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WEATHER-PROOF LUMINAIRE
Length 1.2 m | Weight 2.3 kg | Housing polycarbonate grey | Optic polycarbonate clear

Ferrous metals Printed circuit boards & Plastic residues
non-ferrous metals
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ROAD LUMINAIRE
Weight 17.2 kg | Housing die-cast aluminium | Optic PMMA lens + glass panel

Ferrous
metals

Non-ferrous metals

Residue

CONCLUSIONS
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PROCESS AND RESPONSIBILITIES
HOW A LUMINAIRE FINDS ITS WAY INTO RECYCLING PLANTS recycling process

During the initial treatment,
pollutants are first removed. In the
case of luminaires, these can be
batteries (with emergency lumi-
naires) or PCB-containing capa-
citors (with fluorescent lamps).

Deinstallation in
the building

In the recycling process, the
removal of the lamp

Lamp recycling

) Lamp _ most controversial question is
if necessary (LightCycle) whether plastic (with luminai-
res and mainly PC and PMMA] is
channelled out and recycled or
not. Our shredder test did not yield
Luminaire body or Disassembly into

any significant quantities of sepa-
LED luminaire individual parts rately sorted plastic. Feedback from
Interzero, LightCycle and from the
plenary session at Lighting Europe
(21.02.2023) also state that plastic is

usually thermally recycled.

Certified primary
treatment provider

Waste disposal company, Return to the luminaire
scrap dealer manufacturer

The reasons given for this are,
on the one hand, possible conta-

®m | egally correct path ® |n this way, the electrical contractor ®m | egally possible if the manufacturer L . _
) ) T ) mination with brominated flame
= Primary treatment provider registers may be able to earn a llttlé extra money is ce.rtlfled as a primary treatment retardants (which renders an entire
the devices (weight) and reports to the for the scrap (path shown in grey) provider batch unusable). In addition, PC
EAR Foundation (Stiftung EAR) ® Bypassing primary treatment = Example of WILO (for heating pumps) and PMMA occur in relatively small
= Contributes to the fulfilment of the also avoids registration as separately UL e Lt eidis Gloty ol sl
collected waste equipment and large electrical appliances.

collection quota

® Can be organised via service providers = Valuable components correctly

(container provision, logistics) pass to recycling
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PROPOSED REFERENCE END-OF-LIFE TREATMENT SCENARIO
FOR RECYCLABILITY ASSESSMENTS BASED ON EN 45555

With a so-called reference scenario for the treatment of a product at the end of its life, detailed statements can be made on the recycling
of the various resources and material groups.

} CEEED - BT
Shredder

Selected varieties, lon silicate sand
Plastic separation —> —> *
large fragments
* Anode sludge

_>
(*the optic plastics PMMA and PC are generally not ejected)
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MINIMUM REQUIREMENT ACCORDING TO WEEE AND ELEKTROG

The ElektroG (Electrical and Electronic Equipment Act) transposes the European WEEE Directive

(Waste of Electrical and Electronic Equipment]) 2012/19/EU into German law

N
.

The ElektroG stipulates a number of
minimum recycling requirements:

e Minimum requirements for the selective
treatment of components from waste
electrical equipment according to WEEE
Annex 7

¢ PCBs over 10 cm2 (¥

e Plastic with brominated flame retardant

¢ Gas discharge lamps

e Batteries

e External electrical cables

e PCB-containing capacitors

(* with PCBs this is practically
eliminated by shredding and
sorting — with batteries though,
this would be highly dangerous)
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METALS ARE BETTER RECYCLED THAN PLASTICS
CALCULATION BASED ON STANDARD VALUES FOR RECYCLING RATES

Specific information on recycling rates of materials in e-waste is given in IEC / TR 62635:2012, differentiated according to manual dismantling or shredding
with subsequent sorting. Data in % by weight.

CONCLUSION: The relevant metals are recycled at high rates. The plastics relevant for luminaires [PMMA, PC) are not recycled after shredding.

Recycling Rate

Material manual dismantling shredding
ABS 94 % 74 %
ABS with additives 94 % 0%
PP 94 % 90 %
PP + EPDM 94 % 90 %
PP + glass fibres 94 % 90 %
PP + natural fibres 0% 0%
PP with other additives 94 % 0%
HIPS 94 % 83 %
HIPS with additives 94 % 0%
PE 94 % 90 %
SAN 94 % 0%
PC with or without additives 94 % 0%
ABS-PC blend 94 % 0%
PA, PA-6 with or without additives 94 % 0%
Other polymers 0% 0%
Steel 95 % 94 %
Aluminium 95 % 91 %
Copper 95 % 85 %
Other metals 95 % 70 %

Representativeness of the data

Product groups: Small and large household appliances, IT and telecommunications equipment,
consumer electronics

Geographical: Europe
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THE COPPER SMELTER: RECYCLING OF LED
MODULES AND CONTROL GEAR UNITS

Electronic components are recycled in the copper smelter and refined in an
electrolysis process. The by-product is an anode sludge from which precious
metals are recovered.

The melt is filled with
e copper scrap, PCBs

e scrap iron as a reducing agent } produces large quantities

* sand of iron silicate sand

Steel and aluminium components go into the slag, which is marketed as iron silicate
sand e.g. for the construction industry and therefore counts as a recycled product.

For a material-specific use though, steel and aluminium are lost here, which is why we
do not include them in the recycling yield below.

Organic components (plastic, PCB

substrates) are used as fuel in the oven Overview of recycling rates
in the copper smelter at Aurubis, Liinen

and are relevant for the company or Figures in % by weight.

plant’s CO; trading. Metal recycling rate
Copper >90 %
Silver > 90 %
Gold >90%
Palladium > 90 %
Lead >90%
Tin >75%
Nickel >90%
Antimony >80 %

[Chancerel & Marwede, Feasibility study for
setting-up reference values to support the
calculation of recyclability/recoverability rates
of electr(onlic products, JRC technical reports
(2016]]
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RECYCLING ‘

A

RECYCLING OF LED MODULES

Probenahme, Kayser Recycling System (KRS) Anodenofen
Materialvorbereitung f |
" .gw Badschmelzofen TBRC*
] " ™
L _
g™ T [ Legierungsschrotte Altkupfer
Schldmme /
Riickstdnde Schwarzkupfer Konverterkupfer —
E-Schrott (80%Cu) _ (95%Cu)
L") N . —),
Eisensilikatsand Mischzinnofen
KRS-Oxid, zinkhaltig
Q _O O
5
A Zinn-Blei-Legierung

AnodengieBanlage

KX 2

Qe

Anode
(~99 % Cu)

\
.

/<<

m Begleitprodukte

— W

Kupferelektrolyse

AAaurubis

Kathode
(>99,995 % Cu)

i

+

|

Nickelsulfat
Anodenschlamm -+ Edelmetallgewinnung

*Top Blown Rotary Converter
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SEPARATING, MELTING, UTILISING
FURTHER METAL MELTING AND THE "METAL WHEEL"

There are other smelters for other base metals (sectors of the metal wheel)
in the recycling system. The metal wheel shows which metals in which melts are
recovered, are lost, or even cause quality problems. Here it can be seen:

e Aluminium and iron are lost in the copper smelter
(in the slag, outermost ring, in oxidised form FeOx and Al203)

e Copper and precious metals are lost in the iron or copper smelting
process or even contaminate it: “Copper is toxic in iron recycling”.

Electrolysis Tl
Steel (BOF&EAF Remelt  Pyro-, Hydro-
el } Refine Cl-Metallurgy

Remelt
FeTi M\'g
Electrolysis,

Remelt, Refine

Mn

TRIP Austenitic

Ferraalloys -
Ni & Cr Circular ;
SUMMARY Also e steel segment for Cr Stainless Steel Eco nOmv Hydro- & Pyro-

other non-alloying minors Ferroalloys metallurgy

Interconnected
Agile Process REE
Metallurgical Hydro-

Infrastructure Metallurgy
RLE / Smeit / r Battery Recycling
Fume /

It should be possible to separate

luminaire bodies into compatible

fractions (according to the metal
wheel), otherwise they will be lost
for further material-specific utili-
sation.

M in the metal phase

M in slag/fly ash, processing possible

M in slag/fly ash

@ recoverable elements

® cannot be separated, remains inseparable as a functional
component, reduces the quality of the main metal
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RECYCLING ‘

PRACTICAL RESULTS
RECYCLING OF LED MODULES

If recycled correctly, LED modules end up in the copper smelter.
The PCB substrate accounts for the largest mass. There are two scenarios here:

¢ Organic substrate (e.g. FR4, CEM3) burns in the copper smelter

e Aluminium core PCB: the substrate cannot be separated from the strip conductors
and components and oxidises in the copper smelter (serves as a reducing agent
and ends up in the slag). Despite the large quantity of aluminium, aluminium core
PCBs should not be recycled in the aluminium smelter because the copper carried
in is toxic for the aluminium smelter. Also, the scarcer metals (according to ADP
elements) are recovered in the copper smelter.

Emission factors for transport and journeys

LED-Modul recycling rate Reyc
CEM3 substrate (731x22 mm) with 96 mid-power LEDs 11 %
aluminium substrate (147x45 mm) with 12 high-power LEDs 8 %

Reyc is the weight percentage of the recycling yield in relation to the weight of the module.

FINDINGS FROM THE DETAILED ASSESSMENTS:

: i : ¢ Only a small proportion of the mass is recycled, but these are the metals with the
largest ADP elements contribution.
3 Eg ' zﬁ: ju e Applying strip conductors and LEDs to aluminium or directly to sheet
- : - — steel prevents the aluminium or steel from being recycled.
' 19 * Results of 8-11% are even lower than the standard values for poorly
» : assembled PCBs from |IEC TR62635:2012
| e gl e
A Ea AR L A LR R Lo L o O L B L 0 e e L it e 4 b e i Ly L7 oL L Rl T 1L | TN by el ¢ Ly Bl L 4 L 0 1 L e o{ e L L L IOV L b L 9
Ll — N . g — 3 o oo
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PRACTICAL RESULTS
RECYCLING OF CONTROL GEAR UNITS

Two scenarios were considered, of which it is currently not possible to judge which is more realistic:
1) The housing and PCB are separated in the shredding process and forwarded for separate recycling
2) The ECG goes completely into the copper smelter without separation and the housing burns as a reducing agent

Control gear unit Reyc with separation RYe Flat-rate values

without separation for furtheruse
Outdoor impossible 12 % Outdoor EVG
Compact 15 % 14 % —) ECG (plastic)
Linear DALI 50 % 13 % ECG (sheet metal)
Linear non-dim 59 % 15 %

Angaben in Gewichts-%

12 %
15 %
55 %

RECYCLING ‘ CONCLUSIONS

FINDINGS FROM

THE DETAILED ASSESSMENTS

e The main recycled weight fractions
come from the housing (if sheet metal]
and the copper.

e For ECGs with plastic housings
(Outdoor, Compact), the housing is not
recycled, resulting in low recycling rates
of 12-15%. A potting compound defi-
nitely prevents the housing and PCB
from separating.

¢ ECGs with sheet metal housings
achieve recycling rates > 50% if the
housing and PCB can be easily
separated, i.e. if they already separate
from each other in the shredder.
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LOSS ACCOUNT
WHAT REMAINS AFTER RECYCLING

The left column shows the weight composition of the luminaire when new, Mechanics HHE Optic HEN
and the right column shows what remains of it after recycling. Wiring HHE Electronics WM
100%
84%
80% -
73% ]
60% - — |
45%
40% 5 = 37%
20% l 22%
0% s ! | — — || ._=—- [
Creavo Mirona Fit Lumega 1Q E-Line Next Opendo Sonnos Luceo S 74R Oleveon Fit Arimo Fit
® PMMA optic  ® PC optic B Glass cover Cable B PMMA parts  ® PC-Optik, ® PMMA optic = PMMA B Housing B relative
ECG, insulation of the optic relative Diffuser part and heavy PMMA
sealed ® PMMA optic heavy large LED ® QOptic Covers

ECG module made of PC
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THE COMMON PRACTICE
RECYCLING OF PLASTIC AFTER THE END OF LIFE

According to the current state of technology, the plastic from LED luminaires is incinerated
e because it occurs in too small quantities in the general stream of electronic waste (PC and PMMA]
e because it could be contaminated with flame retardants

SUMMARY

It is uncertain which recycling technologies will be practised in 20 years’ time and which substances will then be banned.
Even when luminaire diffusers and housings are separated by type, there are still many challenges concerning recycling:

transparent PC - yellowed grey PC - soiled and white PMMA - soiled with dust

with adhesions and wall paint

RECYCLING ‘

CONCLUSIONS
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FINAL CONCLUSIONS
FOR RECYCLABLE LUMINAIRE DESIGN

Metals

It should be possible to separate Organic adhesions (paint, No copper adhesion to steel if it is to be recycled (e.g. nickel-plated springs,
luminaire bodies into metallur- plastic, adhesive] on metal copper-plated)
gically compatible fractions, as fractions are tolerable, burn in

specified by the metal wheel. the melting furnace
No copper adhesion to aluminium if it is to be recycled

Plastics

In the current state of recycling Adhesions (metal, adhesive,

rubber etc.) on plastic

technology, the relevant plastics for
luminaires are only recycled if they prevent recycling.

are removed manually.

Flame retardants in the plastic
prevent recycling. Polymer/polymer clipping, polymer/foam sticking, polymer/metal insertion,

metal screwing [photos: Maris et al. 2015]

Electronics

L+

PCBs should be easily The main metals recovered are Other critical raw materials such as gallium or
removable from housing materials the (more precious) metals such as rare earths are not recovered because they oxidise
(in the shredder). Cu, Ag, Au etc. during the process.
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FROM PRODUCT BACKTO RAW MATERIAL
VALUE CREATION AND DESTRUCTION

Some of the raw materials are recovered during recycling. Most of the ‘value’ is lost in the process, because it is not in the raw
materials but in the way in which these substances are combined to form a useful unit.

Raw materials: approx. € 5
- Steel, copper, aluminium, precious metals (according to market prices), plastic granulate

Production costs: € 40-50
- Purchase prices of components, semi-finished products and materials
- Sheet metal processing, assembly, testing, packaging

List price: a few hundred euros
- Reference value for the end customer (includes three-stage distribution)

Scrap value: just over € 1
- For the type-specific sale of coated steel, plastics, cable scrap, assembled PCBs
[

Raw

materials
CONCLUSION: because the value of the product is higher than that of the recycled raw material by several

times, it makes economic and ecological sense to use the product for as long as possible.

Production
costs

CONCLUSIONS

Scrap value
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CIRCULAR ECONOMY
ALTERNATIVES TO RECYCLING

Preliminary conclusion
It seems that recycling is the least favourable option (also economically) in the circular

economy. It is the ‘last resort’, not the first choice.

Higher-value strategies

In current literature, 5 to 10 ‘R-strategies’ are discussed as parts of the circular
economy: re-think, repair, re-use etc., all of which are prioritised higher than recycling,
as they promise greater savings. In the butterfly diagram (see right], the best strate-
gies describe the smallest circles - as this is where the least effort is involved in the
process of putting the materials back into use (grey circle).

Our challenge in the professional lighting market
The useful lives are usually very long. We currently get back luminaires that,
at 25 years old, are completely outdated, and we will get most of our current

luminaires back in another 25 years.

Material
recycle

remanufacture

Production

maintain

Use

Losses
53



