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Abstract 

This paper investigates barriers to eco-innovation in the LED sector. It presents the results of the first 

phase of a project, in which these barriers are identified by conducting in-depth interviews with four 

SMEs that are in charge of developing ecodesigned LED products within the FP7 cycLED project. 

Following a review of the literature on barriers to (eco)innovation, a questionnaire has been prepared 

to guide the interviews. 144 external and internal barriers were identified, of which 14 were deemed 

“major barriers”. Solutions to these barriers are discussed in the conclusion.  
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1. Introduction  

Many studies have sought to analyse barriers to innovation. In their analysis of revealed versus 

deterring barriers, D’Este et al. (2012) underline that these studies have focused on financial variables 

and that many of them have used econometric analyses and CIS survey data. On the other hand, few 

studies have explored a broader range of barriers or conducted case studies. Moreover, barriers to 

eco-innovation and SMEs’ barriers have seldom been analysed. This paper fills this gap by analysing 

the barriers to eco-innovation in the emerging LED sector. It present the results of the first phase of 

part of an on-going FP7 project called “cycLED”, which was completed in February 2014.1 The cycLED 

project aims at optimising the flows of resources over all life-cycle phases of Light Emitting Diodes 

(LED) products. The energy saving potential for LEDs is significant, and the strategic importance of the 

LED technology is reflected in current and upcoming market developments. However, LED-based 

product systems contain many resources like indium, gallium or rare earth metals. Some of these 

substances are classified as critical raw materials at EU level. Therefore, if the current expansion of LED 

technologies is most welcomed from an economic and energy point of view, it requires optimising 

resource flows and addressing key societal issues. To strengthen the emerging LED market in Europe, 

cycLED focuses on improvement of the material flows and policy measures to remove barriers for LED 

technology dissemination. Innovation is needed to achieve an efficient management of the different 

materials used in LED systems, so that the growth of the LED-related markets is decoupled from 

resource depletion.  

                                                           

1
 See WP8: Overcoming barriers to eco-innovation, see http://www.cyc-led.eu). 
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In order to analyse the barriers to eco-innovation in the LED sector, at first in-depth case studies were 

conducted with cycLED project SME partners. In a second phase, the analysis is extended to other 

stakeholders, including government and EU officials, in order for example to better explore regulatory 

barriers. Results from this research will be useful for policy-makers to design policies that can help 

SMEs overcome barriers to eco-innovation, and to strengthen eco-innovation in the LED sector, 

notably in Europe. It will also enable innovation scholars to better understand the dynamics of eco-

innovation in an emerging field, which has the potential to support the sustainability transition of 

lighting and display technologies by switching to ecodesigned LEDs. This paper focuses on the first 

phase of this analysis, and consists in a presentation of the methodology used to identify the barriers, 

of the results (144 identified barriers), while solutions to the major barriers (14 of them) are discussed 

in conclusion. 

 

2. Methodology  

In order to prepare an interview guideline that would help firms identify their barriers to eco-

innovation, a review of the literature was prepared. A commonly used list of barriers is the one of the 

Community Innovation Survey (CIS), which includes three categories of barriers: Risk and finance, 

Knowledge-skill within enterprise/outside enterprise, and Regulations (Mohnen and Röller (2005)). In 

their study of the potential and challenges of Solid  State  Lighting (SSL) in Europe, De Almeida et al. 

(2014) complement the CSI barriers and formulate the following barriers for the implementation of 

SSL: Cost, Payback time, Quality, Luminous efficacy, Lifetime, Educational barriers, Testing, 

Manufacturing, Lack/high cost of capital, Aversion to risk, Lack of time, Dramatic decline in the total 

number of lighting products. 

In order to complement these lists, other sources were identified (see reference list in Appendix 1), 

which enabled us to draft a more detailed list of barriers that was circulated to all cycLED partners who 

could add new barriers. This list proposes a new categorisation of barriers to eco-innovation that is 

more helpful to find ways to overcome barriers to eco-innovation in the LED sector. In the context of 

the cycLED project, the barriers to eco-innovation are analysed in order to help our demonstrators 

overcome them and to successfully eco-innovate, but also in order to support the development of a 

sustainable European lighting industry. We will thus analyse the barriers that are faced by cycLED 

SMEs and that originate both within their organisation and outside their organisation.  

Case studies consisted in interviews carried out with the support of an interview guideline (see 

Appendix 2), in which potential barriers were collected from the aforementioned literature review. 

The guideline contains 144 barriers organised in two groups: barriers within organisations (Vision and 

strategy, Finance, Human resources, ...); and barriers outside organisations (Policies and norms, 

Infrastructures, Values and beliefs, ...). Face-to-face interviews were conducted with high-level 

executives from the four SMEs of the project, which are in charge of delivering demonstrators of 

ecodesigned LEDs. For each barrier, SMEs were asked to estimate the importance of each barrier for 

their organisation: -1 (Not a barrier but rather a support to ecoinnovation); 0 (Irrelevant barrier to 

ecoinnovation for my organisation); 1 (Relevant barrier to ecoinnovation for my organisation); 2 

(Major barrier to ecoinnovation for my organisation). After the interviews, a list of the most important 

barriers was compiled, for each SME and for the four of them altogehter. Summing up the scores 

obtained for each barrier, only one of them obtained a score of 5 (category ‘Policies & norms’: barrier 

‘Lack of certification mechanisms to check out the technical specifications of products put on the 

market’); and seven barriers obtained a score of 4 (e.g. category ‘Technology’: barrier ‘LED drivers are 
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barriers to ecoinnovation’; or category ‘Finance’: barrier ‘Lack of in-house sources of finance’). On the 

basis of the ranking of barriers obtained for each SME, all the barriers with a score of 1 and 2 were 

singled out, and discussed during an ad hoc workshop that took place during a consortium meeting of 

cycLED in November 2013. During this workshop, with the help of the other project partners, SMEs 

were asked to explain which barrier could be overcome internally, and where could they seek help to 

do so.  

 

3. Results  

Results from this research will be useful for policy-makers to design policies that can help SMEs 

overcome barriers to eco-innovation, and to strengthen eco-innovation in the European LED sector. It 

will also enable innovation scholars to better understand the dynamics of eco-innovation in an 

emerging field, which has the potential to support the sustainability transition of lighting and display 

technologies by switching to ecodesigned LEDs. The analysis of the identified barriers enables us to 

highlight the ones that must be addressed with top priority. Indeed, if 144 barriers were evaluated 

(hence a total of 576 evaluations for the four SMEs), not all of these evaluations will point our to 

barriers that need to be solved with top priority. To bring these major barriers to the fore, we can first 

use the level given to each barrier as a score (-1, 0, 1, or 2) and add up the scores given by the four 

SMEs to obtain a global score for each barrier. A second way to bring forward the most important 

barriers is to count how many times each barrier has been given a Level 2 and a Level 1. Both methods 

are used below to present an overview of all the identified barriers, and then to analyse relevant (Level 

1) barriers and major (Level 2) barriers. 

 

3.1. Overview of barriers to eco-innovation within cycLED 

The table below shows the 8 barriers that are important for all cycLED SMEs, by taking the ones that 

received a score of 5 (only the first one written in bold font) and a global score of 4. 

Table 1.  Barriers to eco-innovation for European LED SMEs  

CATEGORY OF BARRIER BARRIERS 

Policies & norms/Policy instruments 
Lack of certification mechanisms to check out the technical 

specifications of products put on the market 

Policies & norms/Policy objectives 
National policies do not provide adequate support to 
ecoinnovation and/or emerging LED technologies 

LED industry Increasing & unfair competition from non-European firms 

LED industry Technology is not cost-effective enough 

Global context/Macro-political 
Critical materials like REEs are mainly exported by non-
European countries 

FINANCE Lack of in-house sources of finance  

FINANCE 
The gross intrinsic value is too low, which discourages 
innovation in recycling technologies 

TECHNOLOGY LED drivers are barriers to ecoinnovation (too fragile e.g.) 

NB:  Barriers in capital font refer to internal barriers, others to external barriers. The barrier in bold font received a global score of 5. 



4 
 

This table shows that five of the eight most important barriers are external ones. This emphasis given 

by cycLED SMEs on external barriers is partly due to the fact that following our literature review and 

consultation of cycLED partners, 67% of the barriers listed were external ones. 

Table 2.  External vs. internal barriers  

Score of 

barriers 

Internal 

barriers 

External 

barriers 

Total number of 

barriers 

-1 8 3 11 

0 10 16 26 

1 11 31 42 

2 9 31 40 

3 6 11 17 

4 3 4 7 

5 0 1 1 

TOTAL 47 97 144 

  

The following graphical representation of the above table shows a rather standard distribution of the 

barriers, since most of them are in the middle range i.e. obtained a score of 2 or 3.  

Figure 1.  Distribution of the scores of barriers  

 

This aggregated analysis enables us to point out that external barriers are the main sources of 

blockage of eco-innovation for cycLED SMEs. The four SMEs have evaluated 144 barriers by giving 

them a level of -1, 0, 1, or 2, and thus altogether they have provided 576 evaluations. The following 

table and graph show the distribution of these evaluations across each level of barrier (-1, 0, 1, 2).  

Table 3.  Distribution of SMEs’ evaluations per level of barrier 

Levels 
Internal 

barriers 

External 

barriers 

Total number of 

evaluations 

Total number of 

evaluations (%) 

-1 Not a barrier 12 13 25 4% 

0 Irrelevant  121 225 346 60% 

1 Relevant  47 143 190 33% 

2 Major barrier 8 7 15 3% 

Total  188 388 576 100% 
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Figure 2.  Distribution of SMEs’ evaluations per level of barrier 

 

The first important finding here is that 60% of the evaluations corresponded to barriers deemed by 

SMEs as irrelevant for their organisation (barrier level = 0). This could be explained by the fact that the 

range of barriers collected from the literature was too broad for studying the barriers to eco-

innovation of SMEs in the LED sector. Among these barriers, 19 of them were deemed irrelevant by 

the four SMEs altogether, a homogeneity of evaluation that we will not find in the cases of relevant 

and major barriers.  

11 irrelevant barriers were external barriers: 

- Too many heterogeneous LED market niches, which tends to slow down 
technological accumulation 

- The claim for environmental-friendliness of LEDs  is not yet trusted by industrial 
consumers 

- The claim for the energy saving potential of LEDs is not yet trusted by industrial 
consumers 

- Insurance rules are obstacles to ecoinnovation  
- Lack of professional associations supportive of ecoinnovation  
- Lack of new conferences where engineers and designers can meet and discuss 
- LED products are not modular enough 
- Dominant design methods in the lighting industry are driven by built-in 

obsolescence 
- Too many competing consortia (can reduce opportunities) 
- Climate scepticism 
- Currently, there is political instability that deters ecoinnovation   

 

8 irrelevant barriers were internal barriers: 

- Cognitive routines and shared beliefs of designers are not geared towards 
ecoinnovation  

- Blue light hazard is an obstacle to ecoinnovation  
- Employees’ resistance to implementing ecoinnovation 
- LEDs perceived as ecoinnovations per se, and thus no further effort seems to be 

required to reduce its ecological impacts 
- Human resource management is not supportive of ecoinnovation 
- High sunk investments (switch to new technologies once investments are written 

off) 
- Information sharing between marketing and R&D departments is weak 
- The location of your organisation is detrimental to ecoinnovation 
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It is interesting to notice that three barriers were never deemed irrelevant by any of the four SMEs; 

one of them being the most significant barrier (score = 5). One of them is the only barrier that 

obtained a score of five (external barrier “Lack of certification mechanisms to check out the technical 

specifications of products put on the market”, category “Policies & norms/Policy instruments”). The 

two others obtained a score of four and were also external barriers: “Technology is not cost-effective 

enough” (category “LED industry”); “Critical materials like REEs are mainly exported by non-European 

countries” (category “Global context/Macro-political”). This suggests that the framework is coherent 

and that it does enable us to capture the main barriers perceived by cycLED SMEs. 

Other interesting results can be derived from the remaining 40% evaluations that got a positive or 

negative score. Concerning the negative scores, a firm was able to give a score of -1 to a barrier that 

from her point of view was actually not a barrier but an advantage for her. 23 barriers received one 

evaluation with a Level -1 (13 of which were external barriers), and one (external) barrier got two 

negative evaluations (Level -1): “The size of your organisation is too small to ecoinnovate”. This case 

means that for two SMEs, being small was not perceived as a disadvantage to eco-innovate. 

 

3.1. Relevant barriers to eco-innovation (level 1) 

Of the 576 evaluations 190 corresponded to a Level 1 and concerned 113 different barriers. This 

means that several times more that one SME gave a Level 1 to the same barrier. The distribution of 

these Level 1 evaluations is presented in the table below.  

Table 4.  Number of Level 1 barriers per frequency of occurrence 

Number of SMEs that 

used the Level 1 to 

evaluate a given barrier 

1 2 3 4 

Total number of barriers 

that were deemed 

relevant (Level 1) 

Number of barriers 
deemed relevant  

by 1, 2, 3, or 4 SMEs 
52 47 12 2 113 

 

This table underlines a heterogeneity in the identification of barriers among cycLED SMEs. Indeed, only 

2 barriers were deemed relevant by the 4 SMEs altogether, 12 by 3 SMEs, 47 by two SMEs, and the 

highest number of Level 1 barriers (52) were deemed relevant by only one SME. 75% of the barriers 

that were deemed relevant by cycLED SMEs were external barriers, but only two of them were 

deemed relevant by the four SMEs altogether: 

- Technology is not cost-effective enough 
- Critical materials like REEs are mainly exported by non-European countries 

 

Of the 12 barriers deemed relevant by at least three of the four cycLED SMEs, there are 2 internal 

barriers that both belong to the category “FINANCE”, which stresses the importance of financial issues 

for cycLED SMEs to eco-innovate: 

- The pay-off period of ecoinnovation is too long 
- Economies of scope are too small to reduce costs  
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Of the 12 barriers deemed relevant by at least three of the four cycLED SMEs, 10 are external barriers: 

- Lack of certification mechanisms to check out the technical specifications of 
products put on the market 

- Financial institutions are not sensitive enough to ecoinnovation  
- Reluctance of skilled personnel to work for SMEs 
- LED technological niches are not protective enough for radical ecoinnovations to 

emerge 
- European policies do not provide adequate support to ecoinnovation and/or 

emerging LED technologies 
- Ecoinnovation policies are not SME-friendly  
- There are legally binding contracts for the provision of electricity and/or lighting 

that discourage ecoinnovation  
- Highly competitive environment (prevents the of trust between organizations) 
- The current macroeconomic context is not favourable to ecoinnovation  
- Current macroeconomic policies are not supportive of ecoinnovation   

 

3.2. Major barriers to eco-innovation (Level 2) 

Last but not least, 14 barriers were identified as major barriers by SMEs (Level 2), but only one of them 

was mentioned as such by more than one SME (but by only two of them): the internal barrier “Lack of 

in-house sources of finance”. The table below confirms the heterogeneity in the identification of 

barriers among cycLED SMEs found for Level 1 barriers. Indeed, not a single barrier was deemed major 

by the four SMEs altogether, and not even one was deemed major by three SMEs altogether.  

Table 5.  Number of Level 2 barriers (major barriers) per frequency of occurrence 

Number of SMEs that 

used the Level 2 to 

evaluate a given barrier 

1 2 3 4 

Total number 

of barriers 

that were 

given Level 2 

Number of barriers 

deemed relevant by 1, 

2, 3, or 4 SMEs 

13 1 0 0 14 

 

If we look at the Level 2 barriers that were common to cycLED SMEs, only one was common to just two 

SMEs (the aforementioned internal barrier “Lack of in-house sources of finance”). The 13 remaining 

major barriers that received one Level 2 evaluation were deemed major by only one SME (solutions to 

these 14 major barriers are discussed in the conclusion of this paper). This heterogeneity of the 

perceptions of barriers by cycLED SMEs can be explained by the fact that they operate in different 

contexts such as different segments of the LED market and sometimes in different countries. This 

suggests that in order to better understand the barriers to eco-innovation in the LED sector, we should 

at first analyse in detail the barriers identified by each SME (this will be done in the individual reports 

sent to each firm). Second we must expand our analysis beyond cycLED by investigating other firms 

operating in different contexts, as well as other stakeholders such as multinationals or government 

officials (this will be done in a second phase). 
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Table 6.  Major barriers to eco-innovation according to cycLED SMEs  

Category Barrier 

Policies & norms/Policy instruments 
Lack of certification mechanisms to check out the technical 

specifications of products put on the market 

FINANCE LACK OF IN-HOUSE SOURCES OF FINANCE  

FINANCE 
THE GROSS INTRINSIC VALUE OF THE LED PRODUCT IS TOO LOW, 

WHICH DISCOURAGES INNOVATION IN RECYCLING TECHNOLOGIES 

TECHNOLOGY LED DRIVERS ARE BARRIERS TO ECOINNOVATION  

LED industry Increasing & unfair competition from non-European firms 

Policies & norms/Policy objectives 
National policies do not provide adequate support to ecoinnovation 

and/or emerging LED technologies 

FINANCE ECO-INNOVATION COSTS ARE TOO DIFFICULT TO CONTROL  

RESOURCES & CAPABILITIES 
INFORMATION SYSTEMS ARE SOURCES OF RIGIDITY THAT 

DISCOURAGE ECOINNOVATION 

LED industry Existence of litigations between firms 

Markets & User practices/Financial markets Lack of funding to support SMEs' ecoinnovation 

Markets & User practices/Labour market Lack of skilled people to repair used LED products 

Markets & User practices/Technological niches  Lack of modularity between radical innovations 

HUMAN RESOURCES LACK OF TECHNICAL PERSONNEL TO ECOINNOVATE 

Markets & User practices/Labour market 
Educational institutions do not provide enough people well trained to 
develop ecoinnovations 

NB:  Capital letters = INTERNAL BARRIERS. Bold font underlined: score of 5. Bold font italics: score of 4 with two level 2.                     
Bold font: score of 4. Italics: score of 3. Normal font: score of 2. 

 

Our analysis enables us to examine how each category of barrier is perceived by SMEs, and to 

represent it graphically (see following figure, normalized with respect to the number of questions 

asked for a specific category).  

Figure 3.  Categories of external barriers perceived by cycLED SMEs 

 

 

We can see that no category of barrier clearly stands out for the four SMEs except for the global 

context, which can be explained by the fact that the economic crisis affects most businesses. On the 

contrary, some categories such as “Technology”, “Design management” or even “Vision and strategy” 
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are not perceived as barriers to eco-innovation. This suggests that despite their size, cycLED SMEs feel 

that they have a good vision and strategy to achieve eco-innovation, and have a good command of the 

technological and design drivers to do so. This corroborates the findings of Saunila and Ukko (2014) 

according to which firm’s size does not seem to affect SMEs’ innovation capability. The following figure 

shows the categories or barriers that are deemed irrelevant by cycLED SMEs, which corroborates the 

latter comment. 

Figure 4.  Irrelevant barriers to eco-innovation  

 

 

4. Conclusion 

The case studies conducted within the cycLED projects have enabled us to identify 14 major barriers to 

eco-innovation (Level 2). However, only one of these major barriers was mentioned as such by more 

than one SME (but by only two of them): the internal barrier “Lack of in-house sources of finance”. 

Financial resources are an important ingredient for innovations in general and eco-innovations in 

particular. For example, they are a prerequisite for R&D investments which according to Klewitz and 

Hansen (2014) are one of the four main critical success factors for environmentally sustainable product 

innovation (with market, law and regulation knowledge; interfunctional collaboration; and innovation-

oriented learning). The importance of in-house sources of finance for SMEs’ eco-innovation is 

corroborated by other studies on SMEs, such as the one carried out by Madrid-Guijarro et al. (2009) on 

the barriers to innovation among Spanish manufacturing SMEs, who underlines that “challenges 

associated with human resources and weakening of financial position act as obstacles to innovation”. 

On the other hand, other authors like Alessandrini et al. (2010) suggest that financial barriers depend 

on SMEs’ location, since “SMEs located in provinces where the local banking system is functionally 

distant are less inclined to introduce process and product innovations”. Financial constraints are also 

important barriers to innovation for low-tech SMEs, and hence Cuerva et al. (2014) suggest to “to 

reduce the financial constraints for SMEs in order to incentivize eco-innovation”.  

The 13 other barriers identified by at least one cycLED SME to be a major barrier to their eco-

innovation are presented in the table below (7 external, 8 internal).  
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Table 7.  Major barriers according to cycLED SMEs 

Global 

Score 
Category Barrier 

5 Policies & norms/Policy instruments 
Lack of certification mechanisms to check out the technical 
specifications of products 

4 Policies & norms/Policy objectives 
National policies do not provide adequate support to 
ecoinnovation and/or emerging LED technologies 

4 LED industry Increasing & unfair competition from non-European firms 

4 TECHNOLOGY LED DRIVERS ARE BARRIERS TO ECOINNOVATION 

4 FINANCE THE GROSS INTRINSIC VALUE IS TOO LOW 

3 Markets & User practices/Financial markets Lack of funding to support SMEs’ ecoinnovation 

3 Markets & User practices/Labour market 
Lack of skilled people to repair used LED products, which is 
a disincentive to undertake DfR projects 

3 Markets & User practices/Technological niches Lack of modularity between radical innovations 

2 Markets & User practices/Labour market 
Educational institutions do not provide enough people well 
trained to develop ecoinnovations 

3 FINANCE ECO-INNOVATION COSTS ARE TOO DIFFICULT TO CONTROL 

3 RESOURCES & CAPABILITIES 
INFORMATION SYSTEMS ARE SOURCES OF RIGIDITY THAT 
DISCOURAGE ECOINNOVATION 

3 LED industry Existence of litigations between firms 

2 HUMAN RESOURCES LACK OF TECHNICAL PERSONNEL TO ECOINNOVATE 

NB: Capital letters = INTERNAL BARRIERS. 

 

In 2006, an IEA report lamented the lack of adherence to guidelines promoting efficient lighting (IEA 

(2006:482). Our study suggests that it is still the case in Europe. Indeed, the only barrier that obtained 

a score of 5 is an external one related to the policy context (“Lack of certification mechanisms to check 

out the technical specifications of products put on the market”): it was ranked with a level 2 by one 

SME (ETAP) and with a level 1 by the remaining 3 SMEs, hence a global score of 5 (this barrier was 

mentioned by a cycLED member during one of the consortium meeting during which WP8 issues were 

being discussed). This is therefore a key issue to be addressed for eco-innovative LEDs to emerge in 

Europe. In the US, the US DoE “LED Lighting Facts” programme aims “to assure decision makers that 

the performance of solid-state lighting (SSL) products is represented accurately as products reach the 

market” (http://www.lightingfacts.com/About). A similar programme could be launched at European 

level. This barrier has thus been given a key priority and support from the professional association 

Lighting Europe has been sought to overcome it. 

Another major external barrier that got a global score of 4 (it was given a Level 2 by 2 SMEs) relates to 

policy issues: “National policies do not provide adequate support to ecoinnovation and/or emerging 

LED technologies”. This barrier will be voiced to national policy makers, who could for example 

introduce a financial support scheme for consumers that adopt ecodesigned LEDs. In California, 

according to The Climate Group (2012) an “Efficiency and Conservation Block Grant Program” (EECBG) 

granted USD 37.3 million to 40 small cities and counties to develop LED street and parking area retrofit 

projects. The last major external barrier that got a score of 4 concerns “Increasing & unfair 

competition from non-European firms”, which during the interviews clearly concerned Asian firms, 

especially Chinese ones. The creation of strong certification mechanisms could reduce this unfair 
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competition, and possibly be used to strengthen the standards of LEDs that are put on the EU market, 

for example by only authorising the ones that achieve a certain level of environmental performance. 

The last four major external barriers obtained a global score of 3, and they all belong to the category 

“Markets & User practices”. One of them concerns financial market and the lack of specific sources of 

finance to support eco-innovation by SMEs. Another one focuses on the labour market and suggests 

that there is a “Lack of skilled people to repair used LED products, which is a disincentive to undertake 

DfR projects”. This is a barrier to be solved by a multiplicity of actors in charge of training such as 

governments (they can ask engineering schools to train students on DfR), universities (they can 

develop DfR courses), or companies (they can request that their technicians be trained on DfR). The 

lighting sector could give a specific contribution here by organising an industry-wide training 

programme to level up the skills of people working in the sector. Such a progress would contribute to a 

virtuous circle by encouraging companies to manufacture repairable and more easily recyclable LED 

products. A third barrier points out the “Lack of modularity between radical innovations”, a problem 

which is partly addressed by the Zhaga consortium.2  

Finally, the last major external barrier got a global score of 2 and also concerns the labour market: 

“Educational institutions do not provide enough people well trained to develop ecoinnovations”. It is 

line with the aforementioned comments on the need to scale up educational and training curricula on 

eco-innovation related issues. It also suggests that cycLED SMEs find it important to collaborate with 

stakeholders in charge of education and training, which could be seen as a favourable sign for the 

success of the project. Indeed, in their study of  the drivers of different types of eco-innovation in 

European SMEs, Triguero et al. (2013) found that “those entrepreneurs who give importance to 

collaboration with research institutes, agencies and universities, and to the increase of market demand 

for green products are more active in all types of eco-innovations.” However, if this issue is to be taken 

up by policy makers, it should not do it separately from other forms of eco-innovation policy supports. 

As Hansen et al. (2002) suggested, to support eco-innovation in SMEs “policy to support SME’s 

adoption of environmental innovations has to take an integrated form, i.e. addressing and developing 

competence, networks and strategic orientation of SMEs simultaneously whilst remaining systemic 

and context sensitive.”  

 

5. References  

Alessandrini, P., A. F. Presbitero, et al. (2010), Bank size or distance: what hampers innovation 
adoption by SMEs? Journal of Economic Geography, 10(6): 845-881. 

Cuerva, M. C., Á. Triguero-Cano, et al. (2014), Drivers of green and non-green innovation: empirical 
evidence in Low-Tech SMEs. Journal of Cleaner Production, 68(0): 104-113. 

D’Este, P., S. Iammarino, et al. (2012), What hampers innovation? Revealed barriers versus deterring 
barriers. Research Policy, 41(2): 482-488. 

De Almeida, A., B. Santos, et al. (2014), Solid state lighting review – Potential and challenges in Europe. 
Renewable and Sustainable Energy Reviews, 34(0): 30-48. 

Hansen, O. E., B. Sondergard, et al. (2002), Environmental Innovations in Small and Medium Sized 
Enterprises. Technology Analysis & Strategic Management, 14(1): 37-56. 

IEA (2006), Light’s Labour’s Lost OECD/IEA. 

                                                           

2
 See http://www.zhagastandard.org/specifications/certification.html. 



12 
 

Klewitz, J. and E. G. Hansen (2014), Sustainability-oriented innovation of SMEs: a systematic review. 
Journal of Cleaner Production, 65(0): 57-75. 

Madrid-Guijarro, A., D. Garcia, et al. (2009), Barriers to Innovation among Spanish Manufacturing 
SMEs. Journal of Small Business Management, 47(4): 465-488. 

Mohnen, P. and L.-H. Röller (2005), Complementarities in innovation policy. European Economic 

Review, 49(6): 1431-1450. 

Saunila, M. and J. Ukko (2014), Intangible aspects of innovation capability in SMEs: Impacts of size and 
industry. Journal of Engineering and Technology Management, 33(0): 32-46. 

The Climate Group (2012), Lighting the clean revolution: The rise of LEDs and what it means for cities. 

Triguero, A., L. Moreno-Mondéjar, et al. (2013), Drivers of different types of eco-innovation in 
European SMEs. Ecological Economics, 92(0): 25-33. 

 

6. Appendices 

Appendix 1. References on barriers to innovation used in the literature review 

Alessandrini, P., A. F. Presbitero, et al. (2010). Bank size or distance: what hampers innovation adoption by 
SMEs? Journal of Economic Geography 10(6): 845-881. 

Antonioli, D., S. Mancinelli, et al. (2013). Is environmental innovation embedded within high-performance 
organisational changes? The role of human resource management and complementarity in green 
business strategies. Research Policy 42(4): 975-988. 

Arundel, A. (2001). The relative effectiveness of patents and secrecy for appropriation. Research Policy 
30(4): 611-624. 

Assink, M. (2006). The inhibitors of disruptive innovation capability: a conceptual model. European Journal 
of Innovation Management 9(2): 215-233. 

Austin, R. D., L. Devin, et al. (2012). Accidental Innovation: Supporting Valuable Unpredictability in the 
Creative Process. Organization Science 23(5): 1505-1522. 

Baldwin, J. and Z. Lin (2002). Impediments to advanced technology adoption for Canadian manufacturers. 
Research Policy 31(1): 1-18. 

Becker, M. C., N. Lazaric, et al. (2005). Applying organizational routines in understanding organizational 
change. Industrial and Corporate Change 14(5): 775-791. 

Bergemann, D. (2005). The Financing of Innovation: Learning and Stopping. The Rand Journal of Economics 
36(4): 719-752. 

Blanchard, P., J.-P. Huiban, et al. (2012). Where there is a will, there is a way? Assessing the impact of 
obstacles to innovation. Industrial and Corporate Change. 

Bozeman, B., J. Hardin, et al. (2008). Barriers to the diffusion of nanotechnology. Economics of Innovation 
and New Technology 17(7-8): 749-761. 

Canepa, A. and P. Stoneman (2005). Financing Constraints in the Inter Firm Diffusion of New Process 
Technologies. The Journal of Technology Transfer 30(1-2): 159-169. 

Chen, Y.-S. and B.-Y. Chen (2011). Utilizing patent analysis to explore the cooperative competition 
relationship of the two LED companies: Nichia and Osram. Technological Forecasting and Social 
Change 78(2): 294-302. 

Clear, R. (2013). Discomfort glare: What do we actually know? Lighting Research and Technology 45(2): 141-
158. 

D’Este, P., S. Iammarino, et al. (2012). What hampers innovation? Revealed barriers versus deterring 
barriers. Research Policy 41(2): 482-488. 

Delmas, M. A. and V. C. Burbano (2011). The Drivers of Greenwashing. California Management Review 
54(1): 64-87. 

Dolmans, M. and C. Piana (2011). A Tale of Two Tragedies – A plea for open standards. 

Dougherty, D. and D. D. Dunne (2011). Organizing Ecologies of Complex Innovation. Organization Science 
22(5): 1214-1223. 



13 
 

Foxon, T. and P. Pearson (2008). Overcoming barriers to innovation and diffusion of cleaner technologies: 
some features of a sustainable innovation policy regime. Journal of Cleaner Production 16(1, 
Supplement 1): S148-S161. 

Galia, F. and D. Legros (2004). Complementarities between obstacles to innovation: evidence from France. 
Research Policy 33(8): 1185-1199. 

Hickcox, K. S., N. Narendran, et al. (2013). Effect of different coloured luminous surrounds on LED 
discomfort glare perception. Lighting Research and Technology. 

Hirshleifer, D., A. Low, et al. (2012). Are Overconfident CEOs Better Innovators? The Journal of Finance 
67(4): 1457-1498. 

Islam, M. S., R. Dangol, et al. (2013). Investigation of user preferences for LED lighting in terms of light 
spectrum. Lighting Research and Technology. 

Katila, R. and S. Shane (2005). When Does Lack of Resources Make New Firms Innovative? Academy of 
Management Journal 48(5): 814-829. 

Kemp, P. (2012). Les barrières idéologiques dans le conflit des interprétations sur le réchauffement 
climatique. Conflit des interprétations dans la société de l’information : Éthiques et politiques de 
l’environnement. P.-A. Chardel, C. Gossart and B. Reber, Hermès Éditions: 123-134. 

Leiponen, A. E. (2008). Competing Through Cooperation: The Organization of Standard Setting in Wireless 
Telecommunications. Management Science 54(11): 1904-1919. 

Loch, C. H., K. Sengupta, et al. (2013). The Microevolution of Routines: How Problem Solving and Social 
Preferences Interact. Organization Science 24(1): 99-115. 

Madrid-Guijarro, A., D. Garcia, et al. (2009). Barriers to Innovation among Spanish Manufacturing SMEs. 
Journal of Small Business Management 47(4): 465-488. 

McKinsey & Company (2012). Lighting the way: Perspectives on the global lighting market. 

Mohnen, P., F. C. Palm, et al. (2008). Financial Constraints and Other Obstacles: are they a Threat to 
Innovation Activity? De Economist 156(2): 201-214. 

Mohnen, P. and L.-H. Röller (2005). Complementarities in innovation policy. European Economic Review 
49(6): 1431-1450. 

Pentland, B. T. and M. S. Feldman (2005). Organizational routines as a unit of analysis. Industrial and 
Corporate Change 14(5): 793-815. 

Reinstaller, A., W. Hölzl, et al. (2010). Barriers to internationalisation and growth of EU’s innovative 
companies. Brussels, European Commission, DG Enterprise and Industry. 

Savignac, F. (2008). Impact of financial constraints on innovation: What can be learned from a direct 
measure? Economics of Innovation and New Technology 17(6): 553-569. 

Schneider, C. and R. Veugelers (2010). On young highly innovative companies: why they matter and how 
(not) to policy support them. Industrial and Corporate Change 19(4): 969-1007. 

Szulanski, G. (2003). Sticky Knowledge: Barriers to Knowing in the Firm, SAGE Publications Ltd. 

Tiwari, A. K., P. Mohnen, et al. (2007). Financial Constraint and R&D Investment. UNU MERIT Working Paper 
Series #2007-011 

Tong, X., J. Shi, et al. (2012). Greening of supply chain in developing countries: Diffusion of lead (Pb)-free 
soldering in ICT manufacturers in China. Ecological Economics 83(0): 174-182. 

Viikari, M., M. Puolakka, et al. (2012). Road lighting in change: User advice for designers. Lighting Research 
and Technology 44(2): 171-185. 

Vogel, D. (2005). The market for virtue : The potential and limits of corporate social responsibility. 
Washington, D.C., Brookings Institution Press. 

Wagner, T. P. (2011). Compact fluorescent lights and the impact of convenience and knowledge on 
household recycling rates. Waste Management 31(6): 1300-1306. 

Zammuto, R. F., T. L. Griffith, et al. (2007). Information Technology and the Changing Fabric of Organization. 
Organization Science 18(5): 749-762. 

Zidorn, W. and M. Wagner (2012). The effect of alliances on innovation patterns: An analysis of the 
biotechnology industry. Industrial and Corporate Change. 



14 
 

Appendix 2. Interview guidelines prepared on the basis of the literature review 

 



15 
 

 

 



16 
 

 



17 
 

 



18 
 

 



19 
 

 



20 
 

 



21 
 

 



22 
 

 



23 
 

 


