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Introduction
The deliverable D5.3, “Product and Process Eco-Design Guidelines” is the result of the Task
5.3 (Product and process Eco-Design), that has had the main goal to analyse the REPROLIGHT Exchangeability Demonstrator (A2 Luminaire), and its development follow-ups, with the
aim of releasing Eco-Design guidelines for the LED luminaire manufacturing. The Eco-Design
analysis has been based the on the results obtained in Task 5.2 (LCA - Life Cycle
Assessment), and the related deliverable D5.2 (“LCA Report”), creating the appropriate links
and emphasizing hot-spots with the 3 environmental metrics chosen do describe the product
from an environmental point of view: ADP elements (for material use), PED (for energy use),
and Carbon-footprint (as general widely used and easy understandable environmental
measure).
The scope of the deliverable, addressed to lighting manufacturers and final customers, is to
provide suggestions for use and waste management, as they come from the analysis of the
above-mentioned Repro-Light developments.
The methodology approach for drafting these guidelines has been borrowed from the ISO
standard 14006. The ISO 14006 provides a basic framework to help organizations establish,
document, implement, maintain and continually improve their Eco-Design management as part
of the environmental management system, and it can be also used to integrate Eco-Design
into other management systems.
Deliverable D5.3 uses the framework of the ISO 14006 as a reference, without any ambition
to provide an Eco-Design certification tool - usually issued by the manufacturer in conjunction
with other standards, and prior to product development and market uptake - and for completing
the environmental analysis already started with the above-mentioned deliverable D5.2, about
LCA.
These guidelines release has been drafted in alignment with the current European Eco-Design
directive, as well as using RoHS, WEEE, and REACH regulations, as guiding normative
references.
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List of Abbreviations
ABS

Acrylonitrile butadiene styrene

ADPe

Abiotic Depletion Potential elements

ADPf

Abiotic Depletion Potential fossil

AP

Acidification Potential

EDP

Eco Design Phase

EDR

Eco-Design Regulations

ECG

Electric Control Gear

EoL

End of Life

EIPD

Environmental impact for producing and disposing

EU

European Union

EP

Eutrophication Potential

GWP

Global Warming Potential

LCA

Life Cycle Assessment

LCI

Life Cycle Inventory

LCIA

Life Cycle Impact Assessment

LEDs

Light Emitting Diodes

LEDC

Light Emitting Diode Control

LEDM

Light Emitting Diode Module

PED

Primary Energy Demand

PDS

Product Design Specifications

PET

Polyethylene terephthalate

PMMA

Polymethyl methacrylate

PP

Polypropylene

PLM

Product Lifecycle Managment

WEEE

Waste Electrical and Electronic Equipment

RoHS

Restriction of (the use of certain) Hazardous Substances

REACH

The European Chemicals Agency (ECHA)
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What is Eco-Design?
Eco-Design can be seen as the procedure of the integration of environmental aspects into
product design and development, with the aim of reducing adverse environmental impacts
throughout a product’s lifecycle [DIR 125/EC, 2019].

Fig. 1. “Eco-Design” world [Karlsson & Luttropp, 2006].

An Eco-Design process should be based on the concept of Life Cycle Thinking, which requires
consideration during the design and development process of the significant environmental
aspects throughout their lifecycle stages.

Fig. 2. Life Cycle Thinking perspective [LCI, 2020].

The scope of Eco-Design is that to introducing environmental variables and considerations into
the product design phase. In this perspective, Eco-Design is the meeting between performance
requirements and the need for the reduced environmental load that materials and the
transformation processes must have, in a Life Cycle Thinking perspective.
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Fig. 3. Eco-Design vs. Design.

A product has various environmental, social and economic implications throughout its life,
starting from raw material extraction to manufacturing, distribution, product use and finally to
the treatment at the end of the lifecycle. Environmental effects occur, for instance, when
resources are taken from or emissions are released directly into the ecosphere. They can
cause environmental problems such as global warming, smog or eutrophication of water.
Similar cause and effect chains can be identified for economic and social implications.
In order to obtain effective improvements, the entire lifecycle of a product has to be optimized
and all the auxiliary processes required by the product to fulfil its intended functions must be
considered. Instead of focusing on the individual product aspect only, the whole product
system has to be evaluated and optimized.
Eco-Design can be the approach to reduce significantly the lifecycle environmental impacts of
products. Integrating Eco-Design into product development offers advantages such as:
▪
▪
▪
▪
▪
▪

Economic benefits, e.g. through increased competitiveness, cost reduction and
attraction of financing and investments.
Comply with legislation.
Promotion of innovation and creativity, and identification of new business models.
Reduction in liability through reduced environmental impacts and improved product
knowledge.
Improved public image.
Enhancement of employee motivation.

To be successful and realise these benefits, Eco-Design must be integrated into the strategic
planning and operational management of the organisation.

The Eco-Design stages
Design and development vary depending on products and organizations.
There are various approaches to incorporating environmental aspects into product design and
development processes, for example, starting by modelling the product system. The aim, in
this case, is to understand the product and all its functions in detail and to gather the necessary
information needed for the following steps the environmental assessment and the stakeholder
analysis.
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The choice of a design solution should achieve a balance between the various environmental
aspects and other relevant considerations: functions, technical requirements, quality,
performance, business risks, and economic aspects.
The following steps should be carried out during a complete Eco-Design assessment.
a) Specify the functions of the product.
b) Define significant environmental metrics (i.e. quantitative parameters), from the
analysis of different parties’ environmental requirements and inputs, and the
evaluation of the environmental aspects.
c) Identify relevant environmental objectives/targets, on a base of a predefined
general Eco-Design checklist and the related improvement strategies.
d) Develop these environmental objectives/targets based on the improvement
strategies drafted and assess the improvements.
e) Establish a product specification addressing the environmental objectives/targets.
f)

Develop technical solutions to meet the environmental objectives/targets.

These later two points are necessary if the assessment is made during the design and
development iterations, also taking into account other design considerations. To get a
complete picture, product data should be collected along the full lifecycle of a product. The
graphic in Fig. 4, shows the relevant modelling parameters for each of the lifecycle stage, we
have considered in the following analysis: raw materials use and product manufacture, in the
design and production phase; use phase; end of life. The same parameters, as told, we have
tried to analyse in the sections that follow.
- Ease to Use
- Usage Scenarios
- Energy Consumption
- Reparability

- Use of raw materials

- Use

- End of Life

- Manufacture

- Used Materials

- Reusability

- Energy Consumption

- Ease to disassembly

- Carbon Footprint

- Recyclability

Fig. 4. Simplified scheme of the lifecycle diagram as it was used in the deliverable D5.3.
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The Eco-Design guidelines
Eco-Design guidelines are organised, within this deliverable, using as framework that offered
by the standard ISO 14006, presented in the next section. The Eco-Design guidelines are
usually arranged as checklist during design and development iterations, and can cover
different areas (e.g. disassembly, materials, manufacturing processes, regulations and
directives, recycling), also additional to design considerations.
They are usually applied during the design and development process, as told, to ensure that
all the eco-directives related to the product are considered in each decision-making process
(design interaction).
Eco-Design guidelines are especially useful at the beginning of the design process when no
other Eco-Design tools can be used because there is no concept or prototype to be assessed
yet, but can be also used, as in this deliverable, to provide a checklist of the eco-advantages
introduced, and assess environmental objectives/targets are met, in relation to the Eco-Design
improvement strategy.
Eco-Design guidelines can be used to influence all the other stages of product lifecycle,
providing suggestions and allowing strategies to design, produce, distribute and dispose, more
sustainable products.
Following, some general examples of these suggestions collected taking into from an analysis
of different Eco-Design studies, taken from literature.
Manufacturing stage:
•

•

Material selection:
- Use as small amount of material as possible.
- Use recycled and recyclable materials.
- Use one or few types of materials in the same product.
- Avoid the use of banned toxic materials (as indicated in RoHS).
- Select local materials.
- Use materials which have established recycling networks.
- When choosing recycled materials, select post-consumer recycled
materials.
- Avoid the use of adhesive or glues.
- Use light materials (low density).
- If using more than one material, they should be recyclable.
- Use materials that are durable.
- Choose materials that achieve aesthetical properties over time (age
gracefully).
- Choose materials that do not require energy-intensive processes to be
shaped.
- Avoid composites and other thermostable plastics.
- Avoid using scarce and limited materials.
- Avoid use energy-intensive extraction and refinement materials.
Choose manufacturing processes that:
- Avoid energy-intensive manufacturing processes.
- Do not waste material.
- Recycle the material wasted (pre-consumer waste).
- Do not create harming emissions.
- Do not produce liquid and solid waste.
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•
•
•

- Use water and energy efficiently (if at all) and use renewable energies.
Design components that are multifunctional (may be advantageous but only
after appropriate evaluation).
Specify re-manufactured components.
Design components with minimum volume.

Distribution stage:
•
•
•

Choose efficient transport means (e.g. ship).
Avoid Air freight, because is very energy intensive.
Design efficient distribution/logistic systems.

Use and Maintenance stage:
•
•
•
•
•
•
•
•
•
•
•

Design maintenance-free product, if possible, in which all components match
the required usage time.
Design modular products so that parts and components can be updated and
repaired.
Design easy to dismantle products to facilitate upgrade and repair of parts.
Provide spare parts and components as well as list with the product’s
components and the suppliers references.
Design product which are dirt-resistant, easy to clean and require little
maintenance.
Indicate on the product how it should be opened for cleaning or repair.
Use light management system to reduce the amount of energy used.
Use energy-efficient light sources and drivers.
Locate components that might wear out easily in accessible areas.
Design lighting products with devices that allow the control of the quantity and
quality of light to use the exact quantity and quality needed for each purpose.
Allow users to switch off lighting modules individually.

End of Life stage:
•

•

Fasteners/joints:
- Use few fasteners as possible. Use the same type of fasteners if
possible, to facilitate disassembly.
- Use fasteners which do not require tools or require standard tools.
- Avoid welding joints; only join permanently materials that are compatible
for recycling.
- Use detachable joints such as snap-fit, screw or bayonet joints instead
of welded, glued, or soldered connections.
Disassembly:
- Design products so different parts (materials) can be separated easily
and reused, re-manufactured or recycled depending on the component.
- Reduce disassembly steps.
- Use one disassembly direction to avoid reorientation.

D 5.3 Product and Process Eco-Design Guidelines

10 of 72

REPRO-LIGHT

-

•

Design for multiple detachment with one operation.
Design the product so it does not need to be dismantled for recycling.
Minimize the use of energy-intensive processes in disassembly.
The cost of disassembly has to be less than the cost of the material
recycled.
- Make sure that joining points are easily accessible and there is enough
space to allow disassembly with tools.
- Include symbols or pictograms to inform about the disassembly process.
- Select joining systems that can be dismantled after long periods of use.
- Avoid use of joints that require energy-dependent tools for disassembly.
Recycling:
- Avoid the use of coating on materials surfaces.
- Avoid the use of labels, use emboss to mark components.
- Use few different materials for all the components if possible.
- Minimize the number and length of wires
- Facilitate reuse and recycling by using standard codes for identification
(marking) of materials and components.

The Eco-Design checklists
Eco-Design guidelines are becoming, for a more practical and efficient use of those, EcoDesign checklists. The checklist points that are more relevant for lighting products (including
its packaging) are presented in the following.
These have been collated from different specifics lighting publications and manuals available
in the literature - see e.g. [Casamayor, 2015].
Table 1. Checklist for eco lighting products vs. the points addressed by the Repro-light luminaire (the
points checked are addressed by Repro-light demonstrator see section “Eco-Design Assessment of
Repro-light Demonstrator”, pg. 60).

Checklist for Eco Lighting Products
1

- Use fewer components.

X

2

- Design components with several integrated functions.

X

3

- Increase product lifespan.

X

4

- Apply modular design.

X

5

- The product should be easy to repair.

X

6

- The product should be easy to upgrade.

X

7

- Specify re-manufactured and re-used components.

8

- The product should be durable.

X

9

- Easy access to components for repair.

X

10 - Avoid manufacturing processes that consumes a lot of energy.

X

11 - Avoid distribution processes that consume a lot of energy.

X
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12 - Avoid materials that consume a lot of energy to extract and process.

X

13 - Improve the energy-efficiency of the product system.

X

14 - Design and implement systems that facilitate products and components recovery X
for re-use/re-manufacturing/recycling.
15 - Use the minimum type of different materials.

X

16 - Specify highly recyclable materials.
17 - The product should be easy/fast to disassembly.

X

18 - Avoid the use of (special) tools for disassembly.

X

19 - Avoid non-detachable joints (welded or glued joints).

X

20 - Avoid the use of labels.
21 - Avoid the use of finishes in materials.

X

22 - Specify snap-fit joints.

X

23 - Select low environmental impact materials and manufacturing processes.

X

24 - Avoid the use of PVC.

X

25 - Reduce the weight and volume of the product and packaging.

X

26 - Specify reliable components from well-known suppliers.

X

27 - Optimise use of material.

X

28 - Specify standard (e.g. Zhaga) components.

X

29 - Use smart technology that reduces energy during use (i.e. occupancy and light

X

sensors, timers).
30 - Allow light control (intensity/direction): Use dimmers and directional lights.

X

31 - Use energy-efficient light sources.

X

32 - Specify recycled materials with the highest % of recycled material.
33 - Reduce the number of joints.

X

34 - Mark materials for easy identification for recycling.
35 - Mark products/materials that can be recycled.
36 - Avoid PCB with welded components

X

37 - Specify drivers with short and open circuit protection.

X

38 - Specify drivers with overload and over voltage protection.

X

39 - Specify drivers with Safety Extra Low Voltage (SELV).
40 - Specify future-proof drivers that provide industry leading output voltage range
enabling seamless support of LED generations.
41 - Simplify the manufacturing process, fewer processes.

X

42 - Implement long term warranty.

X
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43 - Provide exploded view with components and suppliers of each component to X
facilitate repair.
44 - Provide information about how and where to dispose the product.

X

The Eco-Design strategies
This deliverable has the main objective to evaluate the overall environmental impacts of the
Repro-light luminaire demonstrator, during its product lifecycle, and to identify key processes
and key affecting factors behind the results.
The LCA results can be used to drive Eco-Design decision-making with regard to the following
objectives:
•
•
•
•

To define the eco benchmarks, in terms of identifying the advantages over the other
LED luminaires manufactured.
To allow the identification of the requirements for an eco-redesign of the luminaires
assessed.
To have a general reference about typical lifecycle stages and components with the
highest impact in LED luminaires.
To understand how different possible scenarios could affect the total impact, and the
impact of each lifecycle stage.

Strategies regarding this lifecycle stage analysis, improve the design of the product by
considering concepts like functionality, temporality, and lifespan. However, other stakeholders
can be involved in this stage, such as consumers, when providing environmental information,
and suppliers, when demanding environmental information of production inputs.
Table 2. Main strategies regarding Concept (i.e. Conceptual Design).

Lifecycle
stage

Concept

Strategy

Environmental aspect

Dematerialization

Reduction of resources consumption

Product sharing

Maximization of product use

Multifunctionality

Reduction of resources use per function

Timeless design

Enlargement of lifespan

Environmental information

Market differentiation

Demand of suppliers’
environmental information

Environmental impact of products
Environmental responsibility

Design for assembly and
disassembly

Reduction of environmental impact of
other lifecycle stages of the product

The materials of a product can be optimized through different ways. The amount of resources
can be reduced or optimized. Materials can be switched to more environmentally friendly
options: renewable materials, recyclable materials or low-impacting materials.
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Moreover, materials selection can be done based on other lifecycle stages. A single material
design can enhance the recyclability of the product, materials with low maintenance
requirements can reduce the contribution of the use stage to the environmental burdens, as
well as materials with low impacting end-of-life options can improve this stage of the product.
Finally, the selection of local suppliers for the material inputs reduces the transport
requirements
Table 3. Main strategies regarding Materials.

Lifecycle
stage

Strategy

Environmental aspect

Dematerialization

Reduction of resources consumption

Single material design

Enhance recycle options

Recyclable materials

Materials

Renewable/Natural resources

Decoupling of non-renewable resources

Low-impact materials

Product impact reduction

Use of abundant materials
Local resources

Local positive impacts and distribution
impact reduction

Materials with easy end-of-life Reduce product end-of-life impact
management (biodegradable)
Materials with low maintenance

Reduce product use impact

Reused components

Reduce resources extraction

Production strategies commonly address efficiency. Material inputs and their environmental
impact can be reduced by enhancing internal recycling processes. Attention is also paid to the
energy flow, where the consumption can be reduced, and the energy source may be as clean
as possible (renewable energy systems). Finally, the production process can be revised to
optimize and invest in cleaner production systems while reducing the environmental impact of
this life-cycle stage.
Table 4. Main strategies regarding Production.

Lifecycle
stage

Strategy

Environmental aspect

Internal recycling

Waste and emissions reduction

Closed-loop production
Production

Optimize production processes

Reduce production impact

Choose cleaner production
processes

Enhance efficiency

Use of low-impact energy
sources

Reduce energy consumption impact
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Local production

Reduction of logistics requirements

Although packaging is a secondary lifecycle for the analysed product, it is an important stage
to assess and it can result into transversal environmental actions.
Main strategies focus on the reduction of the resources’ consumption and the associated
impact, and they also consider the volume in the design, which affects other lifecycle stages.
The lifespan of the product can be enlarged by designing a reusable or multifunctional
packaging.
Table 5. Main strategies regarding Packaging.

Lifecycle stage

Strategy

Environmental aspect

Avoid superfluous packaging

Reduction of resources
consumption

Dematerialization
Reusable packaging
Packaging

Enlargement of lifespan

Multifunctional packaging
Low-impact materials

Reduce of product packaging
impact

Recyclable materials

Enhance recycle options

Volume reduction

Optimization of product distribution

First, the design of the product can be optimized to reduce the product weight and, therefore,
to reduce the environmental burdens of transportation. Second, transportation requirements
can be diminished by looking for local suppliers and retailers. Finally, more environmentally
friendly means of transport (biofuels use, efficient systems) can reduce the environmental
impact of the distribution phase.
Table 6. Main strategies regarding Distribution.

Lifecycle
stage

Distribution

Strategy

Environmental aspect

Optimization of product weight

Reduction of energy consumption in
transportation

Local distribution

Reduction of transportation distances

Biofuels use

Biofuels use, and more efficient
transportation systems, can have a
huge environmental impact

Efficient transportation

Regarding the use stage, strategies may focus on the optimized use of resources (e.g. design
for an easy installation and maintenance), the enlargement of the lifespan of the product (e.g.
design for disassembly and easy reparation) and communication-to-user to enhance best
practices by reducing the environmental impact of this stage.
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Table 7. Main strategies regarding Use.

Lifecycle
stage

Use

Strategy

Environmental aspect

Optimization of resources
consumption during use

Reduction of product use impact

Easy installation/assembly

Reduction of resources consumption

Easy maintenance
Easy reparation

Enlargement of lifespan

Modular design
Availability of spares
Design for customize
Product reliability and durability
Communication-to-user

Reduction of product use impact

Different strategies can be used to improve the EoL stage. Materials can be recyclable or can
be biodegradable to reduce the environmental impact of the disposal process. The design can
be performed for disassembly (facilitate end-of-life management) or for reusability (enlarge the
lifespan). Finally, communication-to-user strategies can enhance best practices regarding endof-life treatments to reduce their impact.
Table 8. Main strategies regarding End-of-Life.

Life cycle
stage

Strategy

Environmental aspect

Simplification of disassembly

Enhance recycle and reuse options

Components disassembly
Recyclability
End-of-Life

Materials identification
Reusability

Enlargement of lifespan

Biodegradability

Reduction of product impact

Communication-to-user

Reduction of product end-of-life impact

As we can see from the previous list of general identified suggestions, the scope and the
strategy for guiding Eco-Design has the main aim to improve the environmental performance
of a product (e.g., its materials use, its energy use and more general its footprint) by optimizing
inputs and outputs of the production process, reducing resources consumption (i.e. energy,
materials, water), the environmental impact (e.g. emissions, waste) and increasing the
efficiency of the overall lifecycle, from the design, till the EoL.
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As external drivers, environmental improvements can be used for communication-to-user and
marketing purposes while increasing the presence of environment as a decision-making
criterion during purchase.
Moreover, improved environmental profiles comply with current regulations but also anticipate
a more restrictive normative. In the end Eco-Design contributes to: global sustainability,
current legislation, and establishment of a framework of continuity and homogeneity in
implementing, maintaining and updating environmental management systems - see [ISO
14006, 2011].
Eco-Design can be used with different goals depending on the product lifecycle stage(s) which
should be improved. In this sense, different “Design for X” tools can be used in parallel or
interacting with the Eco-Design analysis.
Design for Re-Manufacture [Borchardt et al., 2011; Okumura et al., 2001; Pigosso et al.,
2010], focused on the re-design of an existing product. Design for re-manufacture and
assembly [Boothroyd et al., 1994], aims to improve the production processes.
Design for Disassembly [Cser & István, 1996], intended to optimize the lifespan of the product
(e.g. substitution of pieces and reparation) as well as to enhance the product recyclability.
Design for Re-Use [Hoffmann et al., 2001], aimed at optimizing the lifespan of the product.
Design for Recycling [Seliger et al., 1999; Oyasato et al., 2001] aimed at enhancing the
product recyclability by avoiding EoL treatments with higher impacts.
Apart from these additional “Design for X” tools, and focusing on how the Eco-Design analysis,
three sequential steps can be identified for an efficient use on this analysis.
The first step is devoted to identifying a framework that retains sufficient discrimination of
analysis, and, as in the case on the Repro-light project, can be based or can source
quantitative data from a parallel LCA, or similar studies. A spectrum of levels of analysis exist,
ranging from a simple eco-screening against a list of banned or undesirable materials and
processes to a full lifecycle analysis.
The second step is to select the appropriate measures to reduce the eco-stress. On one point
there is some international agreement committed the developed nations that signed it to
progressively reduce carbon emissions, meaning CO2. In the context of Repro-light project
two additional metrics, borrowed from the LCA study [D5.2, 2020], were used, meanly ADP
and PED, the first focusing on material use, the second focusing on energy use. This choice
was made and preferred to the one based on a single metric (i.e. CO2-footprint), because it
better captures the global picture rather than the classical CO2-footprint.
The third step is to, separating the contributions of the phases (material, manufacturing, use,
transportation, and disposal), to look at the representative normative directives, specifically
European Eco-Design directive, as well as RoHS, WEEE, and REACH regulations, and to
define a checklist of requirements to be answered with the analysis of the specific product
under study, vs. the benchmark or the product improvement strategy selected.
For selection to minimize environmental impact the Eco-Design study should also ask: which
phase of the lifecycle of the product under consideration makes the largest impact on the
environment?
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For luminaires, the use phase is 99% of the energy use [EU Report, 2011]. Thus, the only
conclusion would be to save as much energy as possible, if we only take PED and CO2footprint into account.
If we also take ADP into account, quantitative information to support a material-optimised
design is available. This information is missing if we decide to only look at the carbon
emissions.
The answer should guide the material selection and in general the product Eco-Design.
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ISO 14006: the Framework for this Study
Terms and scope
Standard ISO 14006 (2011) “Environmental management system. Guidelines for incorporating
Eco-Design”, provides an instructional guidance on incorporating Eco-Design into any
environmental, quality or similar management systems.
The basic guidelines aim to help organisations establish, document, implement, maintain and
continuously improve their management of Eco-Design as part of an environmental
management system, but it is not intended for certification.
The guidelines are applicable to any organisation, independently of its size or activity, and
affect the environmental aspects related to the product that the organisation can control or
influence. This standard is related to and follows the structure of other product design,
environment, and quality management standards, as shown in Fig. 5.

Fig. 5. Relationship between ISO 14001, ISO 9001, IEC 62430 standards [ISO 14006, 2011].

To explain the Fig. 5, ISO 14001 links management of an organization’s processes with
environmental impacts but does not include design management processes. ISO 9001 covers
the design management process but does not explicitly cover environmental impacts. ISO/TR
14062 and IEC 62430 assist in corporation of the evaluation of environmental aspects and
impacts into the design and development process, but as such, they do not fully explain the
activities involved within an environmental and business management framework, such as
those described in the ISO 14001 standard.
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Methodology
The application of standard ISO 14006:2011 to a lighting product has entailed performance of
the following two main groups of activities:
▪

▪

Development of a method based on the Life Cycle Assessment (LCA) methodology
according to ISO 14040:2006 and ISO 14044:2006, to quantify the environmental
impact of the product - for more details see [D5.2, 2020].
Generation of the required documentation (procedure and records) for the EcoDesign assessment of the lighting product under study (A2 Luminaire).

Application of the LCA results
The methodological approach adopted for the analysis of Eco-Design is deﬁned as “the
integration of environmental aspects into product design and development with the aim of
reducing adverse environmental impacts throughout a product’s lifecycle” [ISO 14006, 2011].
The attention was focussed on the phases of the product lifecycle that most signiﬁcantly affect
the environment so that upon re-designing the product, its environmental impact can be greatly
reduced. Integrating Eco-Design into product development can offer several advantages to
industry and public organizations such as economic beneﬁts, legislation fulﬁlment, innovation
and creativity promotion, public image improvement, and employee motivation enhancement.
To be successful and obtain these beneﬁts, Eco-Design should be integrated into the strategic
planning and operational management of the organization.

Fig. 6. Eco-Design Methodology flowchart [ISO 14006, 2011].
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Finally, the ISO 14040:2006 and ISO 14044:2006 standards, used in the LCA study [D5.2,
2020], have been used as methodological framework to follow for quantifying the
environmental impact of the product, and the metrics used to highlight the Eco-Design
advantages.
The main objective of this work is to show and exemplify the step by step and detailed
application of the Eco-Design methodology described in ISO 14006:2011 for reducing the
environmental impacts of the product object of study; LCA is used as the tool for environmental
impact assessment.
According to this, the following actions were taken:
•
•
•
•
•
•

Specify product functions.
Emphasise the environmental metrics and hotspots from the LCA study.
Identify the current Eco-Design regulations and their more appropriate analysis spots.
Define a checklist for an eco-light product, identifying a strategy for product
improvement, selected according to results of the previous steps.
Develop environmental objectives based on the improvement strategy.
Assess the product under study vs. the objectives identified in the improvement
strategy to define its eco-profile.
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Product Functions & Benchmarks
Although LED continuous line systems usually have enormous potential, for example in
industry, retail, office and education, in some cases most of them are still too rigid in terms of
modularity. The result is compromises in terms of lighting quality, energy efficiency, design,
controllability and future safety. This is a challenge for lighting designers and architects, a risk
for operators and a nuisance for users.
In the Repro-light project, the serviceability of Luminaire A2 (Exchangeability Demonstrator) is
studied considering exchangeable LEDC and LEDM components.
They are designed to have their lifetime as the luminaire in an industrial lighting hall (70,000h),
where abrupt failures of luminaires due to those components could occur, being necessary to
know the failure fraction.
The difference is that the Luminaire A2 produced in the Repro-light compared the Luminaire
A1 has an exchangeable LEDM with plugs fixed to it to be easily connected/disconnected by
the customers. With this new characteristic, the Luminaires A2 presents two components that
can be repaired/exchanged (LEDC and LEDM).

Fig. 7. View of the Luminaire A2 (Exchangeability Demonstrator).

We have proceeded by breaking the product down into its subgroups and so on until we reach
the components that can no longer be divided manually but which require specific industrial
processes. In this way, in addition to keeping track of the dismantling sequence of the product,
we can have an overall idea of what its disassembly logic may be to highlight any critical points
or strengths.

Luminaire A2 datasheet

Table 9. Luminaire A2 datasheet.

Parameter

Selected Value
(Luminaire A2)

Length

750 mm, 1500mm

Lifetime

> 70.000 h

Control Level

dimmable
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Communication Interface

DALI 4i

Light Distribution Curve

Lens – Narrow (L-N)

Luminous Flux

- Reprogrammable Flux 2000 lm – 7000
lm (750mm version)
- Reprogrammable Flux 4000 lm – 14000
lm (1500 mm version)

Light Colours

4.000 K

CRI

>80

Ingress Protection

IP 20

Colours

White

Individual Cover

Yes (750 mm version)
No (1500 mm version)

Exchangeable LEDM

Yes (Zhaga Book 21)

The Luminaire A2 is 1,5m length, the luminaire has a LED light engine that is reprogrammable
in luminous flux and has a colour temperature of 4000 K and colour rendering index > 80, the
LEDM is exchangeable according to Zhaga Book 21.
At the time of delivery to the partners, the light engines were programmed to a flux of 7.000 lm
(750 mm version) and 14.000 lm (1500 mm version), respectively. The luminaire reaches a
luminous efficacy of 178 lm/W.
From the inventory coming from the LCA study [D5.2, 2020], it can be seen the optimization of
materials use, when comparing the Repro-light luminaire (Luminaire A2) with the previous
luminaires. The savings of material in terms of percentage go from 17% up to 22% respect to
the mass benchmark luminaire which mass is 3976.4g.
Table 10. Categorization of the LED components and total mass for Repro-light luminaires - source [D5.2,
2020] page 34.

Category

Component

Luminaire A1 (g)

Luminaire A2 (g)

Wiring

Copper wires

42.80

42.80

LEDC
(LED
Control)

Circuit board
Capacitors,
Conductors, Varistor
Plastic housing for
ECG
Steel housing for
ECG

30.60
112.50
4.35
93.80

30.60
112.50
4.35
93.80
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Mechanics

LEDM
(LED
Module)

LEDM+C

Optics

Steel parts
Plastic parts
Gear tray
Trunking
Circuit board (2)
LED SMD (192)
Plugs
Circuit board
LED SMD (192)
Plugs
Capacitors,
Conductors, Varistor

164.00
27.07
758.00
1648.00
74.00
3.45
---

164.00
27.07
758.00
1648.00
74.00
3.45
4.50

---------

---------

Optical element

344.00

344.00

TOTAL

3302.57

3307.0

Luminaire A2 is studied considering exchangeable LEDC and LEDM components, the
replacement of an entire luminaire and the exchangeable parts (LEDC and LEDM).
Luminaire A2 needs plugs to have an exchangeable LEDM. The number of LED boards and
connectors depends on the design and length of the luminaire and LED printing circuit boards.
Table 11. Materials inventory for electro-mechanical connector (Zhaga book 21 connector) for Luminaire
A2, not present in the LCI analysis of [D5.2, 2020].

Component

Part

Main material

Housing

Polycarbonate
retardant PC-FR

Electromechanical
connector

Mass (g)
with

flame

Material 1: Cu alloy
Material 2: Surface tin plating

1.30
0.18
0.006

Two contacts

Material 3 Silver alloy

Clamp bracket

X10 Crni 18 8 Stainless steel

0.6

Total

2.250

(two contacts)

0.002
Material 4: X10 Crni 18 8
0.16
Stainless steel
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Environmental Metrics, LCA Hotspots & Usage Scenarios
Impact categories
The impact categories considered, in the LCA study [D5.2, 2020] are:
Global Warming Potential GWP
Primary Energy PE
Abiotic Resource Depletion ADP elements and ADP fossil
Acidification Potential AP
Eutrophication Potential EP
The impact categories are briefly described in the Table 12.
The Table 12 gives you an overview of the relevant impact categories have been used, which
unit they are measured in and what they describe. These are taken from the deliverable D5.2
[D5.2, 2020]. Other impact assessment methods exist as well, which use slightly different
categories.
Table 12. Impact categories from LCA study [D5.2, 2020].

Impact categories help to make actionable statements about how emissions influence the
environment. A Life Cycle Assessment study is a standardized method of calculating the
impact of, for example in our case, a product on the environment.
During the course of the LCA, a large amount of emission data is collected: emissions from
energy production, the waste produced, the raw material production, etc. These emissions
come in different shapes and formats, since the emissions from harvesting raw materials are
very different from the emissions from producing electricity.
Here is where impact categories come into place. During the Life Cycle Impact Assessment
(LCIA) of the LCA study, where we try to unite these different emissions into actionable
numbers. That means that they are converted into one unit that translates into one impact
category.
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However, to fully understand impact categories, we need to have a basic understanding of Life
Cycle Assessment study, how was conducted into the deliverable D5.2. This is out of the scope
of this deliverable. That’s why for a more detailed description of the LCA conducted on the
Repro-light luminaires we remand to the LCA study, fully described into the deliverable D5.2
[D5.2, 2020].

Design phase
Analysing the benchmark (Luminaire B), with the next generation product (mainly Luminaire
A1), an important reduction of total ADPe (50%) is observed. This reduction is due to the main
actions conducted in the Repro-light project, such as the use of less materials in mechanic
parts and optics.
Table 13 shows the ADPe distribution by components when the Luminaire A1 is compared
with the Luminaire B. Mechanics is reduced in 31% and optics 35% respect to the Luminaire
B. The material in Luminaire A1 also contributes to a lower EoL impact since the material
disposal (such as the electronic component waste in the Luminaire A1), is reduced.

Fig. 8. Benchmark (Luminaire B), vs. the next generation of Repro-light luminaires (Luminaire A2).

The important reduction in ADPe is attributed to the reduction of LEDM of LED board mass (5
boards in benchmark passing to 2 boards in the new luminaire) and the type of LED SMD used
in the Repro-light luminaires.
Table 13. ADP element distribution by components. Luminaire A1 (right) vs. Luminaire B (left) - source
[D5.2, 2020] page 46.

ADP elements
Luminaire A1

ADP elements
Luminaire B
0%

7%

5%

13%

20%
33%

LEDC

0%

LEDM
Mechanics

LEDM

10%

Mechanics

Optics

Optics

Wiring

Wiring

37%

75%
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For ADPe, the production for the Luminaire A1 contributes 59% of the overall result, the
remaining 41% coming from the use phase.
Similarly, for Luminaire B, the production of the luminaire contributes about 77% to the overall
result, the remaining 23% from the use phase. The EoL stage also is less than 0.1% in all
impact categories.
It is important to state that the only difference between Luminaire A1 and Luminaire A2, is that
the Luminaire A2, produced in the Repro-light project, has an exchangeable LEDM with plugs
fixed to it to be easily connected/disconnected by the customers.

Fig. 9. Plugs for the exchangeable LEDM + view of the new LEDM resized.

With this new characteristic, the Luminaires A2 presents two components that can be repaired
(LEDC and LEDM), while luminaire A1 features only an exchangeable LEDC.

Fig. 10. View on the plug for the exchangeable LEDM.
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Table 14. Reduction of ADPe burdens, Luminaire B (benchmark) vs. Luminaire A2.

Benchmark

Luminaire A2

An improved product design, as that provided into the Luminaire A2, has allowed to save
material, while keeping the performance high.
The Luminaire A2, the Repro-light demonstrator, has achieved 61% reduction of ADPe
burdens with respect to the Luminaire B, considered the benchmark product, see Table 14.
The main contributions to achieve this result was given by a reduction of LED module width
(see Fig. 8), and the use of flip-chip LEDs without gold bond wire.
The LEDM modelled in the Repro-light is a LEDM high-efficiency with lens which has a lower
proportion of gold used to build it, it was observed that the non-renewable elements have
higher contribution and it was noticed that gold is the main responsible of this fact - see [D5.2,
2020] page 47.
Table 15. Environmental impacts of LEDM parts for Luminaire A1 vs. Luminaire B - source [D5.2, 2020]
page 47.

Luminaire A1

Luminaire B

Impact
Category

Unit

LED Board

LED SMD

LED Board

LED SMD

ADPe

Kg Sb eq.

0.0731

6.608E-05

0.170

0.208

ADPf

MJ

12422.0

1901.2

30811.5

9114.3

AP

Kg SO₂ eq.

5.9

0.6

14.3

4.8
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EP

Kg PO₄ eq.

0.5

0.04

1.23

0.35

GWP

Kg CO₂ eq.

1229.5

157.5

3025.

782.2

PE

MJ

15703.6

3027.5

40398.5

11079.5

Production phase
The LCA studies performed for an industrial setting constituted by 369 luminaires revealed that
the production phase has an ADPe impact of 0.196 kg Sb eq. for the Luminaire A1, which
contributes around 59% of the overall result in this indicator category. The remaining 41%
comes from the use phase. Similarly, for the Luminaire B, the production of the luminaire
contributes about 77% to the overall result (0.508 kg Sb eq.), the remaining 23% is from the
use phase. The EoL stage also is less than 0.1% in all impact categories for both luminaires.
These results can be found in [D5.2, 2020] page 45, Fig. 18.
To understand the magnitude order of environmental impact of luminaires compared to other
electronics components, a comparative LCA (considering the production, use and end-of-life)
of these devices and lamps should be made in an additional study, using in the methodology
of the LCA, the same criteria, functional unit, system boundaries, time scale, etc.
This is out of the scope of the project, however, as an “indicative comparison”, the magnitude
order of the ADPe impact to produce one Luminaire A1 and Luminaire B with respect to other
electronic devices can be estimated. To do this, a scenario where these elements are located
in an educational space, such as an office, can be thought. These devises would be the
Luminaire A1 and the Luminaire B, a computer desktop (without screen), display (liquid crystal,
17 inches), computer laptop, router for internet connection, printer production (laser,
black/white), and a fluorescent lamp type 8.
The ADPe production results are shown in Fig. 11.

Fig. 11. ADPe for electronic devices vs. luminaires production. The inset shows a zoom for the
luminaires, fluorescent lamp and printer - source [D5.2, 2020].
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It is worth noting that the LCA models for the production phase of luminaires were developed
in the Repro-light project and they are used for the “indicative comparison” to the production
of the other electronic devices found in EcoInvent database.
The fluorescent lamp production is found in GaBi ts databases, where electronics + housing
parts, ECGs and large reflector made from coated aluminium, are not included.
It can be observed in that the Luminaires (A1 and B) and the fluorescent lamp have very low
impact compared to other devices (computer desktop, computer laptop and display), which
presumably have higher number of electronic components.
These components contain precious materials probably responsible for increase in the
materials resources’ consumption, hence affecting this indicator. Router for internet connection
also has quite less impact than the mentioned devices but still is higher than luminaires, while
the printer’s production impact is of the same magnitude as that of the Luminaire B.
The fluorescent lamp exhibits very low impact in this category indicator as it does not consume
a significant proportion of non-renewable elements and resources for its production, when
compared to other devices and luminaires studied in the Repro-light project.
To know the improvements achieved from an environmental point of view, the Luminaire A1
was compared to the Luminaire B in an industrial environment according to the LCA
methodology as used in [D5.2, 2020]. Fig. 11 can be used to substantiate such improvement
in the ADPe category (a reduction around 55%).
Other indicators related to the energy consumption, such as the GWP measured in tonnes
CO2 eq., were reduced by around 27%. For an easier understanding of the improvement in the
life cycle of the Repro-light luminaire, it can be said that 5250 kg CO2 eq. can be saved during
the lifetime of the luminaire.
This value represents around 42 trips by car from Barcelona to Madrid. With this result, we can
imagine the environmental benefit that will be brought by this new generation of luminaires to
the industrial settings and other spaces around Europe and rest of the world.

Installation and Use phases
The analysis has reported considerable energy savings comparing the benchmark luminaire,
with the Repro-light luminaire, with the Repro-light luminaire driven by an LMS.

Firstly, due to the improved efficacy - from 157 lm/W to 179 lm/W - from the benchmark to the
Repro-light demonstrator. Secondarily, by the use of a light management system (daylight &
presence control): approx. 30% of additional savings, with negligible extra materials see Table
16.
Discussion on usage scenarios it is still an open issue.
Optimal usage time of LEDs can result in longer lifetime, that also means less waste and
optimal material efficiency. While short usage times has discordant effects: more waste but
also better energy efficiency.
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Discussion is also still opened on the exchangeability of LEDMs, allowing at least two
exchangeability scenarios:
•
•

Exchangeability for repair.
Exchangeability for maintenance (replace LEDs more frequently by fresh ones to
restore luminous efficacy).

With no significant benefits found in both scenarios.
Table 16. Energy required in the use phase: benchmark vs. Repro-light demonstrator vs. Repro-light
demonstrator + LMS.

Discussion is also still opened on the exchangeability of LEDMs, allowing at least two
exchangeability scenarios as show in the Table 17.
Table 17. Repro-light scenarios presentation.

Name

Exchangeability
maintenance

Description

Scheduled replacement of Replacement
of
LEDM
LEDM
to
restore
the and/or
LEDC
for
an
luminaire’s energy efficiency unexpected failure within the
expected luminaire lifetime.
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Repro-light scenarios
The analysis conducted on the base of the two typologies of product, Luminaire A1 without
exchangeability and Luminaire A2 with connectors for LEDM exchangeability, has generated
two distinct scenarios in their use phase, one related the Exchangeability for repair and one
related the Exchangeability for maintenance of energy efficiency due by the LED's degradation.
How we’ll see following, the new design related to the rapid connectors for exchangeability of
which the Luminaire A2 has been updated, does not achieve the expected results in absolute
terms of widely measurable benefits, it does not have given any significant advantages during
the use phase among the two luminaires, the only difference found can be related to the end
of life phase, where the rapid connectors plays an important contribution for the LEDM's
disassembly.
For the Exchangeability scenario for maintenance of energy efficiency has been adopted the
Luminaire A2 (with exchangeability) with two different approach related the LEDM lifecycle
extension by the power overfeed, have both been tested with and without software Control of
the Light Output (CLO) for the best management of the energy efficiency.

Exchangeability for repair
The serviceability of the Luminaire A2 was studied in a lighting installation for an industrial hall
(see Table 18), considering exchangeable LEDM and/or LEDC components (scenario with
exchangeability). The luminaire was compared to a lighting system of Luminaire A1, in which
LEDC can be replaced whereas the LEDM is not serviceable (scenario without
exchangeability).
Table 18. Serviceability of the Luminaire A2, on-field study specifications.

Both scenarios show the same global environmental impact in all impact categories studied,
except in ADPe, where the scenario with exchangeability has showed a slightly higher
impact of 0.15%, as shown in Fig. 12.

Fig. 12. Material consumption (in production) scenario with non-exchangeable LEDM vs. exchangeable
LEDM, including the production of spare parts (left); details on the bars (right).

When the analysis is focused in the ADPe category, it was observed that the luminaire
production in the scenario with exchangeability is dominant. The spare part production is 31%
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lower than the scenario without exchangeability. This means that ADPe of the exchangeability
demonstrator (Luminaire A2) could be sensible to the design of plugs in terms of quantity and
type of material used for its production. Therefore, it is suggested extra efforts to improve the
design of plugs from environmental point of view in the Luminaire A2 to achieve a benefit in
the net ADPe impact category - source [D5.2, 2020] page 56. However, the stage of spare
parts has a very low contribution in the global life cycle of the luminaire providing very tiny
contribution, which doesn't help to the total result to bring acceptable benefits.
From the analysis conducted by examining 369 products over a period of six years of operation
the percentage of fails is around the 1% of which only the 7% traceable to the LEDM and the
73% traceable to the LEDC.
On the base of the previous considerations, keeping in assumption for this analysis an industry
area with 369 luminaires installed, in a period of operating of six years, only one luminaire fails
for a problem traceable to the LEDC or to the LEDM. These low percentages of failure
discourage the exchangeability approach, the new rapid connectors installed on the new
Luminaire A2 compared to the Luminaire A1, does not updated with this system, contributes
to increases only the materials consumption due for their production.
The consequence of this analysis leads us again to hypothesize two other possible options:
Design Option 1, a material optimized design with integrated LED module that cannot be
exchanged.
Design Option 2, a design with exchangeable LED module, accepting some extra materials
for LED module connectors.
The discussion is subjected to differences of very small quantities for ADPe. In the Option 2,
with exchangeable LED module, the burdens for the production of luminaires is slightly higher
(around 15%) than in the scenario with integrated LED module (Option 1).
Exchangeability of LEDM components does not always lead to environmental advantages, as
seen in this latter scenario, especially where there is a small number of expected luminaire
failures due to LEDM. According to the data available, the LEDM is not very prone to failure,
and the connectors to ensure exchangeability to the luminaires, in the scenario analysed,
exceed the savings reached by replacing only the LED module instead of a whole luminaire,
in the cases where the LEDM fails, only one - source [Ferreira et al., 2020].

Exchangeability for maintenance
We have two scenarios to consider when we approach to the new luminaire updated with the
new rapid connector for the exchangeability of the LEDMs of which we talked about above.
We highlight, basing on the D 5.2 and other considerations that emerged during the various
review meetings, pros and cons of this solution respect the previous version (Luminaire A1)
assembled without the connector and consequently without the possibility of the LEDM
exchangeability.
Two scenarios to restore energy efficiency due the LED degradation is related to the possibility
to exchange LEDM on the base of different considerations analyzed keeping in consideration
the LCA impact and the real advantage respect the Luminaire without exchangeability system.
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Luminaires and consequently the LEDM could be used longer than today if it were not for the
energy efficiency of the product in relation to the luminous flux, LEDM.
Energy management Strategy 1, the LEDMs tend to degrade over time, partly losing
efficiency in terms of the amount of luminous flux emitted, in order to extend the duration an
easily feasible hypothesis could be to overfeed the module so as to maintain a high flux value
even under degradation.
Energy management Strategy 2, another way could be to adopt the CLO technology
(constant light output), i.e. to use a software control that act on the driver to control the output
of the electric current according to the progressive deterioration of the LEDM and the luminous
flux to ensure it is constant over time until the relation between operating thermal parameters
and efficiency in term of luminous flux and current consumption.
Also in this case, adopting the CLO technology the result is not so different respect the scenario
without the CLO technology, the maintenance factor (MF) remains very close to the previous
but with the advantage that the control of the current can be done by a software avoiding to
add any other component that would goes increase the materials consumption.
Electricity mix study

It was also observed that the use of a mixing of electricity sources, similarly to what observed
in Sweden (see Table 19), with higher contribution from renewable energy sources, brings
important impact reduction in the ADPf, AP, EP and GWP categories.
Table 19. Mixing of electricity sources in Sweden (2015) - source GaBi datasets, see [D5.2, 2020]
Appendix C.

However, this electricity mix is not free of other types of non-renewable energy sources, such
as the nuclear energy (Uranium) besides the use of non-renewable elements, which contribute
directly on the ADPe and PE categories - [D5.2, 2020] page 55.

D 5.3 Product and Process Eco-Design Guidelines

34 of 72

REPRO-LIGHT

End-of-Life phase
The European regulation regarding the EoL treatment of electronic waste considers the
collection and material recovery of almost all luminaire types.
The LED luminaire consists of different components made of steel and plastic parts, and
electronics, such as the circuit board and LED boards.
According to the WEEE European directive (2002/96/EC), each Member State is responsible
for a correct electric and electronic correct waste management, with the aim of collecting it
separately from the rest of the waste in order to recover as much materials as possible and
enable a proper disposal of the possible hazardous elements.
However, little can be said for the LED EoL treatment since they are currently treated as
generic electronic material, thus a specific treatment method has not yet been defined.
The recycling indications from the LCA study are considered in the Table 20.
Table 20. Three EoL scenarios for Repro-light luminaire - source [D5.2, 2020] page 19.

Material

Net
mass Net
mass Scenario
(g)
(g)
(mixed
Luminaire A Luminaire B case)

ABS

91.9

91.9

Incineration
(60%)
Landfill
(40%)

Incineration

Landfill

PMMA

531.3

531.3

Incineration
(60%)
Landfill
(40%)

Incineration

Landfill

Steel

1682

2646

Recycling
(60%)
Landfill
(40%)

Recycling

Landfill

Aluminium

1170

0

Recycling
(60%)
Landfill
(40%)

Recycling

Landfill

Electrical
waste
(WEEE)

394.5

394.5

Recycling
(40%)
Incineration
(60%)

Recycling

Incineration

Copper Wire

42.8

42.8

Recycling
(40%)
Incineration
(60%)

Recycling

Incineration
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Other Plastics 7.29
(PP, PET)

7.29

TOTAL NET 3919.8
MASS (g)

3713.8

Recycling
(60%)
Incineration
(30%)
Landfill
(10%)

Recycling

Landfill

Three alternative scenarios were addressed: mixed case, best practice and worst case, the
higher impact (around 227%) followed of the mixed scenario (188%) respect the worst case is
attributed to the impact for incineration of PMMA and ABS because of the generation CO2
emissions during this treatment process.
The best practice scenario exhibits lower impact in ADP elements, PED, ADP Fossil, AP and
EP compared to worst and mixed case scenarios, in view of the said above new strategies and
designs of luminaires would help the consumer to dispose the product correctly, which would
position the best practice scenario the most likely case - source [D5.2, 2020] page 25.

Additional Eco-Design notes
Successful steps towards sustainability can be achieved improving the product design,
specifically:
•
•
•

Reduce (precious) materials in LEDMs, using LEDs without gold.
Increasing the efficiency, allowing upgradability of the product to the newer and more
efficient lighting sources.
Implementing light management systems for additional energy savings, or alternatively,
implementing a constant light output (CLO) technology.

Future luminaire design (source Lighting Europe) - expected to deal with a product with
typical usage time of 20-25 years - has the great challenge to provide standardised interfaces
with:
• Mechanical characteristics.
• Electrical characteristics.
• Thermal characteristics.
• Photometrical characteristics.
• Connectivity (control, data), components.
• Visual appearance (design similarity).
To be defined per luminaire type:
• Recessed downlight.
• Pendant luminaire.
• Wall-mounted luminaire.
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With all components that should have corresponding lifetime, so that no exchange of
components should be necessary within the lifetime of the product.
Leaving for experts or by means of the producers, the possibility to:
• Repairability in case of failure (extended warranty).
• Reusability in other applications.
• Disassembly for disposal/recycling.
Leading to commodity products with:
•
•

Design standardized to ensure long availability of matching products.
Long-term-availability product series, built in a modular fashion (internal modularity),
keeping external compatibility (interface, design) with previous versions - the downlight,
the continuous line, the panel luminaire - instead of different designs.
Electromechanical
compatibility, but
face of the
luminaire different
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Eco-Design European Regulations
Recent examples are the Directives on Waste of Electrical and Electronic Equipment (WEEE),
or the Restriction of Hazardous Substances (RoHS), and Chemicals (REACH), or the Energy
using Product (EuP) Directive of the European Union.
Table 21. Current EU regulations impacting Eco-Design.

CURRENT EUROPEAN REGULATIONS
EDR

- Eco-Design Requirements for Light sources and separate control gears
COMMISSION REGULATION (EU) 2019/2020 of 1 October 2019

RHS

- RoHS Restriction of (the use of certain) Hazardous Substances
Directive and Lighting Equipment

RCH

- REACH directive 1907/2006 is the EU flagship regulation on chemicals. It is
based on key EU democratic and environmental principles that need to be
implemented in order to ensure that human health and the environment are
protected against the risks posed by hazardous chemicals

W

- WEEE Waste Electrical and Electronic Equipment

Eco-Design requirements
Lighting products should comply to the European Eco-Design requirements that are formulated
in the three directives: (EC) No 244/2009; (EC) No 245/2009; and (EU) No 1194/2012.
All three will in place by September 1st 2021, to be compliant with the above-mentioned EcoDesign regulation (EU) No 2019/2020 - known as, Single Lighting Regulation (SLR).
The previously known terms of lamps and luminaires will be replaced by light sources and
containing products. With the updated standards, the European Commission is trying to
motivate the manufacturers to commit themselves to a more circular economy approach where
the lamps could be replaced and the housing reused and, in case of recycling, easily
disassembled. With the new standards, a luminaire with a nonreplaceable LED-module
becomes a “light source” with all the consequences being formulated in the regulations.
In general, all LED-based containing products will have to adhere to certain removability and
replaceability requirements, unless a technical justification is provided. This technical
justification needs to be part of the documentation, otherwise selling the product in Europe will
be prohibited1.

1

Source: Hans Laschefski, Industry Marketing Manager, Lighting EMEA.
“Eco-Design Requirements for light sources and separate control gear (EU) 2019/2020”. Available at:
https://www.ul.com/news/european-single-lighting-regulation
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In order to achieve the energy-saving goals, the requirements for light sources and the
necessary operating devices (control gear) go into a new round: from September 1st 2021,
more lamp types will no longer be able to meet the minimum efficiency limit values and are
therefore virtually banned from the European market: They may no longer bear the CE mark
and therefore marketed by the manufacturer.

Above all, the process will be simplified: there is only one formula for all light sources.
The differentiation is realized via light-source-specific correction factors (C, L, F, η and R),
which can be established from tables.
Separate operational gear devices will be not entitled to carry the CE-marking any more,
when their minimal energetic efficiency (at full load) cannot reach the required values quoted
in the related Eco-Design regulation, or their energy consumption during stand-by-operation
(idle/stand-by) comes to more than 0.5 W2.
The following considerations also applies: lamps from previous production intervals with the
CE mark - that is, stocks still in the warehouses - may be sold off and, of course, also used.
However, it is worthwhile to think about energy-saving alternatives in most areas of application
- not only to save energy effectively, but also from a lighting point of view.
Further, information requirements are of course also to be fulfilled: some technical data must
already be provided on the light source, this and many others on the packaging and for
operating devices, in some cases just on a freely accessible website.
All lamps and lights with fully integrated (i.e. non-interchangeable) components are light
sources and therefore within the scope. Containing products, generally speaking, luminaires
for interchangeable light sources, are not affected.

RoHS

The abbreviation RoHS stands for “Restriction of (the use of certain) Hazardous Substances”
and is first of all a European Community Directive in force. It defines restrictions on the use of
certain hazardous substances in electrical and electronic equipment and supporting the

Source: Radium. “Single Lighting Regulation - the ‘One for All’ Directive for Light”. Available at:
https://www.radium.de/en/background/eu-guidelines-light-and-luminaires/single-lighting-regulation
2
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adequate treatment of WEEE by restricting the use of certain hazardous substances in
electrical and electronic equipment (EEE) placed on the EU market.
Compliance with the RoHS Directive is a very ambitious project and a real challenge for the
electrical and electronic industry. The original aim was to completely eliminate hazardous
substances from products. It was later realized that this aim could not be achieved, as it proved
impossible to do without these substances completely in some areas. That is why agreement
was reached on clearly defined limit values.
Technical documentation shall, wherever applicable, include a general description of the
product, a bill of materials, examinations carried out (e.g. materials assessments, declarations
from suppliers, etc.), and test reports. Technical documentation of internal production controls
shall specify requirements for product design and manufacture, enable assessment of RoHS
conformity for the product, and include conformity Risk Assessment.
The RoHS 1 directive already banned the use of six substances over 0.1% of concentration.
They were the following:
•
•
•
•
•
•

Mercury.
Lead.
Polybromminated biphenyl (PBB).
Hexavalent chromium.
Polybrominated biphenyl ethers (PBDE).
Cadmium (limit of concentration of 0.01%).

RoHS 23 adds up four newly banned substances to this already existing list. Their use is limited
to a concentration of 0.1%. They are:
•
•
•
•

Bis(2-ethylhexyl) phtalate (DEHP).
Butyl benzyl phtalate (BBP).
Dibutyl phtalate (DBP).
Diisobutyl phtalate (DIBP).

RoHS identifies nine categories of products affected by the (UE) 2017/2102 directive. Here is
the list:
•
•
•
•
•

Large and small household appliances.
IT and telecommunications.
Consumer equipment.
Electrical and electronics tools.
Lighting equipment.

Source: Ecomundo. “New substances included in RoHS 2”. Available at:
https://www.ecomundo.eu/en/blog/european-commission-update-rohs2-directive
3
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•
•
•

Toys, leisure and sport equipment.
Medical devices.
Monitoring and control instruments.

Automatic dispensers on January 2017, a proposal of modification of RoHS 2 was submitted
to the European Commission so as to solve some difficulties:
•
•

First, the Commission proposes that the resale of EEE be exempt of restrictions after
the expiration date of the RoHS directive, on July 2019.
Then, the Commission also tackled the issue of spare parts. It appears that said parts
are no longer submitted to the obligation of conformity established by RoHS 2.

REACH

Registration: Chemical producers are required to register safety data for all chemicals
produced.
Evaluation: Experts from member states and the European Agency evaluate safety data for
higher volume chemicals and other chemicals of concern.
Authorization: Chemicals that are of “very high concern” are to be phased out and replaced
with safer alternative chemicals.
Restriction of Chemicals: Chemicals may be completely banned, or some uses of the
chemicals can be restricted.
This is a European Union regulation. The sole purpose of REACH is to address the
production and use of chemical substances, and their potential impacts on both human health
and the environment. REACH requires all companies manufacturing or importing chemical
substances into the European Union in quantities of one tonne or more per year to register
these substances with European Chemical Agency (ECHA).
Manufacturers, importers and their customers are required to communicate information
on chemicals throughout the supply chain in order to be aware of information relating
to health and safety of the products supplied.
Some of the chemicals that are of “very high concern” include:
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▪
▪
▪
▪

Carcinogens.
Mutagens.
Reproduction toxins.
Persistent, bio-accumulative, and toxic chemicals.

Therefore, the main difference between RoHS and REACH is that RoHS bans substances that
are present in electrical equipment that is within the directive. REACH, however, pertains to all
chemicals including those used to make a product. This can include materials, solvents, paints,
chemicals, and more.

Waste Electrical and Electronic Equipment (WEEE)

Electrical and electronic waste is a growing problem as volumes are increasing fast. Rapid
product innovation and replacement, especially in information and communication
technologies (ICT), combined with the migration from analogic to digital technologies and to
flat-screen televisions and monitors has resulted in some electronic products quickly reaching
the end of their life.
The EU directive on waste electrical and electronic equipment (WEEE) aims to minimise
WEEE by putting organizational and financial responsibility on producers and distributors for
collection, treatment, recycling, and recovery of WEEE.
Therefore, all stakeholders need to be well-informed about their WEEE responsibilities and
options.
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Key Points for Eco-Design: Requirements, Obligations,
Categories & Checklists
Eco-Design requirements
Table 22. Eco-Design Requirements.

Regulation

LCP

Key Point

Eco-Design Requirements (EDR)

Design

-1. Energy efficiency requirements:
From 1st September 2021, the declared
power consumption of a light source Pon
shall not exceed the maximum allowed
power Ponmax:
Ponmax = C × (L + Φuse/(F × η)) × R.
From 1st September 2021, the values for
the
minimum
energy
efficiency
requirements of a separate control gear
operating at full load shall apply.
-2. Functional requirements:
From 1 September 2021, the functional
requirements specified in Table 4 of the
regulation shall apply for light sources.
-3. Information requirements:
From 1 September 2021 the following
information requirements shall apply.
(a) Information to be displayed on the
light source itself
For all light sources, except CTLS, LFL,
CFLni, other FL, and HID, the value and
physical unit of the useful luminous flux
(lm) and correlated colour temperature
(K) shall be displayed in a legible font on
the surface if, after the inclusion of
safety-related information, there is
sufficient space available for it without
unduly obstructing the light emission.
-For directional light sources, the beam
angle (°) shall also be indicated. If there
is room for only two values, the useful
luminous flux and the correlated colour
temperature shall be displayed.
-If there is room for only one value, the
useful luminous flux shall be displayed.
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RoHS obligations
Table 23. RoHS Obligations.

Regulation
RoHS
Directive
Products (RHS)

LCP
for

Key Point

Lighting Design

Directive for the restriction of the use of
certain hazardous substances in
electrical and electronic equipment.
Prevention objective: supporting the
adequate treatment of WEEE by
restricting the use of certain hazardous
substances in electrical and electronic
equipment (EEE) placed on the EU
market.

-1. When placing EEE on the market,
manufacturers ensure that it has been
designed
and
manufactured
in
accordance with article 4 (i.e. not
contain the restricted substances no
more than the allowed maximum
concentration value by weight in
homogenous materials).
-2. Draw up the required technical
documentation and carry out the internal
production control procedure in line with
module A of Annex II to Decision No
768/2008/EC or have it carried out.
-3. Where compliance of EEE with the
applicable requirements has been
demonstrated
(see
above),
manufacturers draw up an EU
declaration of conformity and affix the
CE marking on the finished product.
Where other applicable Union legislation
requires the application of conformity
assessment procedure which is at least
as stringent, compliance with the
restricted substance requirements may
be demonstrated within the context of
that procedure. A single technical
documentation may be drawn up.
-4. Keep the technical documentation
and the EU declaration of conformity for
10 years after the EEE has been placed
on the market.
-5. Ensure procedures are in place for
series production to remain in
conformity. Changes in product design
or characteristics and changes in the
harmonised standards or in technical
specifications by reference to which
conformity of EEE is declared shall be
adequately considered.
-6. Keep a register of nonconforming
EEE and product recalls, and keep
distributors informed thereof.
-7. Ensure that their EEE bears a type,
batch or serial number or other element
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allowing its identification, or, where the
size or nature of the EEE does not allow
it, that the required information is
provided on the packaging or in a
document accompanying the EEE.
-8. Indicate their name, registered trade
name or registered trademark and the
address at which they can be contacted
on the EEE or, where that is not
possible, on its packaging or in a
document accompanying the EEE. The
address must indicate a single point at
which the manufacturer can be
contacted. Where other applicable
Union legislation contains provisions for
the affixing of the manufacturer’s name
and address which are at least as
stringent, this provision shall apply.
-9. Manufacturers who consider or have
reason to believe that EEE which they
have placed on the market is not in
conformity with the RoHS Directive
immediately take the necessary
corrective measures to bring the EEE
into conformity, to withdraw it or recall it,
if appropriate , and immediately inform
the competent national authorities of the
Member States in which they made EEE
available to that effect, giving details, in
particular to the noncompliance and of
any corrective measures taken.
-10. Manufacturers, further to a
reasoned request from a competent
national authority, provide it with all the
information
and
documentation
necessary
to
demonstrate
the
conformity of the EEE with the RoHS
Directive, in a language which can be
easily understood by that authority, and
that they cooperate with that authority,
and its request, on any action taken to
ensure compliance with the ROHS
Directive of EEE which they have placed
on the market.
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WEEE categories
Table 24. Categories of EEE covered by the WEEE directive.

Regulation
LCP
- WEEE Waste Electrical and EoL
Electronic Equipment
DIRECTIVE 2012/19/EU OF THE
EUROPEAN PARLIAMENT AND OF
THE COUNCIL of 4 July 2012 on
waste
electrical
and
electronic
equipment (WEEE).
Four are the purposes of this
document:
-Prevent the production of WEEE.
-Promote the reuse, recycling, or other
forms of recovery of WEEE to limit its
disposal.
-Improve
the
environmental
performance of all actors involved in
the lifecycle of such electrical and
electronic equipment.
-Reduce the use of hazardous
substances in electrical and electronic
equipment.

Key Point
CATEGORIES OF EEE COVERED BY
THIS DIRECTIVE
- Category 2:
Small household appliances
Light switches
Dimmers
Plugs
Sockets
Adaptors
Mirrors with integrated lighting and other
electrical functions
Torches
Bike lights
- Category 3:
IT & telecommunications equipment
Wireless adaptor for connected lighting
products
- Category 5:
Lighting equipment
Chandeliers
Pendant fittings
Wall lights
Table lamps
Floor lamps
Spotlights
Batten fittings
Corridor and bulkhead fittings
Flood lights with or without motion
sensor
Decorative lighting chains
Ceiling rose supplied with flex and lamp
socket Luminaires with wireless
connectivity
Street lighting
600x600 panels
Low/high bay luminaires
- Category 9:
Monitoring & control equipment
Lighting control equipment
- Category 13:
Lamps
Gas discharge lamps
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LED lamps
LED tape/strips supplied for an end user
LED module – supplied to an end-user
to maintain or upgrade
Lamps with a standard lighting
connection and a built-in security
camera or speaker
Lamps with wireless connectivity

WEEE/RoHS checklist
This checklist (addressing WEEE/RoHS directives) has been drafted to show how create an
assessment tool, to check is a product complies with the WEEE and RoHS directives. It is a
checklist based on a 4x4 matrix. In the Y axis there are questions or issues about four areas:
General (is the type of product or end application covered by the WEEE and RoHS
Directives?), RoHS directive, and WEEE directive. In the X axis there are four possible
answers to the questions/issues raised: Yes, No, N/A (not applicable), and comments.
Table 25. WEEE/RoHS directives checklist.

General questions/issues
Y N
1.Is the product or and application covered by the WEEE and RoHS Directives?
X
a) Product and/or use of components/sub-assemblies which falls under one of the
following applications and are not rated greater than 1000V ac or 1500V dc.
- Large household appliances
- Small household appliances
- IT equipment
- Telecommunication
- Consumer equipment
- Lighting equipment
X
- Electrical and electronics tools
- Toys, leisure and sports equipment
- Medical devices (except implanted and infected products)
- Monitoring and control instruments
- Automatic dispenser
b) Does the product contain, or potentially contains the following materials (not
exempted under the RoHS Annex)?
- Lead
- Mercury
- Hexavalent Chromium
- Cadmium
X
- PCBs
- Polybrominated biphenyls (PBB)
- Polybrominated biphenyls ether (PBDE)
- Radioactive substances
- Asbestos
c)Do plastic parts weight more than 25 grams?
X
- (require materials coding)
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d) If the product can fall into the class of separately collected, does the product contain
any of the following listed in Annex II of WEEE, which will be required to be removed
from the product at end of life for separate treatment?
- Fluids
- Polybrominated biphenyls (PCB) containing capacitors
- Mercury containing components, such as switches or backlighting lamps
- Batteries
- Printed circuit board
- Plastic containing brominated flame retardants
X
- Asbestos waste
- Cathode ray tubes
- Chlorofluorocarbons (CFC), Hydrochlorofluorocarbons (HCFC), or
Hydrofluorocarbons (HFC), Hydrocarbons (HC)
- Gas discharge lamps
- Liquid crystal displays (together with their casing where appropriate) of a surface
greater than 100cm2 and all those back-lighted with gas discharge lamps
- External electric cables
- Components containing refractory ceramic fibres as described in Commission
Directive 97/69 EC of 5th December 1997
- Components containing radioactive substances
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Design Analysis - Disassembling the Product
We consider continuous line luminaires that are commonly applied in industry, shop/retail,
office and education. The data have been collected in tables describing the material of which
they are composed and their weight in grams.
Luminaire A2 (Exchangeability Demonstrator) is the same as the Luminaire A1, except the use
of plug-and-play-connectors for exchangeable LEDMs.
To make the LED module compatible with the connector, some modifications were necessary.
Due to the construction of the connector, the PCB of the LED module had to be two-sided
(copper layer on top and bottom) - see [D5.2, 2020].

Luminaire A2: example of a modular lighting system

Fig. 13. Repro-light demonstrator, new E-Line Exchangeable = Luminaire A2: gear tray and trucking
blocks.
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Table 26. Cable clamp block.

CABLE CLAMP BLOCK

N°

Description

Quantity

1

Screws

N° 2

Pictures

Weight (gr)

Material

2grx2 = 4 gr

Stainless steel

M4 X16

Polyamide
2

Cable clamp

N° 2

1grx2 = 2 gr

(PA)

fastening plate

N° 1

8 gr

Steel

Anti-unscrewing

N° 2

Cable clamp
3

4

rosette

Screws
5

Stainless steel
0,25grx2=0
,5 gr

N° 2

1grx1 = 2 gr

M4 X5
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Table 27. Wiring plug block for trunking.

WIRING PLUG BLOCK FOR TRUNKING

N°

Description

Quantity

Pictures

Weight
(gr)

Connector block
1

Material

Polyamide

with integrated clips for
fast
assembly
on
trunking

N° 1

25 gr

(PA)

Polyamide
2

Connectors

3grx4=12
gr

N° 4

(PA)

Polyamide
3

4

5

Plug

Electrical cable
insulating coating

Cable gland

N° 1

with

15 gr

N° --29 gr

N° 1
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Table 28. Terminal block.

TERMINAL BLOCK

N°

Description

Quantity

Pictures

Terminal
block shell

1

Three-pin
terminal
Block

Electrical
contacts

Material

Polyamide
5 gr

(PA)

2 gr

Copper (Cu)
with a tin
plated
surface

N° 1

Electrical
contacts

2

Weight
(gr)

1 gr

CrNi
steel
X10 CrNi 18
8

N° 1

0,25 gr

Copper

fastening plate

N° 1

8 gr

Steel

Anti-unscrewing

N° 2

Plate for neutral connection

Cable clamp
3

4

rosette

Screws
5

0,25grx2=0
,5 gr

N° 2

1grx1 = 2
gr

M4 X5
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Table 29. Trunking + caps.

TRUNKING + CAPS

N°

Description

Quantity

Pictures

Weight
(gr)

5

Trunking

N° 1

1350 gr

7

Luminaire caps

N° 2

9grx2
18 gr
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Table 30. Driver block.

DRIVER BLOCK
N°

Description

Quantity

Pictures

Weight
(gr)

Steel housing
for ECG

Steel

Printed wiring
board

Circuit board
Driver

1

Capacitors,
Conductors,
Varistor

Material

N° 1

180 gr

Plastic housing
for ECG

PET

2

Driver bracket support
with cable gland

N° 1

8 gr

3

metal plate (fixed by the
bracket (No 2))

N° 1

112 gr
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Table 31. Safety catches.

SAFETY CATCHES

N°

Description

Quantity

1

Closing latches

N° 4

Pictures

Weight (gr)

Material

0,5grx4
2gr

Polyethylene

=

(PET)

2

Metal plate

N° 4

5grx4=
20gr

Stainless steel

3

Spring metal plate

N° 2

9grx2=
18gr

Stainless Steel
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Table 32. Wiring plug block for gear tray.

WIRING PLUG BLOCK FOR GEAR TRAY

N°

1

Description

Quantity

Plug block for rapid
connection
between
trunking and gear tray

Pictures

N° 1

Weight
(gr)

Material

10 gr

Polyamide
(PA)

2

3

Metal plate

Electrical cable
insulating coating

N° 1

with

5 gr

N° -
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Table 33. LED, optics and housing.

LED, OPTICS and HOUSING

N°

Description

Quantity

Pictures

Weight (gr)

Copper, Gold,
Lead

N° (96
1

LED M

Material

X2) = 192
32grx2= 64 gr

2

PCB

Printed wiring
board

N° 2

PMMA
3

Optical element

N° 2

172grx2= 244
gr

760 gr
4

Gear Tray

N° 1

Plastic
stand

Electrical
contacts

5

STEEL +
Organic
Coated

Quick
electric
plug for
LED
module

N° 1x2=4

N° 2x2=4

Polyamide
(PA)
4gr x 2 = 8 gr

Electrical
contacts

Fast LEDM
fixing
bracket

N° 2x2=4

N° 1x2=2
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6

Electrical
cable
insulating coating

with

N° ---

10 gr

Copper +
insulating
resins

Polyamide
7

Cable clamp

N° 1

1 gr

8

Metal Plate

N° 2

5grx2= 10 gr
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Eco-Design Assessment of Repro-light Demonstrator
Eco-Design strategy of Repro-light demonstrator
All lifecycle stages were included in the LCA study to identify issues and opportunities to
improve the environmental performance Repro-light LED lighting product presented and
analysed above. The Eco-Design process of the linear LED luminaire (A2 Luminaire) was
carried out by integrating the reflections in accordance with the product design method and the
validity of the design was confirmed by comparing the environmental performance of the new
product with those of previous products using comparative LCA, in a similar way of the scheme
presented into the Fig. 14.

Fig. 14. Use of comparative LCA to improve a lighting product - source [Wang et al., 2020].

Taking the assessment results and reflections into account, product design specifications
(PDS) for the new Repro-light LED lighting product were devised in accordance with standard
PDS requirements of the EU regulations in terms of Eco-Design.
To ensure that this analysis is not of excessive length, we (check)list only the key
characteristics defined in the PDS below:
•
•
•
•
•
•
•

Low energy consumption during the manufacturing stage (easy to manufacture).
Prolong the lifespan by enabling repairability.
Modular design.
Easy to assemble/disassemble and easy maintenance.
Made from low-impact materials.
Refine the dimensions of the product to reduce weight.
High recyclability at end-of-life.

The proposed Eco-Design principle was embodied in the new product through the use of a
modular housing made entirely of bend sheet. The electrics (including the LEDs and the driver)
used, are designed to be compliant with RoHS. A dimmable feature with driver circuit control
is also included. The sustainability of the Repro-light LED lighting product, is addressed
through the following main characteristics

D 5.3 Product and Process Eco-Design Guidelines

59 of 72

REPRO-LIGHT

High-availability materials

The default material used in the design is steel. The chosen materials are all standard materials
that are readily available and easy to recycle with the plastic parts exception that can't be
recycled.
Modular structure

The goal of Eco-Design is to achieve a simple structure that uses relatively few materials. The
external structure of the luminaire is constructed from two metallic pieces a trunk and a gear
tray on which are mounted two LEDMs of resize dimension. These pieces have been joined
each other with elastic system act by metallic springs improving the easy of its assembly and
its disassembly without to use any specific tools. The only plastic pieces used are two optics
in PMMA fixed by snap and two cups in ABS to cover the ends of the trunk. The modular
structure of the luminaire also makes it easy to assemble/disassemble the LEDMs in case of
replacing and to access the inner parts of the lamp when repairs are needed or for
maintenance purposes.
Easy to manufacture

The main pieces used in the lamp are all made from metal parts realized by bent sheet. No
joint members are required like screws or adhesives, reducing the complexity of the luminaire
as well as the energy consumption during manufacture.
High recyclability/reusability

The whole lamp is made from just few materials easy to recycle and to separate without any
weld for electronic component or wiring, although the luminaire needs to be disassembled
before passing through the WEEE procedure during its EoL stage to be recycled.

Eco-Design assessment of Repro-light demonstrator
On the basis of the analysis of the product called Luminaire A2, aimed at the detailed study of
all the electrical/electronic and mechanical components that make it up, having determined for
each one the weight in grams and the relative material of which it is made up (see section
“Design Analysis - Disassembling the Product”, pg. 50), we can define a checklist on the basis
of the Eco-Design specifications that emerged from the LCA evaluation, the general lines of
Eco-Design and the recent European regulations regarding Eco-Design.
Table 34. Improvements made into the Repro-light demonstrator (Luminaire A2) vs. the benchmark
(Luminaire B).

Improvements made into the Repro-light demonstrator (Luminaire A2) vs. the
benchmark (Luminaire B)
- Use fewer components

- The number of led modules has been reduced for
each luminaire compared to the previous one.

- Increase product lifespan

- Technologies as CLO (Control Lighting Output) can
help us to extend lifespan, for example the reduction
of light emission in a luminaire during operation is

D 5.3 Product and Process Eco-Design Guidelines

60 of 72

REPRO-LIGHT

mainly caused by the deterioration of the light source,
often due to an incorrect thermal balance among
LEDM and the heat sink. To extend lifespan of the
product technology comes to our aid giving the
possibility to control the lighting flux by the software
that acts on the driver adjusting the current on the
base of the LED degradation. This technologies
approach allow us to use the luminaire over time
respect the other without CLO control.
- Apply modular design

- The new design makes the luminaire completely
modular not only in terms of installation but also in
terms of use (customization) through the easy
interchangeability of the optics and the gear tray and
assembly, maintenance and disassembly through the
adoption of components.

- Product easy to repair

- The new luminaire does not use screws or glues but
only elastic fastening systems or button-operated
systems, this allows an agile intervention by
specialized personnel for possible maintenance
inspections or replacement of electronic components.

- Product easy to upgrade

- The product is easily upgradable by specialized
personnel through the rapid removal of the tray or
through the replacement of the optics, LEDC or LEDM
through the new quick connectors that eliminates the
use of any screws, adhesives, or soldering. Upgrades
in luminous flux can be achieved by re-programming
the luminaire.

- Durable product

- The product is extremely durable, the materials of
which it is made guarantee a longer life than
electronic components such as LEDM and LEDC
which are subject to rapid technological ageing.

- Easy access to components
for repair

- The new luminaire does not use screws or glues but
only elastic fastening systems or button-operated
systems, this allows an agile intervention by
specialized personnel for possible maintenance
inspections or replacement of electronic components.

- Avoid materials that consume
a lot of energy to be extracted
and processed

- With the redesign of the new PCB we tried to work
towards a miniaturization of the board as well as a
reduction in the use of precious metals such as gold.

- Improve the energy-efficiency
of the product

- There are already presence and brightness sensors
that help to optimize the intelligent use of the
luminaire according to actual use.

- Design and implement
systems that facilitate products
and components recovery for
re-use/remanufacturing/recycling

- All components are easily disassembled without the
use of any tools, most components are made of
aluminium, copper or steel so totally recyclable, many
steel fasteners could be easily reused for the
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production of a new product as well as most plastic
components such as electrical connectors.
- Product easy/fast to be
disassembled

- The luminaire can be easily disassembled even by
untrained personnel, no specific tools are needed, a
disassembly guide to be supplied together with the
product would be useful for a more conscious
management of the product at the end of its life.

- Avoid the use of (special)
tools for disassembling

- The gear tray can be unmounted from the trunking
quickly and without any tools. A dismantling of the
components requires few standard tools (tool-less
disassembly is not allowed according to electrical
safety standard).

- Avoid non-detachable joints
(welded or glued joints)

- The luminaire does not have any welded or glued
elements, nor does it have the use of any screws
even inside the electrical connectors.

- Enhance the use of snap-fit
joints

- The luminaire adopts only snap-fit joints.

- Select low environmental
impact materials and
manufacturing processes

- The luminaire is almost completely recyclable, with
the exception of some plastic components such as
PMMA optics currently not replaceable with other
more sustainable materials and most PA electrical
connectors for which the return to ceramic connectors
could be considered with the aim of minimizing the
use of plastic and having an increasingly plastic free
product.

- Avoid the use of PVC

- The luminaire has no PVC components.

- Optimise use of material

- The new product design has moved towards a
considerable reduction in materials, especially
materials that have a greater impact in terms of
energy for their extraction and recycling.

- Specify Zhaga components

- The use of Zhaga specifications can provide benefits
such as the ability to keep pace with rapid LED
technology evolution, flexibility to respond to customer
market requirements, and improved supply-chain
management.

- Allow light control
(intensity/direction): use
dimmers and directional lights

- The new product already makes use of a dimming
control system.

- Use energy-efficient drivers
and light sources

- The use of highly efficient control gears, LEDs and
optical systems allows an unprecedented system
efficacy of 178 lm/W. The optics have an efficiency of
up to 90%.

- Reduce the number of joints

- Compared to the old product, the new luminaire
features a new LEDM that has significantly reduced
the number of joints between LEDM and gear tray
through the elimination of metal fastening tabs due to
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deformation and through the total elimination of any
soldering through the use of quick connectors.
- Avoid PCB with welded
components

- The new PCB is connected by means of quick
connectors that allow its quick assembly and
disassembly.

- Specify drivers with short and
open circuit protection

- One method for driving high-brightness LEDs is to
modify the standard boost-converter topology to drive
a constant current through the load, if an LED shorts,
the boost regulator reduces its output voltage, and the
duty cycle of the brightness control signal is
automatically increased.

- Specify drivers with overload
and over voltage protection

- If the voltages increase above a certain tolerance
value on the single lines, the LED driver automatically
switches off. In the case of a short-circuit, this feature
prevents damage to the core components of the LED
driver. The driver will not be damaged and protects
itself.

- Avoid manufacturing
processes that consumes a lot
of energy

- For the manufacturing process of the new Luminaire
a new automation line was conceptualised to optimise
the consumption of the energy and the product
quality, reducing defects and downtimes of a manually
production.

- Avoid the use of finishes in
materials

- Powder coating replaced with organic water painting.

- Reduce the weight and
volume of the product and
packaging

- There has been a reduction in overall weight but not
such as to significantly affect the overall balance in
terms of LCA.

- Specify reliable components
from well-known suppliers

- The new product uses only components that are
certified and produced by important companies that
carry out the relevant product sector.

- Simplify the manufacturing
process, fewer processes

- The entire production layout has been redesigned,
the product is assembled within a fully automated
production cycle, this translates into greater quality
and performance due to a better standardization of
the process.

Table 35. Suggestions for further/future improvements of Repro-light demonstrator (Luminaire A2).

Suggestions for further/future improvements of Repro-light demonstrator (Luminaire
A2)
- Specify re-manufactured and
re-used components

- With the objective to reduce environmental impact
due by the energy consumption for extraction and
transformation of raw materials.

- Avoid distribution processes
that consume a lot of energy

- A “local-to-local” production could contribute to lower
energy impact generated by the products shipment
around the world. A local production should also have
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the advantage to improve all the steps of which the
product need during its dismantling and consequently
the easy collect of the components to be reused in a
new production by the producer.
- Use the minimum type of
different materials

- Using as few materials as possible as well as
facilitating easier management of raw materials and
suppliers contributes considerably to the end-of-life
phase of the product in the process of separating
components for easy and quick recycling of materials.

- Specify highly recyclable
materials

- Producing materials requires numerous steps from
extraction until you get to the semi-finished product.
The recycling of some materials, for example
aluminium, allows to save a lot of electricity, water,
CO2, safeguarding the environment.

- Avoid the use of labels

- We suggest removing some of the adhesive labels
that we have found inside the gear tray.

- Specify standard components

- Using standard components around which to design
the lighting would significantly reduce the production
costs for custom components as well as promoting a
process of reuse of the parts at the end of life of the
product.

- Use ‘smart’
technologies/controls that
reduces energy during use (i.e.
occupancy and light sensors,
timers, etc.)

- Developing systems that integrate new technologies,
for example the use of presence or luminance sensors
capable of interacting with spaces and the people
living in them, means saving a considerable amount of
energy not only during use but also in terms of the life
of the lighting product. The implementation of tools
capable of interacting with the real needs of the user
would allow these products to become intelligent
products ready to turn on or off in relation to the real
use. Products capable of self-adjusting the luminous
flux and colour temperature according to the
physiological and comfort parameters of the end user,
this would in fact translate into a considerable benefit
in environmental terms in the form of an extension of
the life cycle of the product itself.

- Specify recycled materials
with the highest % of recycled
ones

- Achieving the objective of having plastic free
products would certainly bring considerable
advantages in terms of environmental impact, a step
that is currently possible and relatively easy to take
could be to replace electrical plastic components with
ceramic electrical components, which have always
been present on the market.

- Mark products/materials that
can be recycled, for an easy
identification

- All recyclable components should be marked to
simplify waste management even for non-experts easier separation of components.
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- Integrate functions

- Open the trunking system to other technical devices
to be installed to it to safe installation costs and efforts
for those devices (because the mains voltages are
available in the complete line).

- Implement long term warranty
or encourage light-as-a-service
business models

- Extending a product's warranty results in an increase
in the product life cycle. This would require a greater
attention on the part of the manufacturer both during
the design and production phase as well as during the
use phase, thus guaranteeing its correct functioning.

- Provide information about
how and where to dispose the
product

- Initiate/incentivise that the customers return the
product to the manufacturer so that it can be recycled,
and not to the scrap dealer.

- Design components with
several integrated functions

- Designing components designed to be used on
multiple product families would allow greater
optimization of energy and environmental resources.
This modular design approach would also result in an
immediate economic advantage for the company as
well as logistic ones, having to manage fewer codes
and less warehouse. First approaches were
developed in Repro-light and will be continued.
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General Conclusions & Suggestions
The work presented in this deliverable aimed to highlight the best practices to approach the
Eco-Design for the lighting industry, through the experiences gained during the Repro-light
project.
These best practices, are strictly linked with the related regulations available (e.g. EuP, RoHS,
WEEE, and REACH - see section “Eco-Design European Regulations”, pg. 39), and are briefly
presented, in terms of requirements, obligations, categories and checklists, in section “Key
Points for Eco-Design: Requirements, Obligations, Categories & Checklists”, pg. 44.
Eco-Design assessments can be conducted in two ways:
1. As suggested by the standard ISO 14006:2011, and as we have done for the lighting
products under study (Repro-light luminaires), using (comparative) LCA results to
quantitatively quantify, in every phase of the product lifecycle, the impact of the specific
design solution implemented (see the procedure flow-chart in Fig. 14).
2. More qualitatively, where Eco-Design suggestions become, for a more practical and
efficient use, Eco-Design checklists, pointing out the required actions, along all the
product lifecycle, that are more relevant for decreasing the environmental impact of
lighting product under study.
These required actions, that can be related to:
•
•
•
•
•
•

Design (mechanical design, electrical design, etc.).
Production.
Installation.
Usage.
Maintenance.
EoL.

Are reported below, as general conclusions and suggestions.

Eco-Design suggestions
Generic Eco-Design suggestions (to improve lighting products sustainability)
1.

Use fewer components, parts and materials as well as the use of recycled, greener and
long-lasting materials play an important role in the life cycle of the product and in the
safeguard of the environment. Reduction of material usage by applying smart production
techniques, designing longer-lasting products with less material, use strong, long lasting
materials, this ensures graceful ageing. Light weight, reduction in weight and size. Durable,
indestructible structures. Shock, water and dustproof.

2.

Design components with several integrated functions.

3.

Increase product lifespan.

4.

Apply modular design.

5.

The product should be easy to repair.

6.

The product should be easy to upgrade.

7.

Specify re-manufactured and re-used components.
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8..

The product should be durable.

9.

Easy access to components for repair.

10. Avoid manufacturing processes that consumes a lot of energy, use processes with low
energy consumption throughout the lifecycle also in use, for example smart production
techniques useful to reduce complexity. Optimised supply chains, reduction in (transport)
volume.
11. Avoid distribution processes that consume a lot of energy.
12. Avoid materials that consume a lot of energy to extract and process.
13. Improve the energy-efficiency of the product system.
14. Design and implement systems that facilitate products and components recovery for reuse/re-manufacturing/recycling.
15. Use smart, green materials, renewable, recycled materials. Designing for use of materials
that have a lower environmental impact in manufacturing, use or disposal. Design for
recyclability.
16. Specify highly recyclable materials.
17. The product should be easy/fast to disassembly.
18. Avoid the use of (special) tools for disassembly.
19. Avoid non-detachable joints (welded or glued joints).
20. Avoid the use of labels.
21. Avoid the use of finishes in materials.
22. Specify snap-fit joints.
23. Select low environmental impact materials and manufacturing processes.
24. Avoid the use of PVC.
25. Reduce the weight and volume of the product and packaging.
26. Specify reliable components from well-known suppliers.
27. Optimise use of material.
28. Specify standard (e.g. Zhaga) components.
29. Use smart technology that reduces energy during use (i.e. occupancy and light
sensors, timers).
30. Allow light control (intensity/direction): Use dimmers and directional lights.
31. Use energy-efficient light sources.
32. Specify recycled materials with the highest % of recycled material.
33. Reduce the number of joints.
34. Mark materials for easy identification for recycling.
35. Mark products/materials that can be recycled.
36. Avoid PCB with welded components
37. Specify drivers with short and open circuit protection.
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38. Specify drivers with overload and over voltage protection.
39. Specify drivers with Safety Extra Low Voltage (SELV).
40. Specify future-proof drivers that provide industry leading output voltage range enabling
seamless support of LED generations.
41. Simplify the manufacturing process, fewer processes.
42. Implement long term warranty.
43. Provide exploded view with components and suppliers of each component to facilitate
repair.
44. Provide information about how and where to dispose the product.
From these general suggestions, Eco-Design checklists can be extracted and used to selfevaluate existing products, or as guide(line)s for the retrofitting or for the completely new
design of lighting devices.
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