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Abstract- LED lighting products have been increasingly utilized in the world nowadays, and there is a demand for the LED 
lighting product developers to effectively select tools to eco-design and manufacture of these type of products. To meet such 
a demand, a toolbox for design and manufacture of LED lighting products has been developed. In this paper, the demand for 
the types of tools suitable for the toolbox is discussed first, which is based on semi-structured survey results. The toolbox 
content and the integration of the tools into the LED product development process are then presented. The description of the 
integration is focused on computer aided tools, due to the restriction on the length of this paper. A case study is provided to 
illustrate the integration process. 
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I. INTRODUCTION 
 
About 19% of the total global electricity produced in 
the world is consumed by lighting products [1], and 
energy consumption has a negative impact in the 
environment and consumers’ cost, that is why it is 
important to reduce the energy consumed by lighting 
products. LED technology and LED lighting products 
have received great attention lately because they can 
help efficiently reduce energy consumption as well as 
provide other benefits such as reducing environmental 
impact and increase performance of lighting products. 
There are many tools available already to develop and 
manufacture LED lighting products. However, LED 
lighting product manufacturers, and SMEs in 
particular, may be not aware of some of the available 
tools and may have difficulties to select those tools. 
This is due to factors such as the nature in which 
businesses in these small firms operate. Most small 
LED lighting manufacturing firms also rely on 
subcontractors for delivery of ready to assemble LED 
modules which makes it difficult for LED lighting 
product designers and engineers to integrate and use 
these tools in their in-house development processes in 
order to increase reliability, performance, energy 
efficiency, modularity and recyclability of the LED 
lighting products they develop.  
 
There is also the issue of some firms being reluctant to 
put in place the facilities that can support the use of 
tools to improve the quality of the lighting product and 
reduce its environmental impact, because , it is 
claimed that there is no demand from clients.. In fact, 
it is expensive putting in place, and integrate in 
development processes, all the tools (and expertise) 
necessary to improve eco-product design quality and 
efficiency so it is necessary and required by the LED 
lighting manufacturing industry to develop a toolbox 

that lighting product designers and manufacturers can 
use to be able to select the tools meet this requirements 
with regards to cost.  
 
To meet this demand, a toolbox has been developed by 
a team led by the authors as part of the cycLED project 
supported by the European Commission [2]. In this 
paper, the demand for the toolbox and its contents are 
presented first. Then the integration of the toolbox 
into the product development process is described, 
which focuses on the computer aided-based tools only, 
due to the limitation of the length of the paper, 
followed by a case study to illustrate the application of 
the toolbox. 
 
II. DEMAND FOR THE TOOLBOX 

 
A. Investigation into the Demand for the Toolbox 

In order to find out what types of tools could be 
included in the toolbox, a survey was conducted using 
semi-structured interviews, which were targeted at 
product developers who work in companies that 
manufacture LED lighting products. 32 interviews 
were conducted. 
 
The interview questions cover the following topics: 
1. Do you use any of the following tools?: 

a) Design guidelines or analytical tools for the 
following purposes:  

 to select the most reliable components (LEDs 
and drivers). 

 to select the most reliable match between driver 
forward current and LED type, to avoid LED 
failure. 

 to model the temperature inside the product 
housing to ensure minimum temperature to 
avoid premature LED failure.  
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 to select the easier and faster disassembly 
process of the LED product to facilitate 
re-manufacturing and/or recycling of the 
LEDs. 

 to design the product easy to dismantle so 
components can be easily repaired and/or 
updated when broken or out-of-date. 

 to support the re-use or re-manufactured LEDs 
in LED products. 

b) Guidelines and recommendations, so users know 
in which environmental conditions and how 
(operative mode) the LED product have to be used to 
increase its lifespan. 

 
c) Compliance schemes adhesion to ensure that 

broken LEDs components/modules can be collected 
repaired and re-used again; and to ensure that LED 
contained in LED products that are disposed at End of 
Life (EOL) can be re-used/re-manufactured or 
recycled. 

 
2. If the answer to any of the above questions is 

‘yes’, then please mention: the name of the tool/s, 
their function in detail, who uses them, at what stage 
during the product development process, and the 
advantages and disadvantages of each tool. 

 
3. If the answer is ‘no’, then please state what are 

the main reasons for not using the tools/guidelines: 
 
a) Too time consuming 
b) No relevant tools/guidelines available 
c) Existing tools are difficult to use 
d) Existing tools are too general / to specific / too 

complex / too simple 
e) Not aware of any tools 
f) No demand from customers 
g) No demand from management 
h) Using ready-to-assess LED module 
i) Other reasons/no answers 

 
The interview results were collected and analyzed. 
Below is an example of such results and analysis: 
 
Question ‘Do you use tools (compliance schemes 
adhesion) to ensure that broken LEDs 
components/modules can be collected repaired and 
re-used again?’ 
 
As indicated in Fig.1, amongst 28 interviews 
completed, only 3 answered ‘yes’, while 25 answered 
‘no’. 
 
Amongst the 25 interviewees who answered ‘no’ to 
the given question, as shown in Fig 2, 14 interviewees 
did not give a reason why they answered ‘no’. This 
result indicates that there is a need to enable the 
product developers to be aware of the tools related to 

this question.  

 
Fig.1 Percentage of interviewees that stated they use/do not use a 

tool. 
 

 
Fig.2 the reasons given by those who did not use a tool 

 
B. Issues Related with the Computer Software 
Tools 

The survey results revealed that some CAD software 
tools available in the market are also used for the 
design of LED lighting products, for example, 
regarding the question: ‘tools to model the 
temperature inside the product housing to ensure a 
minimum temperature to avoid premature LED 
failure’, several popular CAD tools are mentioned, 
such as CAD Simulation software, Solidworks, 
AutoCAD, and ANSYS 
 
The survey results also indicated that some suppliers 
offer sophisticated (mostly web-based) software 
solutions to select the most appropriate components. 
Ideally, a kind of meta-tool would allow the selection 
of components of different suppliers. As this implies a 
considerable amount of database maintenance, this 
would probably need to include a business model 
approach (e.g. license fees for use, fees charged to the 
suppliers to include their data and/or a different kind 
of funding). The tools should cover the most important 
components used in LED lighting products:  
 

• LEDs: choice of LEDs according to a set of 
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variables such as junction temperature, number 
of LEDs, phase voltage, total luminous flux, 
optical efficiency, mounting form, physical 
dimensions, etc.  

• Power supply units: choice of PSUs according 
to a set of variables such as ambient 
temperature, output voltage, number of 
outputs, current or voltage controlled, 
temperature controlled, certifications, output 
current, protection class, physical dimensions, 
etc.  

• Boards: choice of boards according to a set of 
variables such as phases, input voltage, input 
current, board material, protection class, 
physical dimensions, etc. 

 
Lifecycle Assessment (LCA) is important for 
sustainable product development, and there are a 
number of LCA software tools available in the market. 
However, only LiMaS [3] was mentioned by the 
interviewees. The reason for this could be that there is 
a lack of awareness about this type of tools or that 
there is no demand from management to use it during 
product development and manufacturing, so product 
developers do not use it. .  
 
III. TOOLBOX CONTENT 
 
Based on the survey results, a set of specifications are 
created and a toolbox is developed. Fig.3 shows a tree 
diagram illustrating the developed toolbox which is 
made up of a collection of system application packages 
classified under each group mentioned in the diagram.  

 

 
Fig. 3 The toolbox structure 

 
A. The Product Hardware Instrument Group 

Tools in this group (some with software interface) are 
mainly instruments used to measure parameters like 
resistance, voltage, current, alternating signal 
voltages, power supplies etc. Typical instruments 
classified under this group include oscilloscope, 
multi-meter, infra -red cameras temperature data 
logger etc. 
 
The product software application group consist of 
software-based tools that assist in product life cycle 

management of the design and development of LED 
product. There are several packages, all having unique 
functions to improve product design, some have 
options that support and facilitate eco innovation. The 
user interface for these software-based tools has been 
developed in a way that engineers can interact with the 
programme giving suggestions and ideas to engineers 
during product development. This group can be 
divided into two separate sub-groups with each 
sub-group consisting of a collection of software-based 
tools.  
 

B. The Resource Management Group 
This group of software-based tools are used for 
managing resources, value and cost. These tools helps 
the project engineer, design engineers/project 
managers to make accurate budgets for projects as 
well aiding in the planning of an on-going project. 
Project management is an important feature of this 
group as well as computer aided design packages used 
in product development processes. Typical examples 
of tools under this sub division include the following: 
 
Arrow lighting design: - an application platform to 
design complete LED lighting system solutions. This 
integrated design environment combines multiple 
modules, including light sources, secondary optics, 
power supplies, connectors, heat sinks and boards to 
develop a system solution. 
 
Prince Two: - an application software that helps in 
planning, budgeting and timing of an on-going project 
(a project management application software) 
 
TESPI: - this is an application aimed at supporting 
environmentally conscious design, taking into account 
the environmental aspects of the product life-cycle. 
The main goal is to prioritize the redesign options 
based on the relevant eco-design strategy and to point 
out the components most sensitive to customer 
satisfaction and market competitiveness.  
 

C. Assessment Packages Software Group 
This group is the second sub-category of the product 
software group, and it is comprised by software-based 
tools with the capabilities of analysing and giving real 
time  data on the LED lighting product. These are 
software-based simulation tools used for modelling 
physical properties that have influence in product 
design of LED lighting product. Key features of these 
tools include the ability to predict and detect design 
flaws at the initial stages during product design or 
production. Some of these tools have functions that 
assist in failure mode analysis effect. A typical 
example of application software tools under this sub 
group include the following: 
 
Finite element Simulation Tool: - a method for 
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predicting how a product reacts to real-world forces, 
vibration, heat, fluid flow, and other physical effects. 
Finite element simulation shows, whether a product 
will break, wear out, or work the way it was designed 
virtually. 
Life cycle Assessment (LCA) tools: - they are used to 
assess products’ environmental and ecological 
impacts. These tools include Life Cycle Impact 
Assessment (LCIA) methods such as ReCipe and 
EI99, and software based tools to conduct LCA 
analysis by utilization of the outlined methods. 
 

D. Directives  
Directives are normally documents such as regulatory 
document (policies) and legislature issued by 
governmental bodies/Unions to control manufacturing 
processes quality. Some software developers include 
some of these documents in the data base of 
application software packages where engineers can 
access them to make sure their products comply with 
certain regulations, directives and standards. 
Documents that gives information about these 
directives can be downloaded from the internet or 
acquired from the appropriate bodies to serve as a 
guide in the development and production of LED 
lighting systems. Manufacturing guidelines can be 
categorized under this group where technical data on 
materials and components can be accessed as well as 
product instructions’ manuals and guidelines for 
reuses/recycle and disassembling methods. 
 
A typical example of tools or documents under this 
group includes the following: 
 
EU regulations: - Eco-design requirements for 
directional lamps, LED lamps and related equipment 
including an EU eco-label for luminaires presented at 
a point of sale 
 
EN 60598-1:- Luminaires - Part 1: General 
requirements and tests, describes a set of specific 
requirements for the mechanical and electrical design 
of luminaires with an electrical light source of up to 
1,000 Volt supply voltage as well as the tests required. 
 
Standard Data Sheet: - These give standard technical 
information on LED components like the Luminaire’s 
luminous flux, lens systems, beam angle, electrical 
properties etc. 
 
IV. INTEGRATION OF COMPUTER AIDED 
TOOLS INTO THE PRODUCT 
DEVELOPMENT PROCESS 
 
To successfully develop an eco-lighting product, the 
tools within the toolbox has been utilized in the 
product development process. Due to the limitation of  
the length of the paper, only the integration of 

computer aided design tools is presented in this 
section to illustrate the integration. 
 
As shown in Fig. 4, in the PDS and conceptual design 
stages, information techniques are used to assist to 
formulate product design specification, including 
Internet search, data mining, data processing and 
database management to collect information from 
various sources, such as regulations/standards. In 
detail design stage, CAD/CAE tools, such as 
Solidworks and FEA tools are used to conduct detail 
design, LCA software tools are applied to conduct the 
lifecycle assessment of the product, and lighting 
analysis tools are utilized to  measure and understand 
the performance (light output) of the lighting 
products.  

 
Fig. 4  Integration of computer aided tools into product 

development process 
 

V. CASE STUDY 
 
This case study illustrates the use relevant computer 
aided design tools from the toolbox to develop an and 
eco-lighting product.  
 
The product was developed by the Advanced Design 
and Manufacturing Engineering Centre (ADMEC) at 
Nottingham Trent University, in collaboration with 
Ona Product S. L., (a manufacturer of lighting 
products in Spain).  
 
Figure 5 shows the current version of the product. Its 
casing is made of recycled PET material, and each 
lighting module contains one heat-sink, one LED chip 
(4 watts each) and one reflector. It can be added up to 
3 lighting units on each side (the version shown in 
Fig.5 features three lighting units, two units at one end 
and one unit at the other end). The modules can be 
rotated, as shown in Figure 5, according to the user 
lighting needs. 
 
The electronic driver module houses the electronic 
driver. The driver is placed in an individual casing, 
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which enables its easy replacement or repair in case 
that it fails. Individual housing also avoid the effects 
of heat from the LED, which takes place when LED 
and driver are housed in the same compartment. 
 
The heat sinks are made of recycled aluminum, and  
electronic driver is dimmable electronic driver and 
complies with RoHS. 
 

 
Fig. 5  The Eco-lighting product 

 
Different types of eco-design tools have been 
integrated into the design process to develop the 
eco-lighting product. Figure 4 shows which type of 
eco-design tools have been used during the 
development of the product.  
 
In PDS phase, ‘Regulations and Directives’ and 
‘Eco-design Guidelines’ are utilised to develop the 
PDS of the eco-lighting product. To get the most 
suitable information, extensive internet search was 
conducted, and then suitable documents were used.  
 
For instance, in order to formulate the specifications 
of the materials for the casing and other components 
of the product, the Restriction of Hazardous 
Substances (RoHS) regulations in Electrical and 
Electronic Equipment directive [4] was used. Based 
on this directive, the PDS had to specify which banned 
and toxic materials should be avoided, such as Lead, 
mercury, cadmium, hexavalent chromium and 
brominated flame-retardants; it should also be avoided 
to use specific light sources, such as incandescent light 
sources, because they are being banned in some 
specific wattages and are going to be completely 
banned in the near future, as they are inefficient.  
 
In the conceptual design phase, screening 
software-based LCA tools, Sustainable Minds [5], and 

databases, Eco-indicator 99 [6] were used to develop, 
evaluate and refine the initial design concept..  

 
Total = 0.068 mPts/func unit 
Lifecycle stages mPts/func units 
Manufacturing 0.00422 
Transportation 9.26x10-6 

Use 0.0638 
Fig.6  LCA Results of Sustainable Minds Software 

 
Fig. 6 shows the LCA results obtained using 
Sustainable Minds software, which indicates that the 
total environmental impact of the product is 0.068 
mPts (assuming 10 h/day use for 13.88 years), and that 
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the highest impact is allocated in the use phase, 
followed by manufacturing and transport phases. It 
also shows that environmental indicator ‘Ecotoxicity’ 
has the highest impact. The results are useful for the 
initial assessment of the product at the conceptual 
design stage.  
 
In the detail design phase, the software-based LCA 
tool, Simapro [7], and materials manufacturing 
processes databases Idemat [8] and Ecotox [9] (US 
EPA, 2011), were  used to assess the environmental 
impact of the designed lighting product.  
 
Idemat, Ecotox and Eco-indicator 99 were also used to 
decide which material and manufacturing process to 
choose during the concept and detail design stages. 
Sometimes they are also used to contrast and confirm 
assessment results from the analytical tools, 
Sustainable Minds and Simapro, which have 
databases embedded. In this research, the external 
databases are used to guide the initial selection of 
materials and industrial processes (manufacturing, 
transport, etc.), prior to the employment of analytical 
tools. During the analyses carried out by analytical 
tools, the embedded databases were also used.  
 
VI. CONCLUDING REMARKS  
 
Due to the increasing development and manufacturing 
of LED lighting products, there is a demand for a 
toolbox which can help the industry and related users 
to effectively design and manufacture LED lighting 
products. The toolbox presented in this paper meets 
this demand. 
 
The results of the survey (semi-structured interviews) 
conducted, indicated the types of tools required by the 
product developers and manufacturers of LED 

lighting products, and the toolbox developed by this 
research confirmed this. 
The integration of the toolbox into the development 
process of LED lighting products is presented. 
Although it is focused on the computer aided tools, 
due to the restriction of the length of the paper, it is 
illustrated partially how the toolbox can be integrated, 
and, hence, other types of tool can also be integrated in 
a similar way.      
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