equipment (EEE). The EU ecodesign
regulations on energy related products are progressively including new implementing
measures about the declaration of the content of some specific materials and recycled content
of materials. For example, the ecodesign regulation on enterprise servers (EC/2019/424)
includes a specific requirement about an indicative weight range for cobalt in batteries, and
neodymium in hard disk drives [1][2]. The draft of the new EC batteries regulation for
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batteries (EC/2020/353) imposes a progressive recycled content for cobalt, copper, lithium
and nickel for batteries manufactured in 2030 and 2035 [3]. This paper presents one database
to support the provision of information of EEE: the Database of SEmiconductors and other
components (DoSE®) [4] and its use along with the Life Cycle Assessment database
(LCADB®) [5]. Both aim at providing trusted, transparent and updated datasets of the
components and materials contained in printed circuit boards (PCBs) to perform better
environmental assessments and do better economic estimate recycling of electronics. Users
can
register
and
access
to
some
exemplary
datasets
at
http://lauratalens.eu.pythonanywhere.com

2 Database description
The database DoSE® contains datasets of the material composition of semiconductors and
other electronic components contained in printed circuit board of electronics. Data of the
material composition of semiconductors and other components have been harvested from the
Full Material Declaration Sheet (FMD) of diverse manufacturer’s websites as NXP [6],
Alldatasheet [7] or similar websites. Many times, the FMDs are published following the IPC1752A Material Declaration Management standard, developed by the ‘IPC-Association
Connecting Electronics Industries’ (IPC) [8]. The FMD is a voluntary document, thus it is
not always fully accessible from manufacturers websites. During the creation of DoSE ®, we
identified more than 20 types of electronic components (i.e. capacitors, integrated circuits,
coil wounds, transistors, among others), and within each of them, there were many different
sub-types. At present, DoSE® has a compilation of more than 250 datasets with the full
material composition of semiconductors and other components contained in PCBs. Data
availability can be checked in the Semiconductor and other components’ section. Figure 1
shows the material composition of one exemplary integrated circuit.
a)

b)

Fig. 1. Description and the material composition of the integrated circuit IC LFQP 80. a) description of
the mass (mg), dimension (cm), manufacturer, manufacturer description, and fabrication year. The
description also includes the links to the original manufacturer’s websites, and a copy of the datasheet
and the full material declaration. b) list of materials contained in the integrated circuit component and
their mass.
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DoSE® allows creating new datasets for components not included yet. The modelling of the
PCB is done in the ‘Printed Circuit Board’ section. Figure 2 shows the example of the PCB
of a memory stick. The general description includes the dimensions (cm), mass (g), typology,
pictures of the front and the back of the PCBs, and information about the product or part
where the PCB was taken among other details. Additionally, it includes a description of
disassembly procedures and scheme to harvest the PCBs, and an estimate of the lifetime of
the product (in months).

Fig. 2. General description of the PCB contained in a memory stick.

As illustrated in Figure 3a, in a later subsection, users can aggregate semiconductors using
the search tool function and their number. The list includes all the semiconductors and other
components included in the ‘semiconductor and other component’ section illustrated in
Figure 1. The list of materials contained in the PCB and their quantities (in mg) is
automatically generated as semiconductors and other components are included as shown in
Figure 3b. Datasets are accessible to users within the same company, research group,
collaborative project or research network. The nomenclature of the materials described in the
‘exchange’ column are those defined in the life cycle inventories of commercial LCA
softwares. This is done to ensure data matching between DoSE and the commercial LCA
when performing a life cycle impact assessment of an EEE.
The datasets of the PCBs generated in DoSE® can be exported as an excel file to allow
performing further calculations as the calculation of the economic value of the PCB, and as
well as an activity to the LCADB® to generate a life cycle inventory in ecospold format
which allows assessing the potential environmental assessment in commercial and fee-free
software. DoSE® and LCADB® have been developed to ensure the compatibility of data
format and language. The names of the substances describing the material compositions in
declarations are harmonized semantically with those contained in commercial databases as
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Ecoinvent [9] and PE –Gabi [10], and also checked with open-source databases as European
Life Cycle Database [11].
a)
b)

Fig. 3. a) List of semiconductors and other components included in the PCB of a memory stick. b) List
of the materials and their quantities (mg) contained in the PCB of a memory stick.

3 Expected impact
DoSE® is the first open-source inventory data for PCBs contained in electronics. This
information provides data about the use of materials by the electronic industry and allows for
a more comprehensive discussion about how technological trends in the electronics are linked
to raw materials, as well as to the future e-waste flows. Advances in the information about
the design for disassembly in DoSE® will help advance in the separation of printed circuit
boards and drive the development of more innovative technologies to classify and recover
materials. The availability of datasets to allow for accounting for the material composition
and environmental footprint of electronics becomes urgent as more electronics are further
regulated. The combination of DoSE®-LCADB® represents a novel digital tool to allow
working in collaborative teams, either within a company or a research group, and in projects
(i.e H2020 Digiprime), where users can exchange datasets to facilitate the progress towards
more sustainable EEE. In terms of further work, the objective is to continue populating the
database with more datasets of electronic components, especially integrated circuits, and
datasets for PCB, especially those contained in the batteries of electric vehicles. Future work
includes a more descriptive and user-friendly version of the disassembly sequence of the
PCB, as well as more detailed estimates of the lifetime of products where the PCB are
contained.
Acknowledgements. The authors would like to thank the support of the Beatriu de Pinós

postdoctoral programme of the Government of Catalonia’s Secretariat for Universities and
Research of the Ministry of Economy (2016BP00132) and the Digital Platform for Circular
Economy
in
Cross-sectorial
Sustainable
Value
Networks
project
(https://www.digiprime.eu/). This project has received funding from the European Union's
Horizon 2020 research and innovation programme under grant agreement No 873111.

4

E3S Web of Conferences 349, 11002 (2022)
LCM 2021

https://doi.org/10.1051/e3sconf/202234911002

References
[1]
[2]

[3]

[4]
[5]
[6]
[7]
[8]
[9]
[10]

[11]

L. Talens Peiró, D. Polverini, F. Ardente, and F. Mathieux, “Advances towards
circular economy policies in the EU: The new Ecodesign regulation of enterprise
servers,” Resour. Conserv. Recycl., vol. 154, p. 104426, 2020.
European Commission, “Commission regulation (EU) 2019/424 of 15 March 2019
laying down ecodesign requirements for servers and data storage products pursuant
to Directive 2009/125/EC of the European Parliament and of the Council and
amending Commission Regulation (EU) No 617/20,” vol. 2016, no. 68. pp. 48–119,
2018.
European Commission, “Proposal for a REGULATION OF THE EUROPEAN
PARLIAMENT AND OF THE COUNCIL concerning batteries and waste
batteries, repealing Directive 2006/66/EC and amending Regulation (EU) No
2019/1020,” Brussels, Belgium, 2020.
L. Talens Peiro and X. Gabarrell i Durany, “DoSE database (i-depot:120009 ),”
2019.
L. Talens Peiró, X. Gabarrell i Durany, C. Martinez Gasol, and J. Rieradevall Pons,
“LCADB database (i-depot 120008).” ICTA-UAB, Bellaterra, 2019.
“NXP Semiconductors.” Available: https://www.nxp.com/. Access date: June 2021.
“ALLDATASHEET.COM - Datasheet search site for Electronic Components and
Semiconductors and other semiconductors.” Available:
https://www.alldatasheet.com/. Access date: June 2021.
Institute for Interconnecting and Packaging Electronic Circuits, “IPC-1752A:
Materials Declaration Management Standard.” pp. 1–54, 2018.
G. Wernet, C. Bauer, B. Steubing, J. Reinhard, E. Moreno-Ruiz, and B. Weidema,
“The ecoinvent database version 3 (part I): Overview and methodology,” Int. J. Life
Cycle Assess., vol. 21, pp. 1218–1230, 2016.
Thinkstep, “GaBi process data set: Electricity from photovoltaic; AC, technology
mix of CIS, CdTE, mono crystalline and multi crystalline; production mix, at plant;
1kV - 60kV (en),” 2016. [Online]. Available: http://gabi-documentation-2019.gabisoftware.com/xml-data/processes/d2842400-7718-47e1-8fea-6b35dbce7b80.xml.
[Accessed: 19-Dec-2019].
ILCD, ILCD Handbook - General guide on LCA - Detailed guidance, vol. 15.
2010.

5

