
        

Page 1 

 

 

 

Project no.:  

679692 

Project acronym:  

Eco-Solar 

Project full title:  

Eco-Solar Factory: 40%plus eco-efficiency gains in the 

photovoltaic value chain with minimised resource and energy 

consumption by closed loop systems 

Research and Innovation Actions (RIA)    
 

FOF-13-2015 

 

Start date of project: 2015-10-01 
Duration: 3 years 

D 20 (D5.2)  
Report Preparation of 5 initial laboratory samples of by-

products and wastes for internal and external use 

 
 

Due delivery date: 2017-03-31 

Actual delivery date: 2017-03-31 

Organization name of lead contractor for this deliverable:  
bifa Umweltinstitut GmbH 

Project co-funded by the European Commission within the Framework Programme Horizon 2020 (2014-
2020) 

Dissemination Level 

PU Public  

CO Confidential, only for members of the consortium (including the Commission Services) x 



        

Page 2 

 

 

 

EU-RES Classified Information: RESTREINT UE (Commission Decision 2005/444/EC)  

EU-CON Classified Information: CONFIDENTIEL UE (Commission Decision 2005/444/EC)  

EU-SEC Classified Information: SECRET UE (Commission Decision 2005/444/EC)  

 

Deliverable number: D 5.2 

Deliverable name: Report Preparation of 5 initial laboratory samples of by-products and wastes 

for internal and external use 

Work package: Environmental impact and repurposing of waste products 

Lead contractor: bifa Umweltinstitut GmbH 

 

Author(s) 

Name Organisation E-mail 

Karsten Wambach bifa kwambach@bifa.de 

Iris Fechner bifa ifechner@bifa.de 

 

Abstract 

This deliverable deals with the laboratory tests of five materials for reuse, remanufacturing, recyclability and 
utilization of the output for different applications to optimize the eco-efficiency. 

The selected materials are silica/quartz crucibles, diamond wire, solar cells, copper wire and a NICE-
Module. In addition, the waste regulations are assessed concerning the NICE Module. The analysis of the 
samples and the NICE Module is ongoing. 

 

Public introduction1 

The laboratory tests of five materials assess the feasibility of reuse, remanufacturing, recyclability and 
utilization for different applications. The establishment of industrial reuse processes can lower the 
environmental impacts and improve the eco-efficiency of the whole PV module production chain. 

This deliverable is about the first results of the potential of byproduct and waste reutilization including the 
laboratory analysis and treatment to meet secondary material specification. 

 

 

  

                         
1
  All deliverables which are not public will contain an introduction that will be made public through the 

project website  
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1 INTRODUCTION 

The laboratory tests of five materials assess the feasibility of reuse, remanufacturing, 

recyclability and utilization for different applications. One of the most important things is 

the quality of the material recovered. Potential customers demand a specification of the 

material in order to validate the suitability of the material for their process conditions. 

Below, there are shown the selected materials and their possible industrial reuse 

opportunities. 

 

  
1. silica crucible: ceramic/glass industry, 

horticulture, building industry, production of 

abrasives 

 

2. quartz crucible: ceramic/glass industry, 

horticulture, building industry, production of 

abrasives, ferrosilicon production 

 

  
3. diamond wire: steel industry, diamond industry, 

metal recycling 

4. diamonds in the wafer sawing slurry: production 

of abrasives , sawing wire industry, tool industry 

  
5. solar cell: metallurgy, noble metal recycling, solar 

cell producer 

 

6. copper wire: noble metal recycling, electronics 

industry 

 

 

7. wafer sawing slurry: metallurgy, metal recycling, 

organic chemistry concerning additives  
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2 LABORATORY TESTS 

2.1 Analysis of Silica and Quartz crucibles 

The silica and quartz crucibles used in the silicon ingot production are currently landfilled in 

despite of their sufficient quality with regard to possible re-use opportunities. Especially the 

production of ferrosilicon and cement/concrete are suitable possibilities. bifa is in contact 

with two companies which have already received samples of the material in order to 

examine the feasibility of the re-use in their plants. 

 

In cooperation with SINTEF the following content of trace elements in quartz crucibles can 

be assumed. 

Table 2.1: Analysis of trace elements in a quartz crucible (vitreous SiO2 ≥ 99.99%)
2
 

Trace elements in ppm OH 

Al  Ca Cr  Cu  Fe K Li Mg Na Ni Ti ppm 

15 0.6 <0.8 <0.3 0.5 0.6 0.7 0.06 0.9 <0.03 1.3 30 

 

It can be assumed that similar purity can be achieved with used quartz and silica crucibles 

after the recycling because the material was in contact with solar grade silicon only. 

Furthermore, there may still be some silicon residues on both types of crucibles and 

concerning the quartz crucibles it is obvious that the material went through a phase 

transformation to b-Cristobalite. Two potential customers of the used crucibles are interested 

in examining the material by themselves, so bifa provided them with samples. 

 

 
Picture 2.1: Used silica crucible 

 

                         
2
 Source: product data sheet from Saint-Gobain Quartz given by SINTEF 
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Picture 2.2: Used quartz crucible 

 

 

2.2 Analysis of Diamond Wire and Saw Slurry 

2.2.1 Diamond wire 

Diamond wire is used for wafer cutting in the semiconductor and solar industry. The 

diamonds are fixed on the wire with a nickel coating or an organic coating. The project 

partner Norsun provided samples for the tests.  

 

The composition of the used diamond wire is determined by two different methods: ICP-

OES and REM-EDX. 

 

Table 2.2: Results of ICP-OES 

element average value of mass [%] 

Cr 1.17 

Fe 87.3 

Ni 11.5 

others < 0.1 

 

Table 2.3: Results of REM-EDX (surface) 

element average value of mass [%] 

C 34.6 

O 5.26 

Si 4.65 

Fe 3.17 

Ni 76.4 
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Table 2.4: Results of REM-EDX (bulk) 

element average value of mass [%] 

Cr 0.16 

Fe 99.82 

 

The measurements show that most of the diamonds might be torn out (picture 2.3). There are 

three elements appearing as major components: chrome, iron and nickel. The metal coating 

of the wire is nickel and is not totally worn out during wafer cutting operation (picture 2.4 

and 2.5). The bulk of the wire is consisting of chrome and iron. Therefore the wire can be 

classified as a chrome steel. 

 

 
Picture 2.3: surface of the used wire 

 
Picture 2.4: cross section of used wire 
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Picture 2.5: nickel coating 

 
Picture 2.6: cross section of used wire 

 

The diamond wire sawing has become a standard technology in order to produce sc-Si 

wafers. It is expected that this technology will have a dominant role in cutting mc-Si, too, in 

the near future
3
. Therefore bifa deals with the question whether there is a potential recovery 

route for the diamonds left on the used wire or not. There are experiments in progress to 

determine a cost-effective treatment in order to remove and to extract the diamonds. It seems 

to be critical to renew the used diamond wire by readjusting the diamond density on the 

surface. The mechanically caused stress likely excludes a further reliability of the wire. 

                         
3
 International Technology Roadmap for Photovoltaic (ITRPV), 2016 Results, Eighth Edition, March 2017 
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According to the ITRPV
3
, the recycling rate of the consumed diamond wire in general is still 

a challenge to face. 

 

2.2.2 Slurry from the Wafer Sawing Process 

The used slurry from the wafer sawing process contains several components (e.g. diamonds, 

steel, additives) which may be still valuable if recoverable. In addition, a recovery or even a 

replacement of metalworking fluids additives is considered as worth for further research. In 

despite of the re-use opportunities, these additives are potentially toxic for human health and 

the environment, with long lasting effects to some extent.  

Moreover, it can be assumed that most of the diamonds from the wire might be torn out 

during the sawing process and remain in the slurry. Therefore bifa is examining the slurry in 

order to find out if a subsequent treatment of the disposed slurry is feasible and cost-

effective. The following picture shows that diamonds can be found in the dried residue of 

the wafer sawing slurry. 

 

 
Picture 2.7: diamonds in the dried residue of the wafer sawing slurry 

 

 

2.3 NICE Module: Composition Analysis 

2.3.1 Properties of NICE Module 

Two NICE Modules are being examined at bifa. At first, a composition analysis takes place. 

Therefore, the compounds are listed and properties are recorded. In addition, the feasibility 

of damage-free disassembly is being assessed. 
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Table 2.6: Properties of NICE Module 

property [unit] value 

mass of module with frame [kg] 30.0 ± 0.5 

length of module with frame [cm] 167.5 

width of module with frame [cm] 100.0 

height of module with frame [cm] 5.0 

mass of module without frame [kg] 26.12 ± 0.5 

length of module without frame [cm] 166.5 

width of module without frame [cm] 99.0 

thickness of module without frame [mm] 6.14 

mass of frame [kg] 4.02 

thickness front sheet [mm] 3.2 

thickness back sheet [mm] 2.9 

number of cells [-] 60 

mass of a cell [g] 10.89 ± 0.5 

total mass of cells [g] 653.4 ± 0.5 

thickness of a cell [mm] 0.121 

mass of used module busbars, Cu with Sn-

layer (interconnection) [g] 
18.43 ± 0.5 

mass of used module busbars, Cu-tabs [g] 58.52 ± 0.5 

 

Further investigations concerning the NICE Module are ongoing. 

 

2.3.2 Analysis of Solar Cells 

In order to analyse the solar cells they are removed from the module. Afterwards they are 

put into 100 ml nitric acid (40 %, 40 °C) for 4 hours. The nitric acid is then separated from 

the solar cells by filtration. The solution is filled up to the volume of 250 ml with pure water 

and analysed by ICP-OES. 

 

Table 2.7: Results of ICP-OES 

element wavelength [nm] average value of mass [mg/cell] 

Tl 190.801 6.4 

Cd 228.802 not detectable 

Ag 338.289 205.8 

Al 396.153 934.7 

Cu 327.393 0.4 

Pb 220.353 4.4 

 

Further investigations concerning the solar cells are planned. 
It is desired to replace the silver on a large scale by a more cost-effective metal like copper.

4
 

This replacement still demands a lot of research and development and is expected to be 

introduced step by step in the next decades. By the time being, silver remains the most 

widely used metallization material in the solar cell production. 

 

                         
4, 5

 International Technology Roadmap for Photovoltaic (ITRPV), 2016 Results, Eighth Edition, March 2017 
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2.3.3 Analysis of Used Copper Wire 

The purity of the used copper wire is 99.93%. Other elements are below the limit of 

determination and therefore not detectable. The copper wire is analysed by ICP-OES. 

Copper is the dominant interconnector material but its market share will decrease in the next 

years due to alternative cell interconnector materials like conductive adhesives which shows 

lower thermal stresses
5
. These thermal stresses are an issue concerning a direct re-use of 

extracted copper wires in a new solar module. This material does not fulfil the quality 

demanded. Concerning the NICE Module this has to be checked. 

 
2.3.4 Removal of PIB from NICE Module Compounds 

The removal of the PIB residues from the NICE module compounds after disassembly is 

necessary with regard to the reuse opportunities. The thermal treatment of the module 

compounds in an option but this process has got a high energy demand. Therefore the 

removal of PIB with a solvent is a possibility to replace this kind of treatment. Some 

samples of module compounds are put in a vessel filled up with a solvent for a certain time. 

Afterwards it is examined if the PIB residues are removed by the solvent. 

 

Table 2.8: Results of chemical treatment experiments with several solvents 

 substance PIB silicone 

compound 

(glass, cell, 

PIB) 

copper 

with PIB  

copper / 

tin  with 

PIB 

p
o

la
ri
ty

 i
n

c
re

a
s
e
s
 f
ro

m
 t

o
p

 t
o

 b
o

tt
o

m 

n-Hexane (5 ml) 

high 

solubility 

after some 

minutes 

high 

solubility 

after some 

minutes 

PIB 

dissolves  

PIB 

dissolves  

PIB 

dissolves  

n-Butanol (4 ml) no reaction 
no 

reaction 
no reaction 

no 

reaction 

no 

reaction 

Dimethyl 

sulfoxide (4 ml) 
no reaction 

no 

reaction 
no reaction 

no 

reaction 

no 

reaction 

PEG 200 (4 ml) no reaction 
no 

reaction 
no reaction 

no 

reaction 

no 

reaction 

1,2 Propylene 

glycol (4 ml) 
no reaction 

no 

reaction 
no reaction 

no 

reaction 

no 

reaction 

It is observed that only the treatment with n-hexane shows an effect. All other substances 

with a higher polarity do not react with the PIB apparently. 
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Table 2.9: Chemical dissolving of PIB (Polyisobutylene) and silicone with n-hexane 

PIB Silicone Compound 
Copper with 

PIB 

Copper / tin  with 

PIB 

 
    

 

2.4 Waste Regulation Assessment of the NICE Module 

The waste regulation assessment is based on the data of the NICE Module (BOM, 

composition, PIB, etc.) delivered by Apollon Solar as well as on the disassembly experiment 

and the subsequent separation of the compounds at bifa. The definition of appropriate waste 

streams is the main goal for further considerations concerning recovery/recycling routes and 

reuse opportunities. Therefore, the quality of the extracted compounds is being examined. 

Furthermore, the waste streams have to be analysed with respect to hazardous waste criteria. 

Some module compounds might be seen as hazardous waste under certain circumstances, for 

instance Cd-containing bus bars, glass sheet and polymers. This analysis is taking place 

concerning the NICE Module compounds. 

 

Identifying the share of the several compounds and allocating the waste key numbers to 

them is fundamental for the assessment. The definition of the different waste streams is 

based on the 15 characteristics of the waste regulation. Table 2.10 shows the waste streams 

defined by bifa. 

 
Table 2.10: Different waste streams of the NICE Module 

no. waste streams main material 
containing/adhering 

substance(s) 

1 Al-frame  Al 

aluminium alloy (AlMg3) 

polyisobutylen (PIB) 

silicone product 

2 glass soda-lime glass 
PIB 

silicone product 

3 solar cells mc/sc-Si 
Ti, Ag, Sn, Pb, Cu, Ni, Pd 

PIB 

4 composite material  
PPE 

PS 
- 

5 junction box 
PPE/PS flame-retardant 

V-0/5V 
- 

6 wires 
Cu 

HDPE 
- 

7 electrical connector Cu - 



        

Page 13 

 

 

 

Sn 

diode 

lead 

8 NICE Module 
BOM 

given by Apollon Solar 
- 

 

The table 2.11 presents the different, preliminary recycling possibilities of the NICE Module 

compounds.  

 

Table 2.11: Module compounds and possible recycling ways 

module compound material 
percentage by 

mass [%] 
possible use of output 

glass soda-lime glass 30-65 

glass industry 

ceramic industry 

horticulture 

building industry 

composite material 
Acrylate 

PU 
5-10 thermal treatment separation 

rear side covering 

polyester 

Aluminium 

steel 

glass 

0-10 

(without glass) 

thermal treatment (polymers) 

plastic recycling 

metal industry 

glass industry 

frame 

aluminium 

steel 

PU 

PC 

0-20 

thermal treatment (polymers) 

plastic recycling 

metal industry  

junction box 
ABS, PC, PPO, 

PET 
0-5 

thermal treatment 

plastic recycling 

wire 

Cu 

polyolefines 

synthetic rubber 

ca. 1 

metal industry 

wire recycler  

electronics industry/recycling 

sealant 

silicone 

polyacrylate 

PE – foam 

PU 

0-10 thermal treatment 

filler materials 
Al2O3, TiO2, 

CaCO3, SiO2, C 
ca. 1 

fillers 

mineral additive 

solar cells 
Si, Ti, Ag, Sn, Pb, 

Cu, Ni, Pd 
5-10 

metallurgy 

solar cell production 

electrical connector 
Cu, Sn, Pb, Al, 

Ag 
ca. 1 

metal industry 

electronics industry 
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In compliance with EWC (2014) Annex III of the regulation 2008/98/EG the threshold 

values do not refer to solid metal alloys in general. Exceptions are marked in this regulation. 

The Al-frame consists of an aluminium/magnesia-alloy which is not be classified as a 

hazardous waste. It is been taking into consideration if the residues of PIB and silicone have 

an influence on this classification (PVA 200 Comp. A und PVA 200 Comp. B) 

The assessment of the Al-frame waste stream is shown in table 2.12. 

 

 

Table 2.12: Assessment of the waste stream Al-frame 

CAS no. material 

percentage 

by mass in 

the original 

product [%] 

relevant R-

phrases 

H-phrases 

 

- 
aluminium alloy 

(AlMg3) 
13,5404 % non-hazardous non-hazardous 

 

polyisobutylen (PIB) 

consists of 

1407-96-6 talcum 0,0652 % non-hazardous non-hazardous 

9003-27-4 polyisobutene polymer 0,0652 % non-hazardous non-hazardous 

25895-47-0 polyolefine polymer 0,0326 % non-hazardous non-hazardous 

1333-86-4 Carbon black 0,0326 % non-hazardous non-hazardous 

 
Kömmerling PVA 200 Comp. A: silicone product consists of 

471-34-1 calcium carbonate 0,4400 % non-hazardous non-hazardous 

9016-00-6 polydimethylsiloxane 0,5134 % 
R52 

R53 
H413 

 
Kömmerling PVA 200 Comp. B consists of 

471-34-1 calcium carbonate 0,0293 % non-hazardous non-hazardous 

1333-86-4 carbon black 0,0220 % non-hazardous non-hazardous 

9016-00-6 Polydimethylsiloxane 0,0147 % 
R52 

R53 
H413 

682-01-9 Tetrapropylorthosilicate 0,0147 % 
 H315, H319, 

H335 

1067-25-0 Trimethoxypropylsilane 0,0037 % 
 H226, H315, 

H319, H335 

 
 

3 FORECAST 

The used crucibles are currently examined by possible customers. bifa is in touch with them. 

They will be invited to the Living Lab Workshop, too. Furthermore, bifa is in negotiation 

with other suitable costumers concerning the crucibles as well as the other waste and by-

products. 
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The used diamond wire is expected to be suitable for the reuse in the steel industry. There 

are experiments in progress to determine a cost-effective treatment in order to remove and to 

extract the diamonds from the wire. 

The question whether there is a subsequent treatment of the disposed wafer cutting slurry is 

still a challenge bifa deals with. The expectation has to be considered that the throughput is 

assumed to decline remarkably in the near future
6
. Hence it follows, that the amount of 

possibly recovered material decreases significantly. Thus the conditions of a recovery or re-

use route become a demanding task. Further research and input from project partners are 

necessary.  

 

The NICE Module is being investigated at bifa. The experiments verify the feasibility of 

damage-free disassembly. The specifications for an automatic disassembly process and 

equipment to decompose an end of life NICE Module into its different components is 

recommended in order to be competitive with respect to new raw materials. The recovery 

and re-use of intact components seem to be possible. The repair of recovered components 

such as defective solar cells and subsequent re-use are thinkable but the viability strongly 

depends on the current cost of new components in comparison with the recovery costs. In 

addition, the quality requirements will have to be met if a direct re-use is targeted. It is 

planned to take a closer look on this as a next step. 

The removal of PIB by means of a chemical treatment is neither regarded as cost- nor as 

eco-efficient. A thermal treatment requires a high energy demand which is undesirable. 

Therefore the glue to fix the solar cells might be replaced by acrylic foams. In despite of the 

slightly increasing costs, the removal of this foam would take less time. This would support 

the recommended automatic disassembly process. 

The compounds of the NICE Module are already allocated to different waste streams. The 

assessment of each waste stream has been started. It is expected that the new European 

waste regulation will not be an issue inhibiting reuse and recovery options. 

 

In order to get a wider range of internal and external use possibilities, the by-products and 

wastes still need to be further investigated. 

 

                         
6
 International Technology Roadmap for Photovoltaic (ITRPV), 2016 Results, Eighth Edition, March 2017 


