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Introduction 
In Germany on 24th March 2006 the most relevant regulations of the German Act on Electrical and 
Electronic Equipment (ElektroG) came into force as national implementation of the European WEEE 
and RoHS Directives [ElektroG 2005].  
 
In order to support the concerned parties in their work, the VDI guideline committee 2343 - recycling 
of electric and electronic devices - was established  
 
The objective of Guideline VDI 2343 is to elaborate and compile practice-tailored and state of the art 
recommendations for the parties concerned. Following the logistic chain, the guideline is divided into 
seven parts.  
 
 

 

Figure 1: Structure of the VDI Guideline 2343 
 
In the following the main aspects of the guideline will be presented briefly. 

Part Basics 
 
This sheet designates the objectives of the Guidelines as well as their target groups and describes the 
terms, which are necessary for working with the guideline (including an survey of the basic legal 
conditions e.g. the responsibility of the producer).  
 
Based on a master picture, which follows the logistic chain of electronic products, the contents are 
assigned to the respective sheet. 
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Moreover, this sheet gives short explanations of economic, ecological and technical scoring 
procedures and shows the possible strategies for the marketing of devices in working condition of 
materials.  
 

Part Logistics 
 
As logistics is the key cost factor for recycling and disposal of electrical and electronic equipment 
major cost-savings can be reached here. In this context legal basics, as well as economical and 
ecological aspects have to be considered. 
 
The special challenge of this work comes from the huge variety of electric and electronic equipment, 
from the high number of the collection places, from the sophisticated take back system and from the 
coordination of the logistics interfaces. 
 
Figure 3 shows some examples of different organisational models for the take back of electrical and 
electronic equipment. The organisation of a nationwide take back within a collective scheme is a 
comparatively easy task whereas the coordination of different take back systems operating in a 
competitive market environment is much more challenging. The guideline describes how to organise 
material and flow of information in either collective as well as competitive schemes, the latter is based 
on different coordination models like alternating pick-ups or the so called ‘patchwork solution’. 
Furthermore the guideline deals with take back schemes by individual producers and gives advice to 
public waste management authorities, which recycle the appliances on their own behalf. 
 
For the stage of collection, the guideline gives an overview of the advantages and disadvantages of 
different forms of collection (e.g. collection points, kerbside collection or in-store take back by 
retailers). It recommends suitable container types for collection and transport of various types of 
equipment while preserving the value of the devices thus enabling the reuse of appliances or 
components. 
 
This sheet therefore, treats the complex coherences of internal and external logistics. Logistics requires 
an infrastructure, which makes it possible to collect and transport electrical and electronic equipment 
under cost-optimized conditions in time, in demanded quality and in optimal quantity. 
 
The guideline analyzes different take-back and collection systems and gives hints for the optimal 
realization of the logistic chain. 
 

 
Figure 2: Examples of different take back models in fluencing logistics  
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Part Disassembly 
 
In this sheet, the possibilities and operational areas of manual, partly automated and/or fully automated 
disassembly as well as destructive and non-destructive disassembly of electric and electronic devices 
are analyzed based on a categorization of disassembly techniques. Equipment and tools for 
disassembly are given on the two most common joining technologies screwing and snapping. A 
comparison for the application of unscrewing as well as handling tools is presented.  
 
The guideline gives assistance for the decision between the disassembly of the complete equipment, 
the disassembly of reusable groups or components, or the disassembly of toxic elements. For that 
reason, a complete guide for the planning of disassembly processes and disassembly systems is 
provided. The planning steps consist of the following steps: analysis of product spectrum, test 
disassemblies, and identification of disassembly procedure and depth for process planning and of 
dimensioning, structuring and evaluation for the system planning. In each of the steps, methods for 
efficient planning purposes are provided, e.g. AND/OR-Graph structures for the determination of 
optimal disassembly processes (comp. Fig. 3) 
 

 

Figure 3: Exemplary AND/OR-Graph for Flat Screen Mo nitors [Franke 2005] 
 
For an efficient planning process, many criteria with different goals need to be taken into account. 
Therefore, the guideline provides information according to economical, technological, ecological, 
legislative and social criteria to be considered during planning process based on an explanation of 
differences between assembly and disassembly. 
 
Based on the planned processes and systems, methods for the development of suitable disassembly 
programs are provided. The ability of common production planning and control tools from assembly 
are evaluated for the application in the area of disassembly. 
 
Finally, the sheet disassembly provides design guidelines for manual and automated disassembly 
workplaces and shows on 4 picture galleries (PC, Monitor, LCD Flat Screens and Washing Machines) 
exemplary processes for disassembly. 
 



In the appendix, the selective treatment according to appendix III of ElektroG is presented. Here, the 
authors show material contents of each category of WEEE relevant for disassembly. 
 

Part Preparation Techniques 
 
In this sheet the characteristic and operational areas of different preparation techniques are examined 
like cutting techniques, classing and sorting procedures. 
 
Mechanical cutting techniques: breaking, grinding, shredding and cutting are analyzed. Moreover 
classing methods: filtering and current classifying techniques and sorting procedures: electromagnetic, 
electrostatic and density sorting are examined. 
 
Aim of all different preparation techniques is to receive fractions suitable for processing in recycling 
facilities. Decision criteria for choosing a good chain of preparation techniques are at first the physical 
behaviour of electronic scrap and at second securing the fractions with the best recovery of value, like 
metals, homogenous plastics and glass. The value of substances of content like precious metals, of 
copper, iron (steel) and plastics like ABS and therefore the input criteria of recycling operations decide 
both, the best economic and the best ecologic way of recycling. 
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Figure 4: sample output of a preparation plant 
 

Part Recycling 
 
As the value is highest for a still working piece of equipment, first of all strategies to re-use equipment 
or components should be aimed.  
 
If this is not possible, utilization of the materials has to be aimed at.  
 
In this sheet the possibilities of energy recovery, substance and raw material recycling will be 
analyzed. 
 
Dependent on the utilization procedure selected certain boundary conditions for material groups have 
to be kept. These determine the expenditure considerably. 



 
The sheet shows the most common ways for fractions resulting from processing in a preceding 
treatment plant with respect to economic and ecologic aspects. 
 
The main objective should be utilization of material and not only removal of toxic/hazardous 
substances. 
 
Non-ferrous metals fractions are treated in pyro- and hydrometallurgical plants, plastics are processed 
in regranulation- and compounding facilities and all kind of steel is fed into different kinds of steel 
mills. Recycling of waste fractions from preparation plants is possible by kind of energetic use or by 
gasification plants. A small amount of this material must be dumped. 
 

 

Figure 5: From copper-recycling material to copper cathodes and precious metals 
(Source: Norddeutsche Affinerie AG, Hamburg, 2007)  

 

Part Marketing 
 
On the one hand, this sheet should demonstrate the ways for remarketing valuable materials contained 
in old devices.  
 
On the other hand, it should show ways to protect the environment against harmful materials, which 
are necessary and useful in the devices during their useful life.  
 
Therefore this sheet gives recommendations for remarketing of e.g. iron metals, non-ferrous metals, 
plastics, glass, picture tubes and materials with hazardous potential. 
 
 

Part Reuse 
 
Due to the specific importance of reuse a particular sheet of the guideline is dedicated to this topic. 
This is on the one hand because of requirements of the ElektroG, the German implementation of 
European legislation. On the other hand, reuse, often also named as “remanufacturing - the ultimate 



form of recycling” [Steinhilper 1999] - promises big economical and ecological benefits. Nevertheless 
Remanufacturing is on electronic and electric devices - in opposite the automotive applications less 
practiced [Rosemann 2006].  
 
Therefore the sheet covers different matters of remanufacturing in order to support small and medium 
enterprises in establishing remanufacturing activities properly. The sheet starts from the 
technologically point of view then focussing on economic, ecologic, legal and social objectives. 
 
With the intention of further deploying remanufacturing and reuse, recommendations for 
remanufacturing of electronic and electric devices are given. Their objective is to depict, under which 
conditions recycling or reuse of electric or electronic products and components is recommended. Also 
definitions of basic standards will be given.  
 
 

 

Figure 8: Examples for ReUse 
 

Conclusions 
 
Recycling and disposal of electrical and electronic equipment as practiced currently does still not 
comply with the requirements of an environmentally and ecologically sound waste management 
policy. Therefore, it is absolutely necessary to support the improvement in the areas mentioned above 
by a special guideline. A lot of challenging work  for the guideline committee still has to be done. 
 
The committee for this guideline is still open for cooperation. Interested people are invited to contact 
the chairman directly. 
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