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PURPOSE 
The objective of this report is to describe the steps taken to deliver (an) innovative, robust and 

dynamic model(s) assessing the historic and current stocks and flows of in-use and end-of-life 

batteries (BATT), vehicles (ELV), and electric and electronic equipment (EEE) in EU28+2. 

Deliverable 3.3 ôõProduct stocks and flowsõõ is an extension and further iteration of Deliverable 3.1 

ôõHistoric and Current flowsõõ which takes an inventory of the data sources, and provides an 

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

the waste generation.  

 

The Multivariate Sales-Stock-Lifespan method is used to determine stock and flows of EEE. From 

this model, applied in several EU member states, the required modelling parameters are extracted. 

This is used in a common methodology for which the market input component is determined by 

the apparent consumption method and subsequently the WEEE generated volumes are calculated 

by using the lifespan parameters in a sales-lifespan approach. The WEEE data model is written in 

R (a programming language and environment for statistical computing and producing of graphics).  

 

A similar sales-lifespan approach is also applied to determine battery stocks and flows, similar to 

the WEEE approach, where for the sales component the data is provided by the industry partners 

Eucobat and Recharge. Here, the data model is constructed in Excel. For vehicles, a stock-lifespan 

approach is used and the model is constructed in Python. In this case, the main data sources for 

vehicle fleets is derived from Eurostat. 

 

This deliverable consists of:  

¶ This report which is describing the attributes, architecture and limitations of the developed 

product group specific data models and the highlights from the results. 

¶ Three attachments in Excel with the current BATT, ELV and WEEE datasets according to the 

ProSUM harmonized format. The attached datasets include data uncertainty and data 

quality for each data point. This is also including 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 and/or coherent estimate was included e.g. 

from extrapolation, interpolation, etc. Also included are all sources used and their 

(temporary) meta-data IDõs as they will be used in the knowledge base. The datasets are 

also provided internally in the ProSUM project for use within WP5 to populate the unified 

ProSUM data model and to further develop the necessary programming.  
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EXECUTIVE SUMMARY 
 

This Deliverable describes the individual stocks and flow models for BATT, ELV and WEEE, the 

outcomes of the modelling work and the resulting datasets. 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 expertise 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 (a language and environment for statistical computing and 

graphics) and MS Excel. However, the 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 used for determining stocks and flows of 

products. The vehicles stocks and flows data model is based on stock-lifespan approach, and the 

batteries and WEEE stock and flow analysis is based on multivariate sales-stock-lifespan analysis. 

Both models are structured in a similar way but the calculation sequence is different. The stock 

and flow modelling is in place and is functioning but does need further reconciliation linked to WP2 

and WP4 and for D3.4 and D3.5 work. 

 

The WP3 work was conducted by executing the following steps: 

1. Model selection (completed in D3.1) 

2. Arranging data accordingly (partly completed in D3.1) 

3. Harvesting of data (completed in D3.2) 

4. Processing and consolidating the data, (partly covered in D3.1 and D3.2 and completed 

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

Chapter 3, below). 

5. Describing the consolidation procedure including specification of data quality, uncertainty 

and metadata for all sources used. (Finalised as a first complete dataset for this D3.3). 

 

Battery results 
Preliminary research in D3.1 and D3.2 concluded that it is necessary to conduct the stocks and 

flows modelling, not only according to the BATT sub-keys, but also differentiating between the 

different applications in which batteries are embedded such as EEE and vehicles. A list of 50 

combinations of keys, sub-keys 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 the modelling 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 the ôProSUM harmonised approachõ. Further data will become available in 

early 2017 and this will enable stocks and flows modelling to be finalised for BATT. 

 

Key limitations and uncertainties are related to parameters used in the modelling. They are subject 

to a range of uncertainties regarding the use of average weights per battery, the lifetime 

distribution, the POM volumes, and the national data.  

 

Vehicles results 
Following on from the work undertaken in D3.1, the vehicle stock-flow model has been 

implemented and preliminary results are available. The focus in this Deliverable is on testing, 

verification and integration of all available data. The preliminary outputs are now available and can 

be tested. In terms of the project requirements, the model is capable of expressing stocks and 

flows of vehicles inside the EU28 + European Free Trade Association (ETFA), 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).  

 

WEEE results 
Similar to ELV, the WEEE stock and flow modelling is implemented with essentially completed data 

specifications. In addition, the stock and flow analysis adopts previous published research for the 
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WEEE Article 7 common methodology report. A dedicated script is written in R by Statistics 

Netherlands enabling the public release of the stocks and flows model including the amounts 

placed on the market. A detailed instruction to construct and to download the source data files is 

given at https://github.com/Statistics -Netherlands/ewaste.  

The open stocks and flows model also provides users the option to export data in XLS format. The 

stock and flows model is specifically categorised according to the ôProSUM harmonised approachõ 

(in both UNU Keys and recast WEEE directive categories in Annex III) and allows for filtering and 

updating for new electronic products. It is important to note that this work is ongoing due to the 

huge amount of measured raw data available. This 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 parameters are not realistic.  

Next steps for BATT, ELV and WEEE 
The stocks and flows are quantified and available for further reconciliation and programming in 

WP5 and allows the continuation of WP3 as planned for the upcoming Deliverables 3.4 and 3.5 

aiming to link the product stocks and flows with the compositional work from WP2 on product 

composition and from WP4 for waste stream compositions. 

 

Using the principles for the EU-UMKDP architecture, the outcomes and detailed calculation 

sequences of the individual stock and flow models for BATT, EEE and ELV are now structured 

according to the ProSUM single unified data model shown in the figure below. The unified data 

model will link product composition (WP2) and waste stream composition (WP4) with stocks and 

flows. It is important that data consolidation is harmonised according to the ProSUM data quality 

parameters explained in D2.5, 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 flows as well as a uniform way of describing all sources used. 

 

 
The ProSUM unified data model  

https://github.com/Statistics-Netherlands/ewaste
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1. Introduction 

1.1. Aim of the deliverable 
According to the Description of Action, this Deliverable 3.3 addresses and analyses different 

models for characterising stocks and flows, in order to determine the required sophistication level 

needed for WEEE, BATT and ELV, given the data quality, uncertainty, and availability of different 

data. Since key modelling decisions for the respective product groups are taken in D3.1 and in the 

stock and flow modelling discussions in WP3, the aim of this deliverable goes beyond selection of 

the desired stock and flow quantification method. For WEEE the aim is to consolidate and finalise 

available data. For the BATT and ELV, the aim is to continue the data gathering in D3.1 and D3.2 

to select the stocks and flows model, and to consolidate all findings.  

 

From section 1.3 of Deliverable 3.1, a set of basic quantification methods in D3.1 including the a) 

Time Step approach, b) Market Supply or sales- lifespan approach, c) Stock-lifespan approach, d) 

Leaching Model; the most appropriate model has been selected for ELV and BATT. For EEE, UNU 

developed, and has applied here, the e) Multivariate Sales ð Stock- Lifespan approach from which 

specific lifespan parameters are extracted for use in a more direct version of  the  sales lifespan 

approach (b). Based on previous analysis, a sales ð lifespan model (b) is also being applied for 

BATT. For ELV, due to the highest quality of data being available for vehicle fleet sizes, a stock ð 

lifespan model (c) is being used. 

 

The second aim of this deliverable is to provide a complete, harmonised approach according to the 

classifications developed in Deliverable 5.3. This is aligned with work undertaken in:  

ω Deliverable 2.5 on the product composition: Here the focus is on the composition of 

individual products, components and materials to determine composition(s) (trends). 

ω Deliverable 3.3 on the product stocks and flows: Here the focus is on product characteristics 

such as average weight and lifespan resulting from the model in order to compare against 

the respective information in the collected and other streams (the ôpõ value in Figure 1).  

ω Deliverable 4.2 on the waste flows. The WEEE generated amounts are compared to the 

actual measured product counts in the various flows (the ôp-fõ values) in Figure 1. In addition, 

from the composition and stocks and flows, the available e-f (and c-f plus m-f) steps are 

included. These will be further elaborated and consolidated by June 2017 when the 

scheduled data reconciliation process is finalised. 

 

 
Figure 1. Simplified ProSUM calculation sequence 

 

Utilising data from WP2 and WP4, a single inventory has been developed in order to describe all 

sales, stock and waste (flow) information in a consistent manner and to allow WP5 to further 

develop the programming for data presentation in the EU-UMKDP. This includes recent updates to 

the code lists derived from additional analysis and description of the meta-data for both individual 

sources, and the entire stocks and flows datasets for BATT, ELV and WEEE. 

 

Figure 2 shows the position of this deliverable in relation to other deliverables in ProSUM. 

Deliverables 3.3ð3.5 cover the stocks and flows model development for end of life products 
































































