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1 Introduction 

One aim of the Innovation Union is to create a Single Innovation Market. In order to achieve this 

goal 5 different commitments have been implemented within the Innovation Union:  

 C14: Deliver the EU Patent (including unified system of dispute settlement) 

 C15: Screen the regulatory framework in key areas (starting with those linked to eco-

innovation and European Innovation Partnerships) 

 C16: Speed up and modernise standard-setting 

 C17: Set aside dedicated national procurement budgets for innovation. Set up a EU level 

support mechanism and facilitate joint procurement 

 C18: Present an eco-innovation action plan 

The previous deliverables D4-1 and D4-2 gave an overview over the expected effects based on a 

literature review, described the state of implementation and performed a quantitative or qualitative 

impact assessment for each of the five commitments. This deliverable will reflect how the 

commitment policies are likely to effect the innovation eco-system in a broader sense.  
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2 Unitary Patent and the Unified Dispute Settlement 

System (Commitment 14) 

Vanessa Behrens (ZEW) 

2.1 Introduction 

Within the Innovation Union, commitment 14 concerns the implementation of the Unitary Patent 

(UP), a European-wide patent, in which protection can be sought in all participating EU member 

states on a one-stop-shop basis. The UP would be a significant step towards the creation of a Single 

Innovation Market because it would harmonise the patent system across Europe, which is currently 

still very fragmented.  

The UP will lower the cost of innovation by directly reducing patenting costs. Not every member 

state or technological sector will benefit equally though. Some may even face higher costs under the 

UP. Cost-advantages furthermore, much depend on how many of the 25 EU member states actually 

end up participating, and ratification has not been straightforward. For the new UP to take effect, at 

least 13 EU countries must ratify the UPC Agreement, including the three with the most European 

patents in effect in 2012; Germany, France and the UK. Brexit brought a lot of turbulence to the 

progress that had been made in recent years. And now the German ratification process has 

unexpectedly been held up by a legal challenge before the country's Constitutional Court. 

The previous deliverable D4-1 gave an overview over the expected effects of the UP based on a 

literature review and D4-2 provided a direct impact assessment by estimating who will benefit the 

most from UP financially and by how much. For each country, we calculated current patent costs for 

all actual patents filed at the EPO (EP-Actual) and compare them with what it would have cost to file 

the patent under the UP that includes the UK (UP-Actual) or not (UP-Brexit). Section 2.2 briefly 

summarizes our main findings. This chapter will take a broader look and reflect how changes in 

patent costs due to the UP are likely to affect i) economic growth and ii) the innovation eco-system. 

In the I3U project, growth impacts at the macro level will be estimated using the country-sector 

model called NEMESIS and reported in Deliverable D10-3. Section 2.3 will explain how we integrate 

changes in patent costs due to introduction of the UP into the macro model. For the implementation 

in NEMISIS, we estimate these cost changes by country and sector. To allow for a sensitivity analysis, 

we again create three case scenarios, differing only in the number of EU member states participating 

in the UP. Under the first scenario, the UP would consist of the 16 member states that have ratified 

to date (UP-16). The second would include the same ones as in the first, but without the UK (UP-
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Brexit). And the third scenario would consist of all 28 EU member states (UP-28). These three 

scenarios are then compared to the status quo (EP-Actual). Section 2.4 will discuss likely impacts of 

the UP on different actors in the innovation eco-system. Section 2.5 concludes. 

2.2 Direct Impact Assessment: Main Findings  

 Average Cost Savings of the UP 

The average EP patent (EP-Actual) was validated in 5 EU member states, most often filed in the 

German language, renewed for 10 years and is estimated to cost €9,7091 post-grant (excluding 

attorney fees). If the same EP patents with the exact same designated states (plus the ones that would 

be included in addition under the UP by default), maintained for the same average time and filed in 

the same language, had been filed under the forthcoming UP-16, then it would have cost the 

applicant a quite similar amount; €9,297, so a cost reduction of -4%.2 The reason that these cost 

savings are much lower than what has been predicted in other studies, is because the bundles that 

are actually chosen by EP patents are usually not exactly those 16 EU member states that are 

participating in the UP, and therefore additional costs will apply to uphold their chosen bundles. 

Cost savings vary substantially across applicants. For example, the most commonly selected bundle 

designates only 3 EU member states (DE, FR and UK) and is relatively cheap under the current EP 

system because no validation fees and no translation fees apply, and renewal fees are also lower 

than under the UP. This bundle would actually see a +83% cost increase under the UP. In fact, the 

top 10 most selected bundles (accounting for 42.5% of the sample) would all have higher post-grant 

costs under UP. Contrarily, less popular bundles ranking below the top 20 most selected bundles  

(49.2% of the sample) will benefit from a -25% cost reduction under the UP. Overall, it will be patents 

that seek a wide geographical coverage (especially covering the 16 UP participating states) for long 

durations of time that will benefit the most from the UP. 

From a financial point of view, the UP therefore does not actually provide much advantage for the 

average patent application filed at the EPO. However, we are not accounting for non-financial cost 

advantages of the UP, one of which is that the applicant will gain protection in all those remaining 

UP-participating countries that had not been designated in their original application, practically at 

                                                 

1 This differs slightly from the €9,877 in table 2.5 of Deliverable D4-2 because it takes the average translation costs of all three languages, 

not just applications filed in German.  

2 Note that what we call the UP-16 here is what we termed “UP-Actual” in D4-2. 
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no extra cost. 

 Total Cost Savings of the UP 

We estimate the sum of all post-grant costs including translation, validation, publication and renewal 

fees to have amounted to €1,197 Million for all EP patents (excluding Euro-PCTs) filed in 2000 to 

2010. If all 28 EU member states would be part of the UP, then the amount spent would have been 

€900 Million (a reduction of around -25% of the costs). If attorney fees are included, the savings are 

likely to be substantially larger, maybe as much as -75%, though this is probably an overestimate 

because it was not possible to account for likely synergy effects.  

 

Given the current state of implementation however, the UP will consist of 16 member states (15 if 

the UK cannot participate), in which case a total amount of €64 Million would have been saved (-4% 

cost reductions), and around €15 Million additional costs in case of a UP-Brexit (€1,197 Million – 

€1,212 Million, so a 1% increase in costs).  

 Expected Switching Rate from EP to UP 

We calculated the percentage of patent families that would benefit from lower post-grant costs 

(excluding attorney fees) under the UP. In a way, this can be considered to be the minimum share of 

applicants that can be expected to switch from the EP to the UP if the decision is solely based on 

cost incentives. Out of all current EP patents, 36% (33% in case of Brexit) would have had lower post-

grant costs under the UP, so we can expect at least 36% of future EP patent applications to opt for 

the UP, all else equal. Again, it is important to remember here that the tradeoff between higher 

patenting costs under the UP while gaining protection in many more countries is not considered.  

This is one reason why is not realistic to assume that all else will remain equal, as the UP will change 

the filing incentives and behaviour of actors. This is discussed in section 2.4. 

 

2.3 Integration of C14 into NEMESIS  

 Commitment Rationale   

The Unitary patent (UP) is intended to provide a financially more attractive, harmonized and uniform 

patent protection across Europe with substantially reduced administrative work. With the UP, the 
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application will automatically be valid in all participating EU member states upon grant by the EPO. 

It will provide uniform protection on a one-stop-shop basis. No validations or translation will be 

necessary and the patent can be enforced at one single specialised patent jurisdiction – the Unified 

Patent Court (UPC) – whose decision will be valid across all participating states. This should be a 

boost for innovation in Europe, especially for SME’s. The prohibitive cost of patenting, due to the 

cumulated translation, renewal and validation fees would vanish with the UP. 

For the integration of commitment C14 into NEMISIS we will focus on the reduction in patenting 

costs that will follow the introduction of the Unitary Patent. We are able to compute the cost of 

patenting sufficiently well and can therefore use this as an input to NEMISIS to proxy for the price of 

innovation. 

To estimate the change in patenting costs, we calculate how much each patent filed at the EPO costs 

the applicant in terms of translation, publication and renewal fees.3 This is our reference category 

(EP-Actual), to which we then compare three alternative Unitary Patent scenarios.  

Our hypothetical costs proclaim how much the exact same EP patents would have cost if they had 

been filed under the three different forthcoming Unitary Patent (UP) scenarios, had the UP existed 

at the time. In concordance with the required inputs for NEMISIS, the hypothetical cost calculations 

were made for each country (applicants’ origin) and sector (see Table 2.1).  

We think the UP-16 to be the most likely scenario to be implemented. This may be optimistic, in light 

of Brexit and the challenge filed at the Federal Constitutional Court (FCC) in Germany. Still, the UK is 

showing promising signs of participating and a Unitary Patent without Germany seems unimaginable 

as this is the single most designated state and most EP patent originate from German applicants. 

The expected likeliness of occurrence that we assigned to each scenario are highly subjective to 

potential turbulence. It may even be the case that the UP will not be implemented at all in the 

foreseeable future and talks will be postponed for years, yet again. 

                                                 

3 Refer to D4-2 to see the full breakdown of the costs as well as statistics on this. 
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Table 2.1  Alternative Scenarios of the Implementation of the Unitary Patent 

Scenario Description Expected Likeliness of 

Occurrence 

UP-Brexit 

 

 

 

UP-16 

 

 

 

UP-28 

Average hypothetical cost per EP patent under a UP regime (excluding UK). Calculation: 

The hypothetical cost per EP patent measures how much the actual EP patent (with the 

same selection of designated states plus the additional countries that the applicant will 

gain protection in by default via the UP) would have cost if the UP is implemented with 

15 of the 16 countries that have ratified the Unitary Patent up to now (i.e. without the 

UK). This represents the Brexit-Scenario. The hypothetical costs per EP patent were then 

averaged across country (applicant's origin) and sector combination. 

Average hypothetical cost per EP patent under a UP regime (including UK) (in €). 

Calculation: The hypothetical cost per EP patent measures how much the actual EP 

patent (with the same selection of designated states plus the additional countries that 

the applicant will gain protection in by default via the UP) would have cost if the UP is 

implemented with the 16 countries that have ratified the Unitary Patent up to now.  The 

hypothetical costs per EP patent were then averaged across country (applicant's origin) 

and sector combination. 

Average hypothetical cost per EP patent under a UP regime which covers all 28 EU 

countries (in €). Calculation: The hypothetical cost per EP patent measures how much 

the actual EP patent (with the same selection of designated states plus the additional 

countries that the applicant will gain protection in by default via the UP) would have cost 

if the UP is implemented with the 16 countries that have ratified the Unitary Patent up 

to now plus the 12 EU countries that might join the UP regime in the future. Among the 

12 countries 9 countries have agreed to ratify the UP but it is uncertain when they will 

do and join the UP system. 3 countries (Spain, Poland and Croatia) have indicated not to 

join the UP system but may do so at a later stage. The hypothetical costs per EP patent 

were then averaged across country (applicant's origin) and sector combination. 

 Likely 

 

 

 

 

 

 

 

 

Most Likely 

 

 

 

 

 

 

 

 

Least Likely (maybe 

in many years to 

come) 

 

Source: Own representation. 

 Entries in NEMESIS and list of “primary inputs” 

From the direct impact assessment of commitment C14 presented in deliverable D4-2, one “entry” 

was selected to be implement in the NEMESIS model, namely a proxy for the price of R&D, as 

summarized in Table 2.2. In D10.2 it was still assumed that only patent renewal fees will be considered 

to proxy for R&D costs, but we have managed to extend this to cover translation fees, validation and 

publication fees and attorney fees. Therefore, cost reductions now relate to all post-EPO grant costs. 

We still do not consider pre-EPO-grant costs (like official application fees) since these fees will remain 

the same under the UP regime. 
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Table 2.2  List of “Primary inputs” Selected for Integration of Commitment C14 

Commitment 

Nb: 

Thematics: Entries in NEMISIS List/description of primary inputs needed 

 

C14 

 

Actions to Market 

 
1- Price of innovation linked 

to R&D (E18 in appendix 8 

of D10.2): 𝑃ARD𝑐𝑖𝑡 =
𝑃𝑅𝐷𝑐𝑖𝑡

𝐴𝑗𝑐𝑖𝑡
∙

𝑌𝑐𝑖𝑡

𝜆𝑐𝑖
, with 𝑃𝑅𝐷𝑐𝑖𝑡 the price of 

R&D 

 

 

Input OI1: From calculations based on D4-2 page 13 

“Estimation of the fall in patent renewal fees [, 

translation fees and validation and publication 

fees, with an extension to account for attorney 

fees] in the different EU countries, in billion Euros, 

of passing from the EP to the UP system ” 

 

Source: I3U Document D10.2- Integration in Macro Sectoral Model for C14 (page 89). 

 

Figure 2.1 shows the average value of each of the four variables, of which the sum of the first three 

make up the primary input for NEMISIS. We reocommend to abstain from using attorney fees in 

NEMISIS because the reference value (EP-Actual) is likely to be overestimated. Average translation 

fees are around €2,300 for the current EP-Actual, and would not be lower in the UP-Brexit scenario 

nor the UP-16 because the current bundles primarily consist of countries which have little translation 

requirements under the London Agreement. If all 28 EU member states participate in the (UP-28), 

then the average translation costs would decrease to around €1,400. 

It was decided that the renewal fees of a UP would amount to the combined sum of the renewal fees 

in Germany, France, Luxembourg as well as the Unites Kingdom. In the UP-Brexit scenario therefore, 

larger renewal fees can be expected because the applicant will have to pay the renewal fees of the 

UK in addition. Renewal fees for UP-16 do not differ much to the current status quo, yet this means 

that the applicant will have protection in 9 more EU states on average, at no extra cost.  

In several EU memebr states – and in fact also the ones which are most commonly designated – there 

are no validation or publication fees, which makes the average under the EP-Actual so small. Under 

the UP, validation and publication fees will be removed. Hence, in case of a UP-28 validation and 

publication fees would vanish completely. In case of a UP-Brexit or UP-16, applicants will still have 

to pay in some of the designated countries. The average EP-Actual patent was validated in 5 EU 

member states. 
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Figure 2.1  Average Values of “Primary Inputs” per Patent (in €, 2016) 

 

Note: Renewal, validation and publication fees stem from the patent offices’ websites. Translation and attorney 

fees were computed by using the Roland Berger Study (2004). The latter includes the validation fees, which we 

were not able to separate.  

Source: Authors’ own calculations from D4-2.  

 From “primary inputs” to “operational inputs” 

These “primary inputs” have been transformed into “operational inputs” needed to implement the 

commitment in the model as shown in Table 2.3. This means that the cost reductions (in € in year 

2016 current prices) were averaged for each country (applicants’ origin) and sector combination. 

There are 28 EU countries and 30 NEMISIS sectors.4  

                                                 

4 The sectors are based on the aggregation of NACE rev 2, division 2, in concordance with the sectoral 

nomenclature of the model. The concordance table between NACE rev 2 and NEMESIS sectors is displayed in 

appendix 9 of D10.2). 
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Table 2.3  List of “Operational inputs” Transmitted to SEURECO for the Integration of 

Commitment C14 in NEMESIS  

Commitment 

Nb: 

Thematics: Entries in NEMISIS List/description of operational inputs that will be 

provided 

 

C14 

 

Actions to Market 

 
1- Price of innovation linked 

to R&D (E18 in appendix 8 

of D10.2): 𝑃ARD𝑐𝑖𝑡 =
𝑃𝑅𝐷𝑐𝑖𝑡

𝐴𝑗𝑐𝑖𝑡
∙

𝑌𝑐𝑖𝑡

𝜆𝑐𝑖
, with 𝑃𝑅𝐷𝑐𝑖𝑡 the price of 

R&D 

 

 

Input OI1cs: Estimation of the fall in patent renewal 

fees, translation fees, validation and publication 

fees and attorney fees in the different EU countries, 

in million Euros, of passing from the EP to the UP 

system. The methodology used to build this input 

allows to provide annual time series from 2014 to 

2050, with also a sectoral dimension fitting with 

NEMESIS sectoral nomenclature. 

Source: I3U Document D10.2- Integration in Macro Sectoral Model for C14 (page 90). 

For commitment C14, we have one operational input, abbreviated as OI1cs where the subscript c is 

an index for the country in which the firm is registered (i.e. the applicants’ origin) and s the index for 

sectors. Since the input for NEMISIS consists of 30 sectors for each of the 28 countries, the data 

provided will be in the form of 840 country-sector combinations, for three different scenarios (UP-

Brexit, UP-16 and UP-28) and four separate cost calculations (translation, renewal, total and total 

including attorney). Here however, we restrict ourselves to selected descriptive statistics.  

Table 2.4 shows the total absolute change in costs (i.e. the sum for all patents) under the three 

different scenarios by applicants’ origin. Under the UP-16, translation would cost European 

applicants €1.98 million more in total. The primary reason that translation costs more is because a 6-

12 year transitional period requires a UP applicant to submit a translation into one other language 

of any UP participating member state. In the majority of cases, this means that the applicant has to 

provide an additional translation, since the majority of the UP-Actual patents currently select 

countries with low or no translation requirements. However, if translation requirements will 

eventually be replaced by machine translations, then costs will fall. 
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Table 2.4  Total absolute change in costs (for all patents) by Applicants’ Origin in Million € 

(Reference costs: EP-Actual patent) 

 

Source: Own calculation. 
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The change in renewal fees will save European applicants €-24.39 million under the UP-16. This seems 

like a lot but in relative terms, it is far less than one would expect, as can be seen by the substantially 

higher savings that will be realised in total patenting costs (€-79.47 million), despite total costs only 

including the, on average marginally small, validation and publication costs in addition to translation 

and renewal fees. This stark increase is primarily driven by German applicants. Again this is because 

German applicants currently spend relatively little on translation and renewals, amplifying the savings 

when including validation and publication fees by then multiplying by the sheer number of 

applications from German applicants. German firms accounted for 52% of all the applications. 

In order to make a more representative comparison, Figure 2.2 shows the average absolute change 

in total costs per patent (reference costs: EP-Actual patent). Now we see that Austrian applicants (AT) 

for example will realise a much larger absolute cost reduction than German applicants (DE) in all 

three scenarios.  

Figure 2.2  Average Absolute Change in Total Costs (Translation + Renewal + Validation + 

Publication Fees) per Patent in Thousand € (Reference Costs: EP-Actual Patent) 

 

Source: Own calculation. 
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Some caution must be taken when looking at the average figures because CY, GR, MT, BG, HU, RO, 

SI, PT, SK, LT, LV and EE all filed less than 100 patents at the EPO in 10 years, and therefore the 

magnitude of the averages may be driven by outliers. Furthermore, Croatian applicants (HR) did not 

file EP patents between 2000 and 2010, therefore this is the only country out of 28 not represented 

in our data. For both these reasons we recommend to implement the absolute cost changes into 

NEMISIS rather than extrapolating the average cost changes to some predicted value of future 

applications. 

Contrary to what had been requested in document D10.2 (appendix 4) we argue that it will not be 

necessary to make assumptions as to which countries will join the UP at different time horizons for 

the implementation on the national dimension into NEMISIS. Note that a firm in a country that has 

decided not to join the UP system or has not yet ratified the UP can already benefit from the UP 

when it becomes effective. That is, it can apply for a UP patent and get protection in all countries 

which are member of the UP system at that time. Of course, if it would also like to get protection in 

its home country, it needs to apply for a domestic patent in addition. Thus, the implementation of 

the UP system will affect all 28 EU member states (but of course to a different degree). Each extension 

of the UP system by adding additional countries would affect all 28 EU member states again. 

Now we take a look at the descriptive statistics by sector. Firms active in the chemical sector, 

contribute the single largest cost savings, €-42.19 million out of the €-79.47 million total post-grant 

patenting costs under UP-16. Other manufactures as well as the sector agriculture & industry 

machines will save round about €-17 million each. Transport equipment  and office machines on the 

other hand will not benefit financially from the UP-16, facing lump sum increases of +10.6 million 

and +22.71 million respectively if they opt for the UP, which of course is optional.  

Most IPC classes are assigned to sectors in manufacturing, and only a few to service sectors. This also 

means that for most service sectors, the cost reduction is zero since we currently do not have EP 

patents in these sectors based on the concordance tables. The averages per patent by NEMISIS sector 

are presented in Table 2.5, excluding sectors in which no EP patents were filed. 
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Table 2.5  Absolute change in total costs (for all patents) by NEMISIS Sector in Million € 

(Reference costs: EP-Actual patent) 

 

Source: Own calculation. 
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By looking at the average absolute change in total costs per patent (Figure 2.3) we see that the sector 

appears to play a bigger role than the applicants’ origin, due to the larger magnitudes. A patent filed 

in chemicals or construction would cost €-110,000 and €-81,000 less respectively had it been filed 

under the UP-16, all else equal.  
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Figure 2.3  Average Absolute Change in Total Costs (Translation + Renewal + Validation + 

Publication Fees) per Patent in Thousand € by NEMISIS Sector (Reference Costs: 

EP-Actual Patent) 

 

Source: Own calculation. 
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 Quality of Operational Inputs and Sensitivity Analysis 

A number of uncertainties regarding the implementation of the UP calls for a sensitivity analysis 

when feeding the input data into NEMISIS. The first question is when we can expect the UP to take 

effect? It mainly hinges upon Germany and the UK at the moment. If the UP passes the FCC and the 

UK is entitled to join, the UP could become effective soon. We recommend the earliest year of 

effectiveness to be used in NEMISIS to be as of 2020. A less optimistic analysis could assume 

implementation to be postponed to 2030, or even not at all in the foreseeable future.  

The second part of the sensitivity analysis consists of the number of countries that will participate in 

the UP. For this, we provided cost reductions for three scenarios, as was described in section 2.3.1. 

We consider the UP-16 the most likely to get implemented, and one could then make assumptions 

that all 28 EU member states (EU-28) will be participating at some point in the future. 

Furthermore, our cost saving estimations for translation fees are conservative because it is intended 

that after a 6-12 year transition phase, automatic machine translations will abolish the need for any 

translations under the UP. Therefore, NEMISIS could assume translation fees to drop to zero for 

applicants opting for the UP, between 6-12 years after implementation. 

Since the EP and UP will simultaneously coexist, a big question mark remains on the expected 

switching rates from EP to UP. The sensitivity analysis can be performed using anything between a 

0% and a 100% switching rate. If the decision to switch solely depends on financial incentives, then 

we expect 36% of EP patents to opt for the UP, all else equal. 

 Potential for Increasing the Implementation of Commitment 

C14 in the future 

The last request is to assess, when relevant, to what extent the implementation of the commitment 

could be increased in the future (for example in the next 10 years, up to 2026). For the case of the 

Commitment C14 this question is not relevant however, as the question is merely to define at which 

date the UP will be introduced and the different countries that will adopt it. This information was 

already provided above. 
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2.4 Impact of C14 on the Innovation Eco-system  

The Unitary Patent (UP) will change the innovation landscape not solely by reducing the financial 

costs of patenting, but in many other different aspects that are much harder to quantify because the 

effects can be indirect. Since the UP has not yet been implemented it is often very difficult to test 

these effects empirically. This section therefore provides a qualitative analysis, summarizing the 

expected impact of the forthcoming Unitary Patent (UP) on the Innovation Eco-system within Europe.  

There are many channels in which the UP will affect innovation, the economy and society at large. A 

previous deliverable (D9.1, Verspagen et al., 2016) outlined a number of actors in the innovation 

system and specified their typical behaviour patterns for each of the EU member states separately 

based on EU-wide data. D9.3 then goes on to place each EU member state into one of four different 

innovation systems: advanced systems, public policy-led systems, developing systems and lagging 

systems. Here we describe how we expect these different actors to react to the UP and in what ways 

the style of innovation system will support or pose obstacles for the UP.  

 Impact on Actors and Behavioural Roles 

Deliverable 9.1 outlines six different actors; the higher education sector (universities), firms, 

governments, public and semi-public research institutions, the finance sector and consumers. The 

three on which data had been gathered are summarized in Table 2.6. 

The higher education sector (universities) acts as a provider of education through teaching and can 

also perform basic research. Universities performing basic research also file patents, but since they 

are non-practicing entities, they do not patent in order to launch the innovation in the market (unless 

it is a spinoff), but rather with the aim of selling or licensing the patent to firms that will then 

commercialize it. Universities are also largely funded through taxpayers’ money and are therefore 

less dependent on successful market implementation of their inventions. Their success is usually 

measured in other ways. For these reasons we expect the UP to have very moderate direct effects on 

a university’s innovative output, unless one argues that they are also more sensitive to costs. The 

strongest impacts may be expected for research performing, patenting universities. Yet even here, 

the direct financial impact is expected to be moderate because universities would most likely try to 

postpone large payments by trying to sell the patent before national phase entry, which is also the 

point in time where they would have had to make the decision on whether to opt for the UP or the 

traditional EP.  
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Table 2.6  Strengths of Actors for all 28 EU Member States  

Country 

Actor: Higher Education Actor: Firms Actor: Institutes 

R&D Intensity (as % of GDP) 

Teaching Research 
Industry 

 

Science-

Based 

Supply-

Chain 

Driven 

Externally-

Sourcing 
Business Institutes 

Higher 

Education 

Austria Low Low Average++ Strong Strong Neutral 2.11 0.14 0.73 

Belgium Good Excellent Excellent Strong Strong Weak 1.75 0.21 0.5 

Bulgaria Low* Low* Low* Weak Weak Strong 0.52 0.21 0.07 

Croatia Low* Low* Low* Neutral Neutral Strong 0.38 0.21 0.2 

Cyprus Low Good Low Neutral Strong Strong 0.08 0.14 0.25 

Czech Republic Low Low Low Neutral Strong Neutral 1.12 0.37 0.51 

Denmark Average++ Excellent Good Neutral Strong Neutral 1.98 0.08 1.03 

Estonia Low Average Average Neutral Strong Strong 0.64 0.18 0.65 

Finland Average++ Average++ Average++ Strong Strong Neutral 2.15 0.29 0.73 

France Average Average++ Low Neutral Neutral Weak 1.46 0.33 0.46 

Germany  Excellent Excellent Excellent Strong Weak Weak 1.93 0.42 0.49 

Great Britain Average++ Average++ Low Strong Strong - 1.11 0.16 0.45 

Greece Low Low Average Neutral Strong Strong 0.28 0.23 0.31 

Hungary Low Low Low Weak Weak Neutral 0.99 0.19 0.19 

Ireland Average Good Low Neutral Neutral Weak 1.14 0.07 0.34 

Italy Low Low Low Weak Neutral Neutral 0.72 0.23 0.35 

Latvia Low Low Low Weak Weak Strong 0.24 0.16 0.27 

Lithuania Low Low Good Weak Neutral Strong 0.3 0.18 0.54 

Luxembourg Low Good Low Neutral Neutral Weak 0.65 0.36 0.23 

Malta Low* Low* Low* Neutral Neutral Weak 0.51 0.08 0.26 

Netherlands Excellent Excellent Excellent Strong Strong Weak 1.11 0.23 0.64 

Poland Low Low Low Weak Weak Strong 0.44 0.22 0.27 

Portugal Low Average Good Strong Neutral Strong 0.59 0.11 0.59 

Romania Average Low Low Weak Weak Neutral 0.16 0.16 0.06 

Slovakia Low Low Low Weak Weak Neutral 0.33 0.25 0.31 

Slovenia Low Low Average Strong Strong Neutral 1.85 0.29 0.25 

Spain Low Low Low Weak Weak Weak 0.63 0.23 0.34 

Sweden Good Excellent Excellent Strong Strong Neutral 2.12 0.13 0.92 

Source: Verspagen et al., 2016 

There are however a number of indirect effects that could be related. When the UP takes effect, 

patents will be more valuable to firms that will potentially purchase University patents, because they 

can then file them as a UP and thereby seek wider protection for lower costs. Furthermore, firms will 

have a wider pool of university patents that return positive net present values to choose from and/or 
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might be willing to pay more for them. Therefore, the UP may indirectly lead to more university 

inventions being adopted and commercialized in the market but this heavily depends on a well-

functioning market for technologies, which is known to have many frictions that hinder the 

selling/leasing of patents. At the same time, universities know that the net present value is likely to 

increase and therefore they might simply set higher selling prices for their patents, though we think 

this to be the less likely case.   

In contrast to universities, how successful a firm is in generating economic value does depend on 

how successfully they can introduce their innovative products on the market, unless they are also 

non-practicing entities (which does exist). Therefore changes the patent system like the forthcoming 

UP are more important to firms than to universities, so we also expect a stronger reaction from them 

than from universities. Again, it depends on what kind of firm we are talking about. D9.1 classifies 

innovative firms into one of the following three types, based on Community Innovation Survey data; 

science-based innovators, supply-chain driven innovators and externally-sourcing firms.  

Science-based firms undertake a lot of R&D themselves and will therefore benefit the most from the 

UP in the form of reduced patenting costs. Those firms that will opt for the UP will receive patent 

protection in more member states than they would have selected under the EP. This may encourage 

them to tap into new markets and consider commercializing or licensing their inventions in these 

member states they did not consider before. Indirect effects for these firms may be that their returns 

to R&D increase (due to lower costs), which they might reinvest into R&D, possibly stimulating a 

faster pace of technological development. Universities may further support these type of firms 

indirectly because science-based firms may also use university research, whether by active 

collaboration or more passive acquisition.  

Supply-chain driven innovators will most likely be impacted indirectly by the UP in the form of 

knowledge that is passed on from their suppliers as they innovate by co-operating and considering 

information from suppliers of equipment, materials, components or software. Their absorption-

oriented way of innovating means they have the capacity to extend their knowledge from the 

science-based firms. As innovation is, per definition, nonobvious and novel, employees of firms need 

to be kept abreast of technological advancements so as to not lose the absorptive capacity. In this 

sense, universities play an important role for these spillover effects to be realized, by educating the 

future workforce to be capable to absorb this knowledge.  

Externally-sourcing firms use licensed technology, or acquire machinery and equipment. They will 

probably not benefit from any direct effect of the UP unless the cost savings are passed on to them. 

They do not rely to a large extent on self-developed technologies. Still, the larger level or faster pace 

of technological development generated by science-based firms provides them with a larger pool of 
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knowledge that they can source from. This may even stimulate greater competition among their 

suppliers of knowledge. 

Nearly all patents are filed by firms so it will be them that account for a large chunk of the total direct 

cost savings summarized in section 2.2.2. So, if cost savings are passed on to consumers, then we 

can expect that the social costs would be reduced not through lower taxes (which fund the 

universities) but through lower product prices. This is conditional on the UP not hindering 

competition however. 

The impact of the UP on research institutes depends on what extent they file patents. All institutes, 

whether market-driven, research-driven or public interest-driven may or may not patent their 

inventions. Since R&D is positively correlated with patenting, we can look at the R&D intensity (R&D 

as a % of GDP) of an EU country and to what extent this R&D investment comes from the business 

sector (firms), the higher education sector (universities) or the institutes themselves. This is also 

shown in Table 2.6 and gives us an idea to what extent institutes might benefit from the UP compared 

to businesses and universities. 

The effect of the UP on the finance sector is unclear. On the one hand, the UP will provide patents 

with a larger geographical coverage at a cheaper cost, which may make investment in innovative 

projects more attractive as the returns may also be larger.  On the other hand, high patenting costs 

filter out lower value inventions, so the UP might actually make it more difficult for lenders to filter 

out the high- from the low-potential inventions in the larger pool of inventions available in the 

market. Either way, it will be venture capital financing that is most strongly affected, as they are less 

risk-averse than banks and are therefore willing to fund projects with higher uncertainty (such as 

innovation-related projects). 

 Impact on Types of Innovation System 

The extent to which each national innovation system of the 28 EU member states will be impacted 

by the UP will also be determined by the level of development of their innovation systems. The four 

different innovation systems that were characterized in D9.3 are summarized in Table 2.7.   
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Table 2.7  Type of Innovation System for all 28 EU Member States   

Type of 

Innovation 

System 

EU Member State Public Policy Description 

Strongly  

Developed 

Austria 
Weaker role for public policy and the institutes sector compared to other strongly 

developed countries. Universites and institutes are strongly industry-oriented. 

Germany 
Strong emphasis on science-based innovation, supported by public policy and strong 

universities and an institutes sector that works in close recognition of firm interests. 

Denmark Firms tend to be supply-chain driven innovators. 

Finland Intitutes sector and public policy in general are much aimed at firm interests. 

Great Britain Strong orientation on defence and on private firms. 

Belgium 

Netherlands 

Sweden 

No particular emphasis, as it has a rather balanced system. 

Slovenia Weaker University system compared to other strongly developed countries. 

Public  

Policy-Led 

Ireland 

Latvia 

Luxembourg 

Malta 

Public policy geared towards market-based innovation. 

France 

Lithuania 
Public interests and (semi-)public research is at the core of public policy. 

Italy 

Portugal 
 

Developing 

Bulgaria 

Croatia 

Cyprus 

Czech Republic 

Hungary 

Romania 

Slovakia 

Spain 

Firms' innovation depends on external knowledge and competencies. Public policy is 

developed in a stronger way in these countries, which makes them also public policy-led. 

Public policy often runs through (semi-)public research in the institutes sector. 

Lagging 

Behind 

Estonia 

Greece 

Poland 

Public policy weakly developed and does not provide a strong perspective to stimulate 

innovation. 

Source: Summary of D9.3, section 4 (Verspagen, Hollanders, and Noben, 2018). 

By reducing patenting costs and expanding geographical coverage, the Unitary Patent (UP) is 

expected to encourage more innovation and strengthen the international competitiveness of 

strongly developed innovation systems. Since the strongly developed innovation systems are strong 

innovation performers in all three sectors – universities, firms and institutes – synergy effects can be 

expected as institutes and universities generally work in close recognition of firm interests, which is 

further supported by a public policy that is oriented at private firms. There is a risk that developing 

and lagging behind innovation systems will be left behind in terms of international competitiveness 

after the UP is implemented because they will suddenly be confronted with a substantially larger 

number of patents protected in their country (but owned by firms outside their national border). 

Before the UP, they would have been able to use this intellectual property without the need to license 

it. It is difficult to have an idea to what extent this actually plays an important role in their economies. 
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However, as Verspagen et al. describes in D9.3, countries with developing innovation systems can 

benefit from international technology diffusion, conditional on their innovation systems providing 

absorptive capacity. Since the UP intends to make patent documents more readily available in 

different languages, this is expected to stimulate knowledge diffusion, particularly to countries that 

do not have English, German, or French as an official language but have strong absorptive capacity. 

2.5 Conclusion  

In this deliverable, commitment 14 looked at the expected impact that the forthcoming Unitary 

Patent (UP) will have on the Innovation Eco-System in Europe. For the implementation into NEMESIS, 

the absolute changes in post-grant patenting costs were considered by calculating how much the 

current European Patents (EP) cost, and how much they would have cost under the Unitary Patent, 

hypothetically speaking.  

Between 2000 and 2010, a total of €1,197 Million was spent on EP patents post-grant. If these patents 

would have been filed under the UP scenario where all 16 EU member states that have ratified up to 

now participate, then patent applicants would have saved a total of €64 Million (a -4% cost 

reduction). Expected cost reductions are rather volatile though and clear differences emerged across 

sector and applicants’ origin. While Finnish and Danish applicants would have saved around €-45,000 

per patent, British applicants would have only saved around €-12,000, for example. Patents filed in 

the chemical sector will experience the largest cost reductions; their post-grant patent costs would 

have been €-110,000 less on average, whereas the sector office machines would have spent €+10,000 

more on each patent on average under the Unitary Patent. If all 28 EU member states would be part 

of the UP, then the amount of savings under the Unitary Patent would be substantially greater; in 

total €-900 Million less, across all 30 sectors and 28 countries, which represents a -25% decrease in 

post-grant costs. 

Firms will be most impacted as they are the most active in filing patents. Science-based firms in 

particular are expected to see the most direct impacts. Supply-chain driven firms and externally-

sourcing firms may benefit in a more indirect way; by spillovers from the science-based firms or 

research oriented universities. This is conditional on a well-functioning market for technologies, of 

course. Strongly developed innovation systems are likely to support synergy effects between firms, 

universities, institutes and the finance sector and the interaction between them. However, there is a 

risk that developing and lagging behind innovation systems will be left behind in terms of 

international competitiveness after the UP is implemented. Their innovation system will need to 

deliver absorptive capacity in order to make use of the diffusion of technological know-how that will 

be encouraged by the Unitary Patent.  
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3 Regulatory Framework (Commitment 15) 

Sandra Leitner (wiiw) 

3.1 Introduction 

The Innovation Union – as one of the seven flagship initiatives of the Europe 2020 strategy for smart, 

sustainable and inclusive growth – contains 34 commitments (or actions points) which aim at (1) 

making Europe a world-class science performer, (2) removing obstacles to innovation, and 

(3) revolutionising the way public and private sectors work together.5  

As one of the 34 commitments, commitment 15 (C15) focuses on the role of regulations. At EU level, 

instruments of public regulations – which go beyond the mere aim of regulating markets – are EU 

directives, laws, decrees, but also technical norms and standards. Generally, regulations matter at 

every single stage of the complex innovation process (Pelkmans and Renda, 2014). However, 

outdated, inflexible or inefficient rules and regulations could quickly become ‘regulatory failures’, 

producing sub-optimal outcomes. Hence, in view of this, rules and regulations need to be reviewed 

regularly for inconsistencies, regulatory rules need to be constantly screened and carefully adapted 

and new ones need to be implemented in order to provide a coherent legislative framework that 

promotes innovations. This is highlighted in C15, which foresees that: ‘Starting in 2011: EU and 

Member States should undertake a screening of the regulatory framework in key areas, starting with 

those linked to eco-innovation and to the European Innovation Partnerships. This will identify the rules 

that need to be improved or updated and/or new rules that need to be implemented in order to provide 

sufficient and continuous incentives to drive innovation. The Commission will provide guidance on how 

best to organise this screening exercise.’ 

On behalf of the EC, a methodology to assess the effect of the regulatory framework on innovation 

was developed by Peter et al. (2013), which specifies a systematic six-step approach to shed light on 

the complex regulation-innovation interplay and allows policy-makers to perform a gradual, 

systematic evaluation of the effects of regulation on innovation and to formulate concrete policy 

recommendations.6 This methodology was used to screen the regulatory framework of two European 

                                                 

5 See: http://ec.europa.eu/research/innovation-union/index.cfm?pg=intro.  

6 A short guide on the innovation effects of regulation (DG RTD, 2014) is referenced in the EC Better Regulation Toolbox, 

Tool #18: Impacts on R&I, which provides step-by-step guidance on how to implement this six-step approach in any 

regulatory area. 
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Innovation Partnerships (EIPs), namely EIP-Water and EIP-Raw Materials.7 However, until now, no 

such screening exercise has been undertaken in the other EIPs or the key area of eco-innovation. 

In this context, the ensuing paper assesses the role of C15 as part of the European Innovation System. 

Section 3.2 provides a discussion of the actors involved in C15 as well as their interactions and 

capabilities. The different roles of all C15 actors are analysed in section 3.3, while section 3.4 discusses 

where C15 works in the system and what effects can be expected for the various European Innovation 

Systems. Section 3.5 discusses direct, indirect and wider effects of the implementation of C15 and 

presents results from different econometric analyses on the regulation-innovation interplay. Section 

3.6 discusses strengths and weaknesses of C15, while section 3.7 highlights some policy implications. 

Finally, section 3.8 summarises and concludes. 

3.2 System of C15 Actors: Their Interactions and Capabilities 

 Group of Actors  

As outlined in the commitment, the group of actors involved in C15 consists of three parties: 

 The European Commission, which not only initiated the development of a systematic 

screening approach and its application to two pilot areas (EIP-Water and EIP-Raw Materials) 

by independent and objective evaluators, but subsequently also needs to ensure that 

identified detrimental regulatory barriers or deficiencies are addressed and associated policy 

recommendations are taken into consideration through the modification of existing EU 

regulations. 

 National governments (policy-makers, decentralised state bodies, various ministerial bodies) 

assist during any screening process of EU regulations but are also encouraged to conduct a 

screening of their own regulatory frameworks to ensure a regulatory environment most 

conducive to innovation.  

 Stakeholders, such as innovators (companies, public/semi-public research institutes, 

universities) and users (other companies, consumers), who are directly or indirectly affected 

by the regulations under consideration and whose expert advice and insights are therefore 

indispensable in any screening exercise.  

                                                 

7 See Peter et al. (2013) for a summary of results.  

http://www.i3u-innovationunion.eu/


 

D4-3 | Integration in the Eco-System 

 

www.i3u-innovationunion.eu Page 32 of 113 

This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No 645884. 
 

 

 Interaction between Actors in Different Phases of the Screening 

Process 

The interaction between the three C15 actors hinges on the stage of the screening process. During 

the actual screening phase of EU regulations, the EC tends to play a passive role. To guarantee an 

objective and effective screening process, the EC typically outsources this process to independent 

evaluators and only provides the necessary information and data. Since EU and national regulations 

are in general strongly intertwined, any screening of EU regulations also involves the simultaneous 

screening/analysis of national regulations and laws. Hence, in this process, national governments 

provide the relevant information and support. In contrast, stakeholders are actively involved in the 

actual screening process – of either EU or national regulations – and provide views and opinions as 

well as concrete assessments of how they are affected – directly or indirectly – by particular existing 

or potential new regulations.  

During the legislation phase, when, in compliance with recommendations, new legislation measures 

(in the form of specific directives or regulations at EU level) or delegated acts are adopted or existing 

ones are adjusted, the EC plays an active role. During the subsequent regulatory adjustments at the 

national level (which are mandatory in the case of EU laws or directives), both the EC and national 

governments interact intensely to guarantee an effective and efficient adjustment process.  

During the compliance phase, the targeted stakeholders who have to put in place the set of actions 

and behaviours to comply with a specific set of rules, are actively involved and closely communicate 

and interact with policy-makers.  

 Capabilities of Actors 

As concerns C15, the key capabilities of the European Commission lie in its ability (1) to initiate the 

development of a screening approach which allows policy-makers to perform a systematic and 

gradual evaluation of the effects of regulation on innovation and to formulate concrete policy 

recommendations,8 (2) to commission the implementation of screening activities in other areas of 

relevance (as, for instance, foreseen in C15), and (3) to implement regulatory changes to foster 

innovation. The latter capability is particularly strong when public regulations under scrutiny refer to 

EU laws, which override national laws and therefore have to be transposed into national legislation 

                                                 

8 A short guide on the innovation effects of regulation (DG RGD, 2014) is referenced in the EC Better Regulation Toolbox, 

Tool #18: Impacts on R&I, which provides step-by-step guidance on how to implement this six-step approach in any 

regulatory area.  
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by all EU Member States (MS).  

In general, the capabilities of governments for policy-making – including RDI policy-making – 

refer to four different areas: (1) policy design and the ability to identify market failures and to design 

appropriate policies to address them, (2) efficacy of implementation, which requires strong public 

management practices and effective practices for evaluation, adaptation and 

modification/termination of inadequate policies, (3) coherence of policy across the entire National 

Innovation System (NIS), which requires the ability to take an overview of the entire system and 

effectively coordinate across ministries and agencies, and (4) policy consistency and predictability, 

which require structures that nurture innovation policies and institutions over time and a predictable 

environment which encourages long-term investments (Cirera and Maloney, 2017). Government 

capabilities for RDI policy-making are difficult to determine and would require an in-depth analysis 

of the status quo in each individual MS which goes beyond the scope of this paper. Generally, 

however, government capabilities to formulate and implement RDI policies tend to be strongest at 

the technological frontier but become increasingly weaker the further away an economy is from the 

technological frontier.  

Following this line of reasoning, information from the European Innovation Scoreboard is instructive 

in this context as it captures the performance of EU Member States’ (MS) innovation systems as a 

whole and also provides a breakdown of the overall index into four key areas of relevance. One of 

these areas is of particular interest as it captures framework conditions referring to conditions that 

are external to the innovative firm and are in the domain of public policy and governance and can 

therefore be taken as a proxy for (the manifestation of) government public-policy capabilities for 

RDI. In particular, framework conditions refer to three indicators, namely human resources9, attractive 

research systems10, and innovation-friendly environment11. The overall innovation index as well as 

the three components of prevailing framework conditions are reported in Errore. L'origine 

riferimento non è stata trovata.. Generally, for the purpose of interpretation, the higher the score 

the better an MS’ performance in the respective indicator. It shows that, by and large, public policy 

capabilities – as captured by the three indicators of framework conditions – are weakest among the 

new EU MS and the Southern EU MS (such as Greece, Italy, Spain and Portugal), which are further 

                                                 

9 Indicators in the sub-index of human resources comprise (1) new doctorate graduates, (2) population with completed 

tertiary education, and (3) lifelong learning.  

10 Indicators in the sub-index of attractive research systems comprise (1) international scientific co-publications, 

(2) scientific publications among top 10% most cited, and (3) foreign doctorate students.  

11 Indicators in the sub-index of innovation-friendly environment comprise (1) broadband penetration and (2) opportunity-

driven entrepreneurship.  
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from the technological frontier and strongest in the old EU MS plus Slovenia, which are also closer 

to the technological frontier (as captured by the total score of the Innovation Index). 

Table 3.1  Scores in the Total Innovation Index as well as all Sub-components of 

Framework Conditions 

  

Country Total 

Framework conditions 

Human resources Research systems 
Innovation-friendly 

environment 

In
n

o
v
a
ti

o
n

  

le
a
d

e
r 

SE 140.9 185.8 172.3 190.1 

DK 134.1 188.6 180.6 201.2 

FI 128.4 168.3 135.8 174.0 

NL 127.1 143.1 177.4 143.9 

UK 122.9 153.1 170.5 90.1 

DE 121.0 102.5 93.1 93.6 

S
tr

o
n

g
 I
n

n
o

v
a
to

r LU 119.1 121.5 192.4 151.3 

AT 119.1 114.5 141.0 96.7 

BE 118.6 100.3 169.7 119.5 

IE 113.5 129.4 132.5 98.0 

FR 107.1 128.1 131.5 104.3 

SI 95.9 142.8 90.9 100.0 

M
o

d
e
ra

te
 I
n

n
o

v
a
to

r 

CZ 82.7 80.4 73.9 82.4 

PT 81.4 92.2 100.6 134.4 

EE 78.2 100.9 83.8 98.7 

LT 77.8 102.5 31.0 121.6 

ES 76.8 103.2 84.6 108.9 

MT 75.1 52.4 78.5 96.6 

IT 73.7 62.6 85.1 63.1 

CY 73.3 91.9 104.0 46.1 

SK 68.6 79.8 46.9 61.6 

EL 66.9 71.3 90.2 29.4 

HU 66.1 53.6 49.7 81.7 

LV 57.0 77.0 33.6 140.1 

PL 53.7 64.0 29.5 73.2 

HR 53.6 63.9 35.9 41.9 

M
o

-

d
e
st

 

In
n

o
-

v
a
to

r BG 46.6 59.3 25.6 58.1 

RO 33.1 41.1 26.8 78.5 

Source: European Innovation Scoreboard 2017.  

The capabilities of the heterogeneous group of stakeholders, which encompasses innovators (firms, 

public/semi-public research institutes, universities) and users (other companies, consumers), lie in 

their ability to provide relevant information in any screening process as concerns the effects of 

regulations.  
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3.3 Roles of C15 Actors  

The actors involved in C15 play different roles. For their typical behavioural patterns, the taxonomy 

of Verspagen et al. (2018a) is used which foresees different roles for different actors. For the actual 

screening process, the capabilities of regulatory bodies – EU or national governments – are of highest 

relevance. Since the European Commission is not included in the underlying taxonomy as a relevant 

actor in National Innovation Systems and the role of the broad group of stakeholders during any 

screening process is limited to the provision of information, only the roles of governments is analysed 

in what follows. Generally: 

 Governments can either play an active policy role in organising the innovation system 

through the higher education and research institutes sector but also by means of a broad set 

of specific policy instruments which influence and direct firm behaviour. Or, governments can 

also play a facilitating (less active) role aimed at correcting for market failures by means of 

instruments exclusively focused on incentives (such as tax credits), risk sharing for finance, 

and subsidies.  

The particular role governments play in National Innovation Systems is inseparably connected with 

their capabilities for policy-making. More specifically, in view of weak policy-making capabilities, 

governments tend to resort to a supporting role, predominantly aimed at generating (financial) 

incentives for innovators. In contrast, governments with stronger policy-making capabilities tend to 

take an active role in shaping and organising National Innovation Systems. Following this line of 

reasoning, governments in the new EU MS and the Southern EU MS – where RDI policy capabilities 

are relatively weak (see Table 3.1) – take more of a supporting role towards National Innovation 

Systems while governments in the old MS (plus Slovenia) – where RDI policy capabilities are stronger 

– tend to play an active RDI policy role, proactively shaping National Innovation Systems through 

various channels and instruments.  

3.4 Where C15 Works  

In terms of the categorisation of policy instruments outlined in Verspagen et al. (2018b), C15 can be 

regarded as an instrument aiming at conditions which enable innovative activities, or at removing 

barriers which hinder them. In this context, the regular screening of the regulatory framework helps 

identify regulatory barriers in the form of rules and regulations which are obstructive to innovation 

and therefore need to be improved, updated or abolished. Furthermore, it also helps identify 

regulatory vacuums and uncertainties which can significantly hinder innovation and therefore 

necessitate new rules and regulations in order to guarantee conditions most conducive to innovation.  

From an innovation systems perspective, C15 has different effects in different European Innovation 
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Systems (EISs). In particular, Verspagen et al. (2018b) identify four different EISs: 

 Strongly developed for countries with well-developed innovation systems, such as Austria, 

Belgium, Denmark, Finland, Germany, the Netherlands, Slovenia, Sweden and the UK; 

 Public policy-led for countries with well-developed and strong public policy in Science, 

Technology and Innovation (STI) fields but relatively weak private sector innovation, such as 

France, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta and Portugal; 

 Developing for countries where innovators strongly depend on externally sourced 

knowledge and competencies and where public policy is developed in a stronger way, such 

as Bulgaria, Croatia, Cyprus, the Czech Republic, Hungary, Romania, Slovakia and Spain; 

 Lagging behind for countries with weakly developed public policy and a predominance of 

supply-chain driven or externally-sourcing innovators, such as Estonia, Greece and Poland.  

In the context of the four EISs, C15 is expected to be most effective for innovation actors in countries 

with more advanced EISs, such as the Strongly developed and the Public policy-led EISs, where, in the 

presence of strong innovation capabilities, the creation of a more conducive regulatory framework 

has the strongest effects on innovation. However, in view of the relatively weaker private sector 

innovation capabilities in the Public policy-led EIS than the Strongly developed EIS, the overall effect 

of a more conducive regulatory framework is generally stronger among members of the Strongly 

developed EIS.  

In contrast, C15 is expected to be least effective for innovation actors in the weaker EISs, such as the 

Developing and Lagging-behind EISs, where relatively weaker innovation capabilities tend to prevent 

innovators from fully exploiting and profiting from lower barriers and therefore better conditions for 

innovation (see section 3.5 below for a discussion of direct and indirect effects). However, the 

comparatively stronger role of public policy and better policy-making capabilities among members 

of the Developing EIS than the Lagging-behind EIS is a stronger guarantor that any screening-based 

regulatory changes will be implemented more effectively and successfully and that, subsequently, 

effects on innovation will also be stronger, comparatively speaking.  

Hence, all in all, as a consequence of the implementation of C15, the gap between innovators in 

different EISs is expected to widen with innovators in the Strongly developed and the Public policy-

led EISs forging ahead and innovators in the Developing and Lagging-behind EISs following behind 

more slowly.  
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3.5 Direct and Indirect Effects of C15 Through the Example of 

Eco-innovation 

The role of the regulatory framework for innovation as well as its direct, indirect and wider impacts 

are illustrated in Figure 3.1 below. It underscores the importance of regulations for innovations and 

the need to screen the regulatory framework in key areas to guarantee a consistent and coherent 

legislative framework in support of innovations. In particular, it shows that the regulatory framework 

intends to (directly and indirectly) regulate/manage the behaviour of innovation stakeholders 

towards more or different types of R&D activities, new and better (e.g. more resource-efficient) 

innovations, and more and better opportunities for commercialisation. As a consequence and wider 

impact, socio-economic outcomes, such as better economic performance, fewer societal challenges, 

and lower environmental burden, manifest.  

As emphasised above, the activities of C15 aim at conditions that enable innovative activities or at 

removing barriers that hinder them and are expected to be most effective for actors in the Strongly 

developed and the Public policy-led EISs, while leaving behind innovation actors in the Developing 

and Lagging behind EISs. As far as data availability and quality allowed, this assertion was put to the 

test empirically, using eco-innovation as the area of analysis, whose regulatory framework should 

also be subject to a systematic screening process, as foreseen in C15.  
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Figure 3.1  The Role of the Regulatory Framework and Its Direct, Indirect and Wider Effects  

 

Source: Peter et al. (2013).  

The importance and the effects of regulations for eco-innovation12 – as foreseen in C15 – were 

identified empirically by means of a CDM model13 (Crépon et al., 1998) which captures the complexity 

of innovation processes in terms of three different stages and relationships: (1) the drivers and 

determinants of innovation inputs, (2) the relationship between innovation input and innovation 

output, and (3) the relationship between innovation output and firm performance. Methodologically, 

the CDM model is a structural econometric model. It is implemented in a step-wise procedure and 

explicitly accounts for econometric issues that arise from the nature of the data or the model itself, 

such as selection bias or endogeneity. Results are therefore unbiased. The methodological 

                                                 

12 Theoretically, the analysis of the role of regulations for innovations is conducted in the context of the 

so-called Porter hypothesis (Porter and van der Linde, 1995) which states that well-designed environmental 

regulations are needed to induce entrepreneurs to invest in R&D and to eco-innovate, which would not only 

increase their ‘private’ productivity, competitiveness and profitability, but also benefit the society as a whole 

through higher resource efficiency, lower environmental burden and higher quality of life.  

13 Named after their authors Bruno Crépon, Emmanuel Duguet and Jacques Mairesse. 
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framework is outlined in Annex A.  

In general, Figure 3.1 demonstrates that regulations are important at every single stage of the 

innovation process: first, for the decision whether to eco-innovate and, if so, how much to spend in 

terms of eco-R&D to reduce the environmental burden of the firm’s operations (‘R&I activities’ in 

Figure 3.1); second, for the introduction and commercialisation of eco-innovations, such as new eco-

products and/or processes (‘R&I outputs’ and ‘R&D commercialisation’ in Figure 3.1); and third, for 

the performance of firms, which become more competitive, for instance, as a result of the regulation-

induced removal of internal organisational inefficiencies (not shown in Figure 3.1). Generally, 

empirical evidence underscores the importance of environmental regulations for the first stage of 

the innovation process, i.e. the decision to engage in eco-innovation and how much to spend on 

eco-R&D (see, e.g., Kesidour and Demirel, 2012 or Van Leeuwen and Mohnen, 2016). However, in 

view of data restrictions, the ensuing discussion only focuses on the role of regulations for the second 

and third stages of the innovation process. Hence, for the sake of brevity, results are also only 

presented and discussed for the second and third stages of the model. The second stage (‘R&I 

outputs’ and ‘R&D commercialisation’) is captured in terms of (the probability of) successfully 

introduced eco-innovations, while the third stage (socio-economic impact) is captured by means of 

the impact of eco-innovation on labour productivity, as a measure of competitiveness.14  

The underlying analysis is based on the latest Community Innovation Survey (CIS-2014) pertaining 

to the period 2012-2014, which is particularly suited for this analysis as it includes a special section 

on eco-innovation (EI) which not only allows to identify the key impact channels of EI but also its 

economic outcome. However, the analysis refers to two different data sets to best address different 

issues of interest. First, the German MIP (Mannheim Innovation Panel), which allows to differentiate 

eco-innovations by the extent of their environmental impact, is used to shed light on – among other 

things – the role of current and future regulations for EI success and, subsequently, its indirect effect 

on productivity. Second, the sample of anonymised CIS-2014 data available at the Safe Centre in 

Luxembourg for a selected number of EU Member States15 is used to shed light on the direct effects 

of current and future regulations on productivity. This dataset allows to distinguish the four European 

Innovation Systems (EISs) (Verspagen et al., 2018b) and to better bring out differences in regulation-

                                                 

14 Related empirical evidence also points to other socio-economic effects, such as higher growth (Colombelli 

et al., 2015), higher profits (see, e.g., Lanoie et al., 2011 or Rexhäuser and Rammer, 2011), and higher 

employment (see, e.g., Licht and Peters, 2013 and 2014 or Horbach, 2010).  

15 The sample of countries comprises Bulgaria, Croatia, Cyprus, the Czech Republic, Estonia, Finland, France, 

Germany, Greece, Hungary, Italy, Latvia, Lithuania, Luxembourg, Malta, Portugal, Romania, Slovakia and Swede. 

Belgium and Spain had to be excluded from the analysis due to missing information on the EI module.  
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induced productivity effects across EISs.  

In what follows, eco-innovators are defined as firms which introduced a new or significantly improved 

product, process, organisational method or marketing method that creates environmental benefits. 

Furthermore, different types of product16 and process17 EIs are distinguished, to better bring out their 

differences and particularities and determine whether and how the role of regulations differs across 

the different types of product and process EIs. Moreover, regulations are important drivers for the 

introduction of EIs, whose relevance can either be (i) high, (ii) medium, (iii) low, or (iv) zero. For the 

analysis, two different types of regulations are distinguished: (1) ‘present regulations’: this variable 

captures whether the fulfilment of existing environmental regulations was of high or medium 

relevance for the introduction of EI, and (2) ‘future regulations/taxes’: this variable captures whether 

future expected environmental regulations or taxes were of high or medium relevance for the 

introduction of EI. For the full list of variables used in the analysis and their definitions see Table 3.6 

in Annex B. Finally, as determined by the availability of the anonymised CIS-2014 data, the Strongly 

developed EIS comprises Germany, Finland and Sweden, the Public policy-led EIS comprises France, 

Italy, Latvia, Lithuania, Luxembourg, Portugal and Malta, the Developing EIS comprises Bulgaria, 

Croatia, Cyprus, the Czech Republic, Hungary, Romania and Slovakia, while the Lagging-behind EIS 

comprises Estonia and Greece.  

 Regulations and Eco-innovations 

As concerns the indirect effects of present and future expected regulations on EI, results from the 

analysis of the German MIP show that:  

 neither present nor future expected regulations have any statistically significant effect on 

eco-innovations as a whole (see Table 3.2 in Annex B). In the particular German context, this 

is the result of the absence of stricter environmental regulations after 2010 and the lack of 

need of German firms to act in order to comply with stricter environmental regulations.  

                                                 

16 Product EI refers to innovations with the following environmental benefits during the consumption or use of 

a good or service by the end user: (i) reduced energy use or CO2 ‘footprint’, (ii) reduced air, water, noise or soil 

pollution, (iii) facilitated recycling of products after use, and (iv) extended product life through longer-lasting, 

more durable products. 

17 Process EI refers to innovations with the following environmental benefits obtained within the enterprise: 

(i) reduced material or water use per unit of output, (ii) reduced energy use, (iii) reduced CO2 ‘footprint’, 

(iv) reduced air pollution, (v) reduced water and soil pollution, (vi) reduced noise, (vii) replaced a share of 

materials with less polluting or hazardous substitutes, (viii) replaced a share of fossil energy with renewable 

energy sources, and (ix) recycled waste, water, or materials for own use or sale. 
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However, present and future regulations are of varying importance for different types of process and 

product eco-innovations (see Table 3.3 in Annex B), which stresses that regulations are not a one-

size-fits-all type of policy tool. In particular:  

 present regulations generally have a limited effect and only induce eco-innovations that 

reduce air emissions or replace dangerous substances;  

 in contrast, future regulations/taxes stimulate almost all types of eco-innovation and are 

quantitatively most important for process eco-innovations which reduce CO2 emissions, 

replace fossil energy sources with renewable ones or are related to recycling of waste, sewage 

and materials for own use or sale, and for product eco-innovations which increase the lifetime 

of the product.  

Furthermore, EI – which is also induced by regulations, among other things – has wider impacts on 

firm performance. In particular, eco-innovators are significantly more productive than non-eco-

innovators (and non-innovators). However, productivity effects differ by type of product and process 

innovation and can also be negative for some EIs (see Table 3.4 in Annex B for all EIs, in general, as 

well as the different product and process EIs, in particular).  

 Regulations and Productivity 

As concerns the direct effects of regulations – as measured by current or future expected 

environmental regulations which were considered to be of relevance for the introduction of EIs – on 

the productivity of eco-innovators in the four different EISs, the analysis of the sample of anonymised 

CIS-2014 data shows that (see Table 3.5 in Annex B): 

 Labour productivity is generally higher among eco-innovators who considered current and/or 

future regulations of relevance for their decision to introduce innovations with environmental 

benefits, which corroborates the notion that regulation matters for firm performance. This 

positive regulation-performance relationship is statistically significant for all EISs but the 

Lagging-behind EIS. 

 The quantitatively strongest effect is observable for the Strongly developed EIS, followed by 

the Developing EIS and the Public policy-led EIS.  

3.6 Strengths and Weaknesses of C15  

C15 is characterised by a number of strengths and weaknesses. The key strength of C15 lies in the 

clear definition of the underlying motivation for, and the objectives and area of application of 

regulatory screening exercises, which not only facilitates its implementation but also its evaluation 

with respect to associated outcomes and effects. Seen in the broader context of all 34 commitments, 
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it therefore implicitly also takes into account that regulation is not the exclusive defining factor of 

innovations but one of many factors.  

Furthermore, C15 is also fairly advanced in its stage of implementation. As foreseen, a screening 

methodology has already been developed and made available – as part of the EC Better Regulation 

Toolbox – which (1) is flexible enough to screen a large body of related regulations that go beyond 

the sector or issue in scope, (2) allows to assess not only existing regulations but also areas where 

new regulations are being prepared, and (3) can be used for an analysis of related innovation effects 

for any level of regulation (EU, national, regional). As foreseen, the regulatory frameworks of two EIPs 

have already been screened, as part of a pilot exercise, and important insights have been gained.  

However, C15 is also associated with several weaknesses. From a methodological perspective, such 

screening exercises have extremely high information and data needs. But both need not be 

(sufficiently) available in the necessary form and quality, which might undermine the validity of 

findings and recommendations.  

Furthermore, apart from EIP-Water and EIP-Raw Materials, no further screening exercises in the other 

EIPs or eco-innovations have been undertaken until now. This could be related to the fact that these 

areas tend to be very broad and involve several industries and innovations, which makes any 

regulatory screening exercise extremely demanding and probably produces conclusions and 

recommendations that are less reliable and meaningful.  

Additionally, while the regulatory frameworks of two EIPs have already been screened, it is not clear 

or transparent whether and how the associated recommendations are addressed and implemented. 

It would be highly inefficient to stop this process at its most critical phase.  

3.7 Policy Implications 

Generally, in view of the important role of regulations at every stage of the innovation process and 

the detrimental effect of an inconsistent, outdated or inflexible legislative framework, more efforts 

are needed in this direction. In particular, after the development of the systematic six-step 

methodology (Peter et al., 2013) and its application to EIP-Water and EIP-Raw Materials, no further 

efforts have been taken. As a consequence, it appears as if the implementation of C15 has come to 

a halt, immediately after important initial steps have been taken. Hence, to achieve the overarching 

goal of more innovation in a more conducive regulatory environment, it is important to strongly 

push C15 in two directions: first, it needs to be guaranteed that the recommendations derived from 

the screening of the two EIPs (Water and Raw Materials) are also implemented and their effect 

evaluated (despite the difficulty of establishing a clear causal relationship between changes in 

regulatory frameworks and innovative activities and outcomes). Otherwise, if left unconsidered, C15 
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fails in its most critical phase: implementation; second, as foreseen in C15, similar regulatory 

screening exercises need to be conducted in other areas of relevance (other EIPs, eco-innovation, to 

start with). Admittedly, some of these areas are much broader in scope – such as eco-innovation, 

which involves many industries and types of innovations – and therefore more demanding to screen.  

Theoretically, the systematic six-step screening methodology can also be applied at the country level 

to guarantee national regulatory frameworks most conducive to innovation. However, since the 

screening of the regulatory framework is voluntary, it is unlikely that many EU MS actually perform 

this exercise – in view of the substantial costs it causes, the profound capabilities it requires from the 

screeners and the partly limited benefits it creates in some countries in terms of innovative output. 

Countries of the Strongly developed and Public policy-led EISs are still most likely to conduct such 

screening exercises: in general, they not only possess the necessary capabilities to fund and screen 

their national regulatory frameworks, but also derive the most benefit and advantage from more 

conducive and coherent legislative frameworks due to the comparatively superior innovation 

capabilities in the private and public sectors. In contrast, countries of the Developing and Lagging-

behind EISs, whose necessary funding and screening capabilities are weaker and whose benefits from 

more conducive legislative frameworks are comparatively lower as a result of weaker innovation 

capabilities, are less likely to conduct such screening exercises. At their current stage of development, 

countries in the latter two EISs tend to benefit more from efforts towards the improvement and 

increase of innovation and policy-making capabilities than from a more conducive legislative 

framework.  

3.8 Summary and Conclusion 

In order to identify and address regulatory failures, insufficiencies or vacuums, commitment 15 (C15) 

foresees that: ‘Starting in 2011: EU and Member States should undertake a screening of the regulatory 

framework in key areas, starting with those linked to eco-innovation and to the European Innovation 

Partnerships. This will identify the rules that need to be improved or updated and/or new rules that 

need to be implemented in order to provide sufficient and continuous incentives to drive innovation. 

The Commission will provide guidance on how best to organise this screening exercise.’ As envisaged 

by C15, a systematic methodology to assess the effect of the regulatory framework on innovation 

has become available (Tool #18: Impacts on R&I18 of the EC Better Regulation Toolbox19) and the 

regulatory frameworks of two European Innovation Partnerships (EIPs), namely EIP-Water and EIP-

                                                 

18 http://ec.europa.eu/smart-regulation/guidelines/tool_18_en.htm. 

19 http://ec.europa.eu/smart-regulation/guidelines/toc_tool_en.htm. 
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Raw Materials, have been screened and recommendations developed.  

C15 involves three groups of actors. First, the European Commission, whose key capabilities lie in its 

ability to initiate the development of a screening approach, to commission the implementation of 

screening activities in other areas of relevance, and to implement regulatory changes to foster 

innovation. Second, national governments, which assist during screening processes of EU regulations 

but are also encouraged to screen their own regulatory frameworks. Their policy-making capabilities 

– also for RDI – are strongly related to their distance to the technological frontier, and, as suggested 

by the European Innovation Scoreboard, are weaker among new EU Member States and the Southern 

EU Member States (such as Greece, Italy, Spain and Portugal). As a result of relatively weak policy-

making capabilities, governments in these countries also play a passive, facilitating role, which is 

strongly aimed at correcting for market failures by means of instruments exclusively focused on 

incentives. In contrast, policy-making capabilities are stronger among old Member States, where RDI 

policy-making has a longer tradition and governments tend to play an active RDI policy role, 

proactively shaping National Innovation Systems. Third, stakeholders (private, public, semi-public 

innovators and consumers) who are directly or indirectly affected by regulations and whose expert 

advice and insights are indispensable in any screening exercise.  

In terms of the categorisation of policy instruments outlined in Verspagen et al. (2018b), C15 is an 

instrument which aims at conditions which enable innovative activities or at removing barriers which 

hinder them. As such, the implementation of C15 and the resultant more coherent and conducive 

regulatory frameworks are expected to induce effects that differ across European Innovation Systems 

(EISs): in the presence of strong private and public innovation capabilities, a more conducive 

regulatory framework should have the strongest innovation-enhancing effect among members of 

the Strongly developed EIS. In contrast, despite well-developed and strong public policies in STI fields, 

relatively weak private sector innovation keeps members of the Public policy-led EIS from fully 

exploiting the innovation potential that emerges from a more conducive regulatory framework. In 

the Developing EIS and particularly in the Lagging-behind EIS, in view of their even weaker innovation 

capabilities, the innovation-enhancing effect of C15 is even less visible; in these cases weakly 

developed public policy and public-policy capabilities tend to impair the full and efficient 

implementation of screening-induced changes into the regulatory framework.  

The direct, indirect and wider effects of C15 have been analysed with a special focus on eco-

innovation, which, as foreseen in C15, should also be subject to a screening exercise. In consideration 

of data availability and quality, econometric analyses were based on two different CIS-2014 data sets, 

the Mannheim Innovation Panel (MIP) for Germany and the anonymised CIS-2014 which is available 

for a broad set of EU Member States and therefore allows to distinguish between different EISs. 

Results show that regulations matter at different stages of the innovation process. More specifically, 

(1) particularly future expected regulations are related to more eco-innovation, most notably to more 
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process eco-innovation; (2) as a result of regulation-induced eco-innovations (among other things), 

firms become more productive; and (3) the direct productivity-enhancing effect of regulations varies 

across EISs and is strongest for members of the Strongly developed EIS, followed by the Developing 

and Public policy-led EISs. In contrast, no statistically significant relationship is identifiable for 

countries that constitute the Lagging-behind EIS.  

After important initial steps have been taken towards the full implementation of C15 in terms of the 

provision of a systematic screening methodology and its application to two EIPs, the process seems 

to have come to a halt. This implementation failure of C15 is also evident at the level of individual 

EU MS, which are also encouraged to screen their national regulatory frameworks in key areas to 

facilitate and foster innovation. At this juncture, no EU MS has conducted any screening of 

regulations relevant for innovation as foreseen by C15. Hence, to guarantee that C15 is fully 

implemented and the benefits of more coherent and consistent regulatory frameworks can fully 

materialise, further steps need to be taken: (1) recommendations derived from any screening 

exercises also need to be implemented, and (2) the regulatory framework of other important areas 

also need to be subjected to a systematic screening exercise, though some very broad areas, such as 

eco-innovation which involves many industries and types of innovation, might prove particularly 

demanding and difficult to screen.   
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3.10  Annex A: Methodological Framework of the CDM Model  

The first stage of the model consists of two equations that explain firm 𝑖’s decision (𝑖 = 1, … , 𝑁) to 

invest in innovative activities (or not), on the one hand, and if so, how much to spend on these 

activities, on the other. Since expenditures on innovative activities are only reported and observable 

for innovative firms, sampling is no longer random and a selection bias may be incurred if left 

unaccounted for. Hence, to account for this selection bias, a two-step Heckman selection model 

(Heckman, 1979) is estimated, where the following selection equation describes whether or not a 

firm is doing any R&D: 

𝐷𝑟𝑑𝑖 = {
1   𝑖𝑓   𝐷𝑟𝑑𝑖

∗ = 𝑋𝑖
′𝛼 + 휀𝑖 > 𝑐̅

0   𝑖𝑓   𝐷𝑟𝑑𝑖
∗ = 𝑋𝑖

′𝛼 + 휀𝑖 ≤ 𝑐̅
 (1a) 

where 𝐷𝑟𝑑𝑖 is an observed binary variable that is equal to 1 if firm 𝑖 spends on R&D, and 0 otherwise. 

Firm 𝑖 spends on R&D if 𝐷𝑟𝑑𝑖
∗ – an unobservable latent variable which measures the propensity to 

innovate – is above a certain threshold level 𝑐̅. 𝑋𝑖 denotes a vector of explanatory variables relevant 

for the decision to invest in R&D, comprising size (as the exclusion restriction), being part of a 

domestic or a foreign group, operating on international markets, a set of variables that capture the 

firm’s competitive environment, a dummy variable for East and a set of industry dummies. 휀𝑖 is the 

error term.  

Then, conditional on firm 𝑖 engaging in R&D activities, the innovation intensity is given as follows: 

𝑅𝐷𝑖 = {
𝑅𝐷𝑖

∗ = 𝑋𝑖
′𝛽 + 𝜖𝑖

0   𝑖𝑓   𝑅𝐷𝑖 = 0 
 (1b) 

where 𝑅𝐷𝑖
∗ is the unobservable latent variable which reflects R&D intensity, measured as the log of 

R&D expenditures per employee. Furthermore, 𝑋𝑖 refers to a vector of explanatory variables that 

explain R&D intensity and comprise variables such as being part of a domestic or a foreign group, 

operating on international markets, engaging in different types of R&D collaborations (horizontal, 

vertical, lateral), subsidies (from the regional, national government or the EU), a set of variables that 

capture the firm’s competitive environment, a dummy variable for East, and a set of country and 

industry dummies. 𝜖𝑖 is the error term.  

For the purpose of identification, the error terms are assumed to be independently and identically 

distributed as bivariate normal as follows: 

(
휀𝑖

𝜖𝑖
) ~𝐼𝐼𝐷 (

1 𝜌
𝜌 1

), 
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where 𝜌 = 𝐶𝑜𝑣(휀𝑖 , 𝜖𝑖).  

The system of equations (1a) and (1b) is estimated as a generalised Tobit model by maximum 

likelihood. Following Griffith et al. (2006), firm size is used as exclusion restriction in equation (1a).  

The second stage of the model focuses on the innovation production function and analyses eco-

innovations as follows: 

𝐸𝐼𝑖 = 𝑅�̂�𝑖𝛾 + 𝑍𝑖
′𝛿1 + 𝑚𝑜𝑡𝑖𝑣𝑒𝑠𝑖

′𝛿2 + 𝑢2𝑖 (2) 

where 𝐸𝐼𝑖 is a binary variable that is equal to 1 if, between 2012 and 2014, an innovator introduced 

an innovation with an environmental benefit (either obtained within the firm (i.e. process eco-

innovation) or by the end user (i.e. product eco-innovation)), and 0 otherwise. 𝑅�̂�𝑖 is the predicted 

innovation effort taken from equations (1a) and (1b) for the total sample of firms, therefore 

accounting for the fact that firms may engage in some R&D efforts without reporting it, on the one 

hand, and the potential endogenous nature of innovative efforts in the innovation production 

function, on the other. Furthermore, 𝑍𝑖 denotes a vector of explanatory variables, comprising 

variables such as firm size, capital stock (per employee), the share of the workforce with tertiary 

education, a dummy for East, and a set of country and industry dummies. 𝑚𝑜𝑡𝑖𝑣𝑒𝑠𝑖 refers to a vector 

of 8 different motives for the introduction of eco-innovations, while 𝑢1𝑖 and 𝑢2𝑖 are the error terms. 

Methodologically, a probit model is estimated for equation (2). 

The third and final stage of the model determines the effects of eco-innovation on firm productivity. 

Based on an extended simple constant returns to scale Cobb-Douglas production function, labour 

productivity of eco-innovators is determined as follows:  

𝑙𝑛𝐿𝑃𝑖 = 𝐸�̂�𝑖𝜃2 + 𝑊𝑖
′𝜃3 + 𝜐2𝑖 (3) 

where 𝑙𝑛𝐿𝑃𝑖 denotes the log of labour productivity, defined as the log of sales per employee. 𝐸�̂�𝑖 is 

the predicted probability for eco-innovations, which accounts for the endogenous nature of eco-

innovation in the production function. 𝑊𝑖 refers to a vector of additional explanatory variables, 

comprising firm size, physical capital intensity, skills share and a set of country and industry dummies. 

Finally, 𝜐𝑖 is the error term. Methodologically, equation (3) is estimated via OLS.  
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3.11  Annex B 

Table 3.2  Innovation Output: Eco-Innovation (EI) 

  EI (0/1) 

Variables (1) 

R&D intensity 0.056** 

 (1.986) 

Present regulations 0.034 

 (0.894) 

Present taxes, charges or fees -0.016 

 (-0.349) 

Future regulations/taxes 0.050 

 (1.145) 

Public financial support 0.102** 

 (2.308) 

Present or expected demand 0.163*** 

 (3.959) 

Reputation 0.065* 

 (1.770) 

Voluntary actions or standards 0.126*** 

 (3.593) 

Rising costs for energy/other resources 0.114*** 

 (3.637) 

Size -0.003 

 (-0.283) 

International markets 0.026 

 (0.517) 

Domestic group 0.029 

 (0.806) 

Foreign group 0.026 

 (0.456) 

Investment intensity 0.030** 

 (2.548) 

East -0.009 

 (-0.279) 

Industry dummies yes 

Observations 1,442 

Log likelihood -845.25 

Note: Marginal effects (at the mean) are reported.  
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Table 3.3  Innovation Output: By Type of EI 

 Environmental process innovations Environmental product innovations 

 Energy Material CO2 Air 

Water/ 

Soil Noise 

Fossil 

Energy 

Dang. 

Substanc. Recycling Energy Emission Recycling Lifetime 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

R&D intensity 0.033 0.036** 0.039** -0.006 0.004 -0.023* 0.035*** 0.030** -0.013 0.065*** 0.017 0.026** 0.050*** 

 (1.393) (2.165) (2.315) (-0.517) (0.403) (-1.659) (2.651) (2.571) (-0.762) (3.173) (1.246) (2.362) (4.064) 

Present regulations 0.018 0.024 0.013 0.028* 0.016 0.020 -0.027 0.028* -0.015 0.005 0.031 -0.010 -0.014 

 (0.535) (1.059) (0.568) (1.822) (1.057) (1.101) (-1.347) (1.696) (-0.648) (0.193) (1.519) (-0.643) (-0.771) 

Present taxes/charges/fees 0.034 0.020 0.007 0.002 -0.006 0.003 0.001 0.002 0.016 -0.019 0.002 0.035** -0.005 

 (0.971) (0.835) (0.262) (0.094) (-0.406) (0.179) (0.064) (0.112) (0.649) (-0.588) (0.086) (2.236) (-0.275) 

Future regulations/taxes 0.013 0.001 0.064*** 0.037** 0.035** 0.033* 0.058*** 0.018 0.046* 0.038 0.032 0.043** 0.047*** 

 (0.350) (0.038) (2.623) (2.212) (2.417) (1.835) (3.030) (0.960) (1.919) (1.234) (1.488) (2.507) (2.594) 

Public financial support 0.093*** -0.023 0.051** 0.020 0.016 0.006 0.054*** -0.010 -0.001 0.088*** 0.025 0.005 -0.009 

 (2.745) (-0.948) (2.157) (1.367) (1.218) (0.331) (3.021) (-0.583) (-0.060) (3.030) (1.246) (0.322) (-0.485) 

Present/expected demand 0.018 0.057** 0.017 0.015 0.045*** 0.008 0.034* 0.010 0.026 0.111*** 0.092*** 0.043*** 0.062*** 

 (0.529) (2.477) (0.729) (1.038) (3.277) (0.457) (1.854) (0.638) (1.127) (3.868) (4.525) (2.913) (3.521) 

Reputation 0.021 0.019 0.054** 0.035** 0.001 0.015 0.022 0.025 0.029 0.027 0.002 0.029** 0.027 

 (0.679) (0.815) (2.408) (2.241) (0.085) (0.842) (1.296) (1.588) (1.321) (0.951) (0.108) (1.963) (1.437) 

Volunt. actions/standards 0.106*** 0.067*** 0.032 0.004 0.020 0.040** -0.002 0.052*** 0.084*** 0.063** 0.045** 0.030** 0.048*** 

 (3.608) (3.160) (1.450) (0.308) (1.518) (2.539) (-0.096) (3.694) (3.986) (2.397) (2.400) (2.067) (2.928) 

Rising costs for energy 0.119*** 0.055*** 0.024 -0.018 -0.004 -0.000 0.027 0.029* 0.028 0.083*** -0.001 -0.006 0.001 

 (4.226) (2.643) (1.157) (-1.268) (-0.311) (-0.022) (1.608) (1.859) (1.344) (3.332) (-0.054) (-0.428) (0.039) 

Size 0.014* -0.007 0.008 0.006 -0.002 0.008* 0.004 -0.001 -0.009 0.005 0.000 -0.009** -0.003 

 (1.654) (-1.124) (1.311) (1.522) (-0.537) (1.923) (0.780) (-0.145) (-1.543) (0.700) (0.024) (-2.025) (-0.677) 

International markets 0.028 -0.008 0.016 0.030 0.016 0.040* -0.046* -0.023 0.056* -0.037 0.008 0.008 -0.026 

 (0.629) (-0.274) (0.537) (1.427) (0.833) (1.695) (-1.926) (-1.042) (1.779) (-0.975) (0.300) (0.359) (-1.060) 

Domestic group 0.014 -0.013 0.039* -0.014 0.005 -0.016 -0.011 0.002 0.049** 0.027 -0.001 0.030** -0.006 

 (0.484) (-0.618) (1.783) (-0.891) (0.338) (-0.920) (-0.656) (0.123) (2.162) (1.004) (-0.051) (2.050) (-0.337) 

Foreign group -0.016 -0.012 -0.001 0.027 0.016 0.027 -0.078** 0.010 0.035 -0.001 -0.017 0.004 -0.013 

 (-0.328) (-0.353) (-0.024) (1.271) (0.882) (1.146) (-2.465) (0.451) (1.049) (-0.017) (-0.546) (0.155) (-0.506) 
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Table 3.3 continued   

 Environmental process innovations Environmental product innovations 

 Energy Material CO2 Air 

Water/ 

Soil Noise 

Fossil 

Energy 

Dang. 

Substanc. Recycling Energy Emission Recycling Lifetime 

Variables (1) (2) (3) (4) (5) (6) (7) (8) (9) (10) (11) (12) (13) 

Investment intensity 0.022** 0.014* 0.011 0.006 0.009* 0.013** -0.004 0.006 0.007 0.014 0.009 -0.010* -0.002 

 (2.100) (1.793) (1.419) (1.003) (1.721) (2.158) (-0.618) (0.918) (0.895) (1.434) (1.188) (-1.904) (-0.251) 

East -0.029 -0.012 0.016 0.017 -0.003 0.022 -0.020 -0.015 -0.010 0.018 -0.006 0.007 -0.015 

 (-1.017) (-0.571) (0.749) (1.207) (-0.223) (1.455) (-1.226) (-1.033) (-0.468) (0.705) (-0.331) (0.559) (-0.948) 

Industry dummies yes yes yes yes yes yes yes yes yes yes yes yes yes 

Observations 1,442 1,442 1,442 1,442 1,312 1,402 1,402 1,362 1,402 1,442 1,352 1,352 1,402 

Log likelihood -747.39 -545.27 -540.12 -365.13 -282.44 -381.42 -400.54 -367.13 -528.61 -650.65 -430.91 -331.80 -404.89 

Robust z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1. 

Note: Marginal effects (at the mean) are reported.  
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Table 3.4  Effects of Eco-innovation (EI) on Labour Productivity 

  EI Process EI Product EI 

Variables (1) (2) (3) 

EI 0.294***   

 (2.632)   
EI: Energy  1.039**  

  (2.390)  
EI: Material  -1.114**  

  (-2.153)  
EI: CO2  0.347  

  (0.591)  
EI: Air  1.284*  

  (1.690)  
EI: Water/Soil  2.277***  

  (3.388)  
EI: Noise  -1.512*  

  (-1.962)  
EI: Fossil Energy  -3.096***  

  (-7.087)  
EI: Dangerous substances  -0.514  

  (-0.919)  
EI: Recycling  1.080**  

  (2.192)  
EI: Energy   -0.392 

   (-1.214) 

EI: Emission   0.833** 

   (2.003) 

EI: Recycling   0.618* 

   (1.656) 

EI: Lifetime   -0.702* 

   (-1.744) 

Size 0.074*** 0.061*** 0.086*** 

 (5.849) (3.558) (6.179) 

Assets per employee 0.113*** 0.107*** 0.125*** 

 (6.241) (5.579) (6.437) 

Skills share 0.006*** 0.006*** 0.006*** 

 (4.777) (4.875) (4.767) 

East -0.344*** -0.324*** -0.345*** 

 (-7.964) (-6.341) (-7.383) 

Industry dummies yes yes yes 

Constant -0.772*** -0.555*** -0.629*** 

  (-4.820) (-3.133) (-4.105) 

Observations 1,357 1,236 1,273 

Adjusted R² 0.304 0.338 0.305 

Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.  
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Table 3.5  Direct Productivity Effect of Regulations, by European Innovation System (EIS) 

  EIS1 EIS2 EIS3 EIS4 

Variables (1) (2) (3) (4) 

Eco-innovator -1.510*** 0.335** 1.710*** 0.933** 

 (-4.355) (2.002) (9.782) (2.128) 

Regulations 0.116*** 0.032* 0.051* -0.036 

 (3.438) (1.887) (1.825) (-0.573) 

Size 0.124*** 0.082*** 0.025 0.078** 

 (11.074) (6.170) (1.640) (2.172) 

Assets per employee 0.019 0.083*** 0.037*** 0.092*** 

 (1.071) (12.690) (4.249) (5.846) 

Tertiary degree: 1% to less than 5% 0.126** 0.102*** 0.026 -0.075 

 (2.244) (3.996) (0.464) (-0.517) 

Tertiary degree: 5% to less than 10% 0.269*** 0.291*** 0.248*** -0.084 

 (5.018) (10.874) (4.337) (-0.573) 

Tertiary degree: 10% to less than 25% 0.397*** 0.477*** 0.468*** 0.032 

 (8.138) (17.765) (8.439) (0.254) 

Tertiary degree: 25% to less than 50% 0.486*** 0.610*** 0.587*** 0.291** 

 (8.186) (17.952) (9.939) (2.257) 

Tertiary degree: 50% to less than 75% 0.472*** 0.736*** 0.778*** 0.566*** 

 (6.322) (16.789) (11.205) (3.666) 

Tertiary degree: 75% or more 0.503*** 0.673*** 0.723*** 0.432*** 

 (7.054) (13.165) (9.730) (2.838) 

Country FE yes yes yes yes 

Industry FE yes yes yes yes 

Constant 11.939*** 11.041*** 8.732*** 10.362*** 

  (40.049) (79.311) (41.923) (23.687) 

Observations 2,701 10,949 5,339 942 

Adjusted R² 0.312 0.368 0.383 0.224 

Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.  

Note: EIS1 refers to the ‘Strongly developed’ group comprising DE, FI and SE, EIS2 refers to the ‘Public policy-led’ group 

comprising FR, IT, LV, LT, LU, PT and MT, EIS3 refers to the ‘Developing’ group comprising BG, HR, CY, CZ, HU, RO and SK, 

and EIS4 refers to the ‘Lagging behind’ group comprising EE and EL.  
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Table 3.6  List of Variables Used in the Analysis 

Variable Definition 

R&D intensity Log of (internal & external) R&D expenditures per employee 

Size Log of the number of employees 

Fixed assets per employee Log of fixed assets per employee 

Share of employees with 

tertiary degree (MIP) 

In % 

Share of employees with 

tertiary degree (Safe Centre) 

Likert scale: 0-6  

Labour productivity Log of sales per employee 

Eco innovation (MIP) Dummy=1 if firm introduced eco-innovation with a high environmental 

impact, 0 otherwise 

Eco innovation (Safe Centre) Dummy=1 if firm introduced eco-innovation 

Present regulations (MIP) Dummy=1 if the fulfilment of existing environmental regulations was of 

high or medium relevance, 0 otherwise (MIP) 

Present taxes, charges or fees 

(MIP) 

Dummy=1 if existing environmental taxes, charges or fees was of high or 

medium relevance, 0 otherwise 

Future regulations/taxes (MIP) Dummy=1 if future expected environmental regulations/taxes was of high 

or medium relevance, 0 otherwise 

Public financial support (MIP) Dummy=1 if government grants/subsidies/other financial incentives for 

environmental innovations were of high or medium relevance, 0 otherwise 

Present or expected demand 

(MIP) 

Dummy=1 if current/expected demand for eco innovations was of high or 

medium relevance, 0 otherwise 

Reputation (MIP) Dummy=1 if improving the firm’s reputation was of high or medium 

relevance, 0 otherwise 

Voluntary actions or standards 

(MIP) 

Dummy=1 if voluntary actions/initiatives for environmental good practice 

in the firm’s sector was of high or medium relevance, 0 otherwise 

Rising costs for energy/other 

resources (MIP) 

Dummy=1 if rising costs for energy or other resources was of high or 

medium relevance, 0 otherwise 

Regulation (Safe Centre) Dummy=1 if current or future regulations were of relevance for the 

decision to introduce innovations with environmental benefits, 0 

otherwise 

Country (Safe Centre) Dummy=1 for the 19 different countries, 0 otherwise 

Industry Dummy=1 for 11 different 1-digit industries, 0 otherwise 

East (MIP) Dummy=1 if firm is located in Eastern Germany, 0 otherwise 
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4 Standardisation (Commitment 16) 

Bettina Peters (ZEW) 

4.1 Introduction 

 Policy Rationale 

Commitment C16 of the Innovation Union is dedicated to standardisation. In a nutshell, we identified 

two superordinate policy rationales of C16 which are described in more detail in Deliverable D4-2 

(Behrens et al. 2017): stimulating innovation via standards and facilitating trade via standards.  

Standards have become an important ingredient in firm’s innovation activities over the last two 

decades since they represent an important mechanism to disseminate research results and 

knowledge on the state of the art of a particular technology, i.e. they are a mean to spill over 

knowledge to other actors in the innovation system. In addition to its knowledge content, standards 

also reduce firm’s uncertainty about future technological developments. Furthermore, they ensure 

compatibility and interoperability of (component) technologies or technical systems and between 

new products and services (David and Greenstein 1990, Rysman and Simcoe 2008). Undoubtedly, 

this argument has strongly gained importance given the enormous surge in spreading of information 

and communication technologies and digitization of production and it will become even more 

important in the future given the fact that digitization and industry 4.0 is still in its infancy. A better 

interoperability is also likely to spur technical coordination and cooperation among independent 

firms and networking (Rysman and Simcoe 2008). Altogether, standards should better incentivize 

and enable firms to invest in complementary innovations and follow-on innovations (Blind 2013). But 

standards may also change incentives to invest in innovation in the first place as they might increase 

firms’ ex-ante profits from doing research e.g. due to larger expected sales, lower production costs 

as a result of larger economies of scales or expected licensing income (Aoki and Schiff 2014). 

There are also different channels through which standards are supposed to stimulate trade, in 

particular international standards. Export opportunities rise if firms offer their products and services 

in compliance with international standards. An increase in firm’s demand due to larger markets might 

additionally allow the firm to exploit greater economies of scale (Chiao et al. 2007). Both motives of 

stimulating innovation and trade interact and are particularly relevant for newly emerging 

technologies and markets. If firms (and countries) manage to set their technology as international 

standard, they experience a first mover advantage and competitive lead over their international 
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competitors which might also help them to promote the development of complementary novel 

technologies and applications (Blind 2013).  

 Policy Objectives  

Europe has experienced a strong rise in standards since the mid of the nineties.20 Still, EU policy has 

identified the lengthy processes needed to agree upon standards which might prevent European 

firms to become technology-leaders in standardisation as well as the low engagement of small and 

medium-sized companies in standardisation activities as major deficiencies in standardisation 

activities across Europe. In order to achieve the overall goal of stimulating innovation and trade via 

standards, the EU pursues six specific objectives within C16:   

 Better synchronizing research and standardisation activities since either existing standards are 

accounted for at a rather late stage of research or firms do not identify timely enough the 

standardisation potential of their research which both are likely to delay the development 

and commercialization of new products.  

 Speeding-up standard-setting to enable interoperability and foster innovation, especially in the 

light of the rapid development of ICT technologies and a shortening of product life cycles in 

many industries. 

 Increasing the awareness and the use of European standards among SMEs and their 

participation in European standardisation processes, either directly or indirectly via SME 

organisations.  

 Improving stakeholder participation in European standardisation like SMEs or other societal 

organisations representing consumers, employees and the environment.    

 Improving financing of European standardisation, especially improving financing and 

simplifying financial management of the three European Standard Setting Organisations 

(ESO): the European Committee for Standardisation (CEN), the European Committee for 

Electrotechnical Standardisation (CENELEC) and the European Telecommunications 

Standards Institute (ETSI).  

 Fostering ICT and service standards. This prioritization of ICT, in particular related to 5G, cloud 

                                                 

20 This is a worldwide phenomenon and around 70% of the standards set by CENELEC, one of the three 

European Standard Setting Organisations, simply mirror international standards set by other international 

standard setting organisations (European Commission 2010). 
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computing, Internet of Things, data technologies and cybersecurity, as well as service 

standards within the set of possible standardisation activities was formulated as an additional 

objective in the Joint Initiative on Standardisation (JIS) in 2016.  

In the following section 4.2 we will briefly summarize the state of implementation of C16 as well as 

the main findings of the direct impact assessment conducted in Deliverable D4-2 which provide 

important insights for evaluating the impact of C16 on the macro level either using the quantitative 

country-sector model NEMESIS (Boitiers et al 2015, Le Mouël et al. 2016a) or the more qualitative 

Innovation Eco-Systems approach (Verspagen et al. 2016). Section 4.3 explains how C16 could be 

integrated in NEMESIS whereas section 4.4 explains the impact of C16 on the Innovation Eco-System.  

4.2 Direct Impact Assessment: Main Findings  

 State of Implementation  

Overall, the EU has taken several initiatives and actions to implement the core idea of C16 and 

improving standardisation activities in Europe.  

A key policy action was the Standardisation Package in 2011 which led to the implementation of a 

new regulation on European Standardisation (No 1025/2012) that has been in force since January 1, 

2013. This new regulation directly or indirectly addresses many of the objectives. The European 

Commission (EC) can request from the European standardisation organisations to develop European 

standards to support Union harmonisation legislation and policies (mandated standardisation). In 

order to improve planning and transparency and as a result indirectly the speeding of the 

standardisation process, the new regulation requires the EC to publish an annual Union work 

programme for European standardisation (AUWP) which prioritizes and indicates what standards and 

standardisation deliverables the Commission intends to request from the ESOs. These AUWPs have 

been annually published on the EU website since then. Furthermore, it requires more transparency 

on the side of ESOs as well by publishing an annual work programme (AWP) and exchanging draft 

standards between standardisation bodies upon request. Moreover, it aims at fostering cooperation 

activities between European, national and international standardisation. In order to stimulate SMEs 

to engage in standardisation, the ESOs have to identify standardisation projects of particular interests 

to SMEs in their AWPs, provide reduced fees to SMEs to participate in standardisation activities and 

provide free access to draft standards and published abstracts on standards on ESOs’ websites. The 

new regulation also directly specifies how stakeholder organisations may contribute to 

standardisation at different stages of the development of European standards. It finally also changes 

the legal basis for financing standardisation, e.g. by simplifying lump sum payments to and allowing 
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performance-based financing of European SSO and specifying financial rules and eligibility criteria 

for financing of stakeholder organisations in order to o participate in European standardisation. 

Based on that, the EC has selected 4 organisations in 2013 and 2014 to be eligible for EU financing. 

Complementary to the AUWPs, the introduction of ICT standardisation multi-annual Work 

Programmes has been a second key initiative. The first one related to the period 2010-2013. To the 

best of our knowledge these programmes are nowadays called annual Rolling Plans for ICT 

Standardisation. They further detail the requirements for ICT standardisation and necessary actions. 

The Rolling Plan represents the results of the dialogue of the European multi-stakeholders platform 

on ICT Standardisation. It has been set up in 2011 to advise the EC on ICT standardisation and 

identifying ICT standardisation needs. It consists of EU national representatives, European and 

international SOs, societal stakeholder organisations and organisations active in Europe in the field 

of ICT standardisation development.   

As a follow-up of the new regulation, a new Framework Partnership Agreement of the Commission 

with the three ESOs, i.e. CEN, CENELEC and ETSI, has been signed. This agreement includes financing 

based on Key Performance Indicators. One goal is a 50% reduction of the standard development 

time by 2020 (European Commission 2016).  

In order to better synchronize research and standardisation activities, CEN and CENELEC established 

a Research Integration Unit in 2011. One goal is to better inform and advice firms to implement an 

integrated approach called STAIR that considers standardisation in all stages of an innovation project 

and research programme. Another important task of the RIU is to ensure that the European 

Framework Programme H2020 stronger promotes standardisation activities related to R&D and 

innovation in their project calls.  

Finally, the ESOs have made significant investments in ICT and online tools in recent years to better 

inform their members but also other firms and organisations about standards and the potential of 

standardisation. This includes helpdesks, an information tool called BRIDGIT especially to help 

participants in EU-funded research project to better understand the European standardisation 

system and several online tools, especially for SMEs, to explain European standardisation, to access 

and apply standards and to get involved in standardisation activities.  

 Summary of Main Findings  

Deliverable D4-2 performed an assessment of the impacts of C16 in two ways and we briefly sketch 

the main findings in this subsection.  

As a first step, we conducted a direct impact assessment at the EU level by investigating the 
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development of European standards production and the speed of standard-setting procedures. 

Based on the analysis, we can draw the following two main conclusions:   

 The development of standards production at CEN-CENELEC shows an increasing stock of EU 

standards since 2009. This is due the annual standards production which surpasses the 

number of withdrawn or replaced existing standards. The annual standards production has 

slightly increased over time (reported only since 2013). Likewise, the number of Harmonised 

Standards (HD) - European standards developed by the ESO in response to standardisation 

requests from the Commission – has been increased. The annual production of standards 

especially for ICT, however, for which we had observed a strong increase between 1990 and 

2010, has remained rather stable afterwards.  

 European standardisation has become faster. Much of this speeding up has been observed 

at a quite early stage of the IU at around 2010, but ESOs were successful in keeping 

development time at this faster pace. This is true for internally developed standards, technical 

specifications and technical reports. In contrast, development has increased again for 

internationally co-developed standards and technical specification. The opposite pattern, i.e. 

a slow-down in standardisation time is observed for voluntary Work Agreements. 

In a second step, we performed an indirect impact assessment by analysing the (potential) impacts 

of European standardisation on innovation and the commercialisation of innovations. The policy 

rationale outlined by the EU expects a positive impact of standardisation on innovation. However, 

the literature review in Deliverable D4-1 has also outlined several arguments that are put forward in 

the literature why standards may hinder innovation activities (Behrens et al 2016). This ambiguity 

from a theoretical point of view makes an empirical assessment especially valuable. However, micro 

data availability on standards and innovation for EU member states (MS) has been a major obstacle 

for evaluating C16. Combined data on innovation activities and standard setting activities of 

European firms are hardly available for periods before and after the introduction of the Innovation 

Union. An exception is Germany where Community Innovation Survey (CIS) data include information 

on standardisation and innovation for several waves. Thus, the lack of appropriate data restricted 

this part of the impact assessment to only one but the largest of the EU member states (Germany). 

Three major topics have been econometrically addressed and the main findings can be summarized 

as follows.  

 First, we investigated which factors drives firms’ decision to engage in different kinds of 

standardisation activities in the period 2012-2014. Results show that firm size is indeed a main 

driver of engaging in all kinds of standardisation activities and SMEs are less likely to engage 

in standardisation processes. Doubling each firm’s size would on average increase the 

likelihood of participating in formal standardisation committees by 3.1 percentage points 
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(pp). Put together, this supports the goal of C16 to encourage SMEs to participate in 

standardisation processes to be better represented and informed about ongoing 

technological standard-setting endeavours.  

In addition to firm size, own innovation experience in the past is the second main driver of 

firms to engage in standardisation activities, it increases the participation rate by 4.2 pp. 

Exporting also increases the likelihood of engaging in formal standardisation activities (+3 

pp), pointing toward the second main policy rationale of C16 that standardisation is especially 

beneficial for trading firms. In addition to firm characteristics, technology-related 

characteristics also matters. Both high uncertainty about the future technological 

development (+3.3 pp) as well as high substitutability among products (+4.4 pp) fosters firm’s 

participation in formal standard setting committees. In contrast, fast obsolescence of 

technology and products decreases the propensity to participate in standardisation, indirectly 

indicating that timing of standardisation processes is also crucial.    

 Second, we analysed the role of participating in standardisation processes and its impact on 

follow-on innovation and innovation outcomes. The results show that active participation in 

both formal and informal standardisation processes increases the likelihood of future product 

innovation (formal: +7 pp, informal +11.7 pp). This effect is strongest in knowledge-intensive 

services. For SME this holds for both participation in formal and informal standardisation 

processes. For large firms, however, only participation in informal standardisation processes 

matter. The follow-on innovations do not simply reflect product imitations at the firm level 

but participation also stimulates the introduction of market novelties, which are usually seen 

as a more radical type of innovation. There is however no significant evidence that 

participation in standardisation increases the commercialization success with innovation. In a 

nutshell, the results indirectly point towards a positive impact of the IU as there is some 

evidence that participation in formal standardisation committees has increased since 2010. 

 Third, we investigate the role of standards on follow-on innovation using two different 

information. On the one hand, we compare the role of standardisation boards and standard 

documents as knowledge source (spillover channel) for follow-on innovation before (2006-

2008) and after (2010-2012) the start of the Innovation Union in Germany. Overall, we did not 

find a significant change in the standards being a highly important source of knowledge for 

innovation in Germany after introducing IU. More detailed analyses show that the impact 

depends on firm size. Standards as knowledge transfer channel have become more important 

for larger firms with more than 150 employees after the start of the Innovation in Germany 

while their importance has fallen for smaller firms with less than 150 employees. The latter 

result should be interpreted with some caution though. Given the fact that most of the policy 

actions have taken place 2011 or later, the second period 2010-2012 is partly reflecting the 
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pre-Innovation Union situation. A more compelling assessment would be based on a later 

period for which there was no information available at that time.  

On the other hand, we investigated to what extent standards act as barrier to innovation 

before (2008-2010) and after (2012-2014) the introduction of the Innovation Union. The 

likelihood of not starting an innovation because of existing standards declines with firm size 

in Germany and it has significantly become less of an obstacle for small, medium and large 

firms with more than 20 employees standards after the introduction of the Innovation Union. 

Furthermore, the likelihood of abandoning innovation projects because of existing standards 

has significantly fallen after the start of the Innovation Union, particularly so for very small 

firms.  

4.3 Integration of C16 into NEMESIS  

NEMESIS is a country-sector model that is used as a working horse to assess and predict the macro-

level growth impact of different commitments of the Innovation Union separately and altogether 

(Boitier et al. 2015). However, not all commitments can be (easily) incorporated in the model and 

some can be included in principle but finally aren’t because of data restrictions. In order to assess 

whether a commitment is suitable for inclusion, Le Mouël, et al. (2016b) developed a questionnaire 

according to which each commitment should be classified as (i) statement, (ii) unnecessary, (iii) 

candidate or (iv) selected. According to this questionnaire, it was jointly decided to classify C16 as 

candidate. A commitment is classified as candidate if it has precise objectives and if the macro-

economic impacts are expected to be important. Nevertheless, the implementation in NEMESIS 

doesn’t seem to be feasible currently, for instance due to the lack of required data or high uncertainty 

about the size of the direct impact. This section briefly explains the choice of C16 as a candidate for 

NEMESIS.  

C16 is not just a mere statement. As described in subsection 4.2.1, C16 led to several policy actions. 

Based on the literature review in Deliverable D4-1 and the direct impact assessment in Deliverable 

D4-2, these policy changes are likely to have a non-negligible impact on the European and the 

National Innovation Systems as standardisation activities and standard documents are seen as being 

of increasing importance for innovation activities, in particular related to ICT (see also section 4.4). 

Hence, ideally we would like to integrate C16 into NEMESIS.  

Based on the literature review in Deliverable D4-1 and the policy rationale explained in Deliverable 

D4-2, the main expected channels how C16 is likely to affect the European Innovation System can be 

summarized as follows:   

 Spillovers – standards as an important mechanism to diffuse state of the art knowledge; 
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 Reduction of transaction costs through increasing compatibility and interoperability and 

interchangeability which is essential for ICT technologies; 

 Technical coordination and cooperation in innovation; 

 Market harmonization (often called variety control) - related to safety or product quality (which 

may or may not be related to innovation activities) but also related to compatibility and 

interoperability and interchangeability; 

 Lowering overall production costs through achieving economies of scales and reduction of 

maintenance and repair costs – through lowering the number of different types of products; 

 Facilitating trade – in particular through international standards. 

In terms of the NEMESIS model, these effects could be condensed and in principle be translated into 

three main entries how standards affects innovation input decisions:   

 spillovers (lowering costs),  

 higher efficiency of innovation input in generating innovation output (through compatibility 

and interoperability) and  

 higher expected returns (sales) from innovation (through economies of scale, better trade 

facilities). 

Though in principle, the effect of C16 could be modelled within NEMESIS, we are confronted with 

two major problems when it comes to implementation.  

First, the above mentioned channels relate standards to innovation. As a first step, we would thus 

have to estimate the likely impact of the policy actions taken in C16 on the standards productions.  

 The Framework Partnership Agreements with the ESOs, for instance, include a speed reduction 

of 50% by 2020 as one key performance indicator. Up to know, the standardisation processes 

have been speeded up according to the target. This speed reduction is quantifiable in itself 

but as such not relevant to NEMESIS. The improvement is aimed at increasing the number of 

standards. Thus for NEMESIS, its outcome in terms of the (increased) number of standards 

would be more important for instance to gauge potential spillover effects. Despite expecting 

an effect on the number of standards, we observe a decline in the number of new and revised 

ICT-related European standards published by ETSI from around 3000 in 2010 to 2760 in 2017 

at the same time. But irrespective of an actual increase or a decline in the number of 

standards, it seems to be impossible to estimate the counterfactual number of ICT-related 

standards without the policy action. 

 Based on the new regulation, European standardisation organisations shall encourage and 

facilitate an appropriate representation and effective participation of all relevant stakeholders. 
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Up to now, four organisations representing SMEs (SBS-SME), consumers (ANEC), 

environment (ECOS) and workers (ETUI) have been selected to be eligible to EC funding and 

take part in standardisation activities at EU level. Furthermore, the EU has set up a European 

multi-stakeholders platform on ICT Standardisation. It seems, however, impossible to 

quantify the impact of stakeholder participation on quantitative or qualitative standards 

outcome. 

 Synchronizing research and standardisation. Standardisation activities related to the 

development and implementation of research and innovation are stronger emphasized and 

promoted in H2020. The idea is to improve the market adoption of research results. In 

NEMESIS this should be reflected in the parameter (elasticity) relating innovation input to 

innovation output. But financing of standard setting activities in H2020 could also imply less 

financial constraints for innovation activities (lower innovation costs) if firms would have 

undertaken the standard setting activities even without being financed through H2020. Up 

to now, we are not aware of publicly available data that allow monitoring standard setting 

activities and outcomes within H2020. 

Second, we need data in order to estimate the expected effects of standard on innovation. As already 

explained in Deliverable D4-2 and summarized in subsection 4.2.2 the lack of data is a major obstacle 

to integrate C16 into NEMESIS. The literature reviews in Deliverable D4-1 has shown that most of the 

arguments are based on theoretical considerations and there exists only very limited empirical 

evidence on the causal impact of standards on firms’ innovation behaviour. The Community 

Innovation Surveys include some information on innovation and standards, but only for Germany 

and for specific time periods. Though Deliverable D4-2 provided some evidence that there is a 

positive impact of standardisation on innovation in Germany and that is has changed after the 

introduction of the Innovation Union (see subsection 4.2.2), it is difficult to model how and by how 

much a stimulation of standardisation at European level induced by C16 modifies firms’ incentive to 

innovate in the different EU countries and economic sectors 

To sum up, it is currently not feasible to integrate C16 into NEMESIS due to excessive uncertainty 

about the direct impact of the policy on standards outcome and lack of suitable data to estimate 

how standards affect innovation in European Member States.   

4.4 Impact of C16 on the Innovation Eco-System  

This section explains in more detail how we expect C16 to impact the European Innovation System 

(EIS) and National Innovation Systems by Member States (MS). We already summarized the main 

expected impact channels of standards on innovation in the previous subsection. In this subsection 

we follow the approach by Verspagen et al. (2016, 2018) who developed a taxonomy of different 
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actors and their behavioural roles in the innovation process. We explain which actors and which of 

their capabilities and behavioural roles might be affected by the commitment and for which 

innovation systems we expect larger or smaller effects. In order to do so, we summarized the different 

policy actions within C16 into two broad policy areas and reflect on their impact on the innovation 

system separately.  

 Policy Area 1: Improving European Standardisation Procedures  

The new regulation No 1025/2012 together with the implementation of the Multi-stakeholder 

platform and the Framework Partnership Agreements can be viewed as policy actions that are aimed 

at improving the European Standardisation Procedures. In particular, they are directed towards (i) 

speeding-up the standard-setting procedures to increase interoperability and foster innovation by 

increasing the communication and transparency of planned standardisation activities and 

introducing performance-based financing measures for ESOs, (ii)  facilitating the participation of 

SMEs and other societal stakeholders in European standardisation and (iii) improving the financing 

conditions for ESOs and stakeholder organisations.  

According to the innovation systems framework proposed by Verspagen et al. (2016, 2018), these 

policies mainly affect three actors: governments, firms and consumers. We discuss the impact of these 

policies on each of the three actors in more detail in the following subsections.  

4.4.1.1 Role of Governments  

From an innovation systems perspective actions in area 1 can be seen as policies that affect formal 

institutional settings in Europe. Above all else, the policies are working at the EU level. That is, they 

affect first of all the EU government, i.e. European Commission, as well as European institutions. But 

they also affect national institutions to some extent. Even before the new regulation No 1025/2012, 

the European Standard-Setting has been a public-private partnership between the European 

Commission/EFTA on the one hand and the European standardisation organisations (ESOs) on the 

other hand (EU 2016).21 According to Article 2(8) 6 of the regulation No 1025/2012, European 

standards are processed and adopted by three European standardisation organisations: CEN, 

CENELEC and ETSI. Each of the ESOs is an independent, non-profit organisation. At CEN and CENELEC 

European standards are agreed upon by national representatives (national standardisation bodies, 

                                                 

21 Regulation No 1025/2012 amends Council Directives 89/686/EEC and 93/15/EEC and Directives 

94/9/EC, 94/25/EC, 95/16/EC, 97/23/EC, 98/34/EC, 2004/22/EC, 2007/23/EC, 2009/23/EC and 

2009/105/EC of the European Parliament. 
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NSB22) and thus the policy also affects institutions at the Member State level. In contrast, all interested 

parties can become members at ETSI (direct participation approach).   

Verspagen et al. (2016, 2018) differentiate two behavioural roles of government policymakers. They 

can either act as active organizers of the innovation system or as facilitators to correct for market 

failure (see also Dodgson et al. 2011). Policies in area 1 of C16 are an expression of the active 

organizer role of the EU government since the policies are primarily based on the idea of achieving 

a better coordination outside markets rather than addressing a particular market failure problem. 

Given the classification of 26 public policy instruments in Verspagen et al. (2018), the policies in area 

1 are on the one hand financial instruments but on the other hand contain many soft instruments as 

well:  

 Chapter 5, Articles 15-19 of the new regulation No 1025/2012 explicitly deals with the 

financing of European standardisation. Though ESOs’ main task is not to perform research 

themselves - although they can perform research work as preparation for new standards 

according to Article 15(1c) – this policy is similar to “en block” support to universities and 

other research organisations (financial instrument number 1 according to Verspagen et al. 

2018). The regulation specifies for which activities ESOs are financed by the EU and that 

financing takes the form of grants (for actions; w/o or w/ call for proposals). It furthermore 

allows EU financing of national standardisation bodies for the same activities that apply to 

the ESOs undertaken within EU standardisation setting procedures. Finally, it specifies for 

which activities stakeholders that participate in EU standardisation can receive EU financing.   

 In addition to the financing component, the policies include soft components as well. For 

instance, the regulation sets some new codes of conduct for the European Commission in 

providing an Annual Union work programme for European standardisation (AUWPs) that 

contains information about standardisation activities intended to request by the EC for EU 

legislation (Article 1(27)). Another example is the obligation of ESOs to publish an Annual 

Work Programme which details the requirements for ICT standardisation and necessary 

actions (Article 5(2)). It also has to identify and report standards that are particularly 

interesting to SMEs (Article 6(1a)). A third example are rules concerning the exchange of draft 

standards between the different ESOs, NSBs and the Commission set up in Article 4 to 

improve transparency. The overall idea is to improve communication, transparency and 

mutual interaction between different actors involved in the European standardisation 

activities in order to speed up standardisation and to better enable interoperability of 

                                                 

22 NSBs may be either public or private sector organisations, or combinations of the two. 
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technological components.  

Since this policy is mainly affecting government (EC) and institutions (ESOs) at the EU level, we do 

not expect major differences in how it affects national governments and as a result the innovation 

systems at the Member State level.  

4.4.1.2 Role of Firms  

The second main actor of the innovation system that is addressed by the policies in area 1 of C16 

are firms and in particular SMEs. Firms’ primary function in the innovation system is to generate 

innovations. The literature review revealed at least two roles of standards with respect to innovation: 

They can ex post stimulate follow-on innovation due to knowledge spillovers as well as better 

compatibility and interoperability between technologies and products and they can ex ante stimulate 

innovation due to larger rate of returns. The policies work on both sides.  

 On the one hand they are aimed at increasing knowledge spillovers to SMEs. Article 6 of the 

new regulation, for instances, facilitates the awareness and access of SMEs to standards and 

standard documents by (i) forcing the ESOs to identify and publish in their Annual Work 

Programme standards that are of particular interest to SMEs; (ii) giving access to approved 

standardisation documents to SMEs without becoming a member of NSB; (iii) providing free 

access to draft standards (i.e. at an early stage) and (iv) making abstracts of standards 

available free of charge on the ESOs website. This is complemented by help desks and several 

online tools to educate SMEs about European standard setting. As shown in the impact 

assessment in Deliverable D4-2, standards are an important source of knowledge for 

innovation, for instance more frequently used than patents, and SMEs are indeed using 

standards less frequently as knowledge source for innovation. The impact assessment could 

(yet) not provide significant evidence for an increasing use of standards as knowledge source 

in Germany right after the introduction of the Innovation Union. But since these policies need 

time to be implemented and communicated to SMEs, it is more likely that we observe positive 

impacts of these policy changes as time goes by.  

 On the other hand the policies are aimed at increasing the active participation of SMEs in 

standard setting activities. For standards that are handled by CEN and CENELEC participation 

mainly takes place at the corresponding NSB whereas direct membership is possible at ETSI. 

Article 6 of the new regulation also specifies that SMEs should be given membership for free 

or at a reduced rate. Active participation of SMEs should actually ensure that specific SME 

interests are better reflected in new standards. But of course it is also a mean to transfer 

knowledge. Whereas SMEs can access codified knowledge via standard documents, active 

participation in standard-setting meetings is a way of absorbing primarily tacit knowledge 
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provided by other members. The impact assessment in Deliverable D4-2 has confirmed that 

active participation in formal standard-setting organisations increases SMEs’ propensity to 

innovate in future periods.    

According to Verspagen et al. (2016), we can distinguish between four types of firms according to 

their innovation behaviour: science-based innovators, supply-chain innovators (supply-driven or 

specialized suppliers for customers), externally-sourcing firms which rely more on external sources 

of innovation than own R&D and low-profile (occasional) innovators.  We expect that policy area 1 

affects the first three types of innovators in particular.  

 Since standards are a mean to access state-of-the-art knowledge, they are most beneficial 

for externally-sourcing firms which innovation activities rely more on external sources than 

of own R&D. Countries with an Innovation System that strongly relies on external information 

sources are Bulgaria, Croatia, Cyprus, Estonia, Greece, Latvia, Lithuania, Poland and Portugal 

(Verspagen et al. 2016). In these countries firms in general and SMEs in particular might 

benefit from a better access to standards.  

 But the possibility of participating in standard-setting and standardizing own research results 

should also impact science-based innovators which are strong in performing own research 

activities. This would particularly affect the national innovation systems of Austria, Belgium, 

Cyprus, Czech Republic, Denmark, Estonia, Finland, Greece, Netherlands, Slovenia, Sweden, 

United Kingdom. The impact assessment has revealed that active participation in 

standardisation not only increase imitations, but also market novelties which are seen as a 

more radical type of innovation.  

 The policies are aimed at improving the compatibility and interoperability. This feature is also 

important for supply-chain innovators, i.e. either supply-driven or specialized suppliers for 

customers. The results of the impact assessment in Deliverable D4-2 has shown that active 

participation stimulates future innovation in particular in knowledge-intensive services. These 

are service sectors that primarily offer services to other business firms (in this case customers). 

Countries with a high proportion of supply-chain innovators are Austria, Belgium, Cyprus, 

Czech Republic, Denmark, Estonia, Finland, Greece, Netherlands, Slovenia, Sweden, United 

Kingdom (Verspagen et al. 2016).  

4.4.1.3  Role of Consumers   

Finally, policy actions in area 1 also explicitly affect consumers. According to the new regulation, 

consumers are one out of four stakeholder groups whose interests should be better reflected in 

European standardisation. As a result, the consumer organization ANEC was selected as being 

http://www.i3u-innovationunion.eu/


 

D4-3 | Integration in the Eco-System 

 

www.i3u-innovationunion.eu Page 69 of 113 This project has received funding from the European 
Union’s Horizon 2020 research and innovation 
programme under grant agreement No 645884.    

 

eligible to participate in European standardisation. Regarding standardisation consumers are most 

likely interested in improved compatibility and interoperability of technologies or technical systems 

and network reliability since this form of coordination ultimately enables firms to create more 

valuable products and services for consumers (David and Greenstein 1990, Rysman and Simcoe 

2008). Standards also reduce information costs on the consumer side. They allow consumers to 

compare products on a common basis in terms of regulatory characteristics which reduces 

uncertainty about product quality (Jones and Hudson 1996). This increased transparency of product 

information may enhance competition and may indeed encourage firms to improve the quality and 

reliability of their products (David and Greenstein 1990). In addition to ANEC, the environmental 

organization ECOS might also partly reflect consumer interests, for instance in terms of safety or 

environmental requirements which also have to be fulfilled by innovative products. As a result, the 

better reflection of consumer interests in standards should incentivize consumers to early adopt and 

buy new technologies based on these standards. It is, however, empirically hard to assess how strong 

this effect will be. Neither the literature review nor the impact assessment performed in Deliverable 

D4-2 gives any indication about the potential size of this effect.  

 Policy Area 2: Synchronizing Research and Standardisation 

Activities 

C16 involves a second policy area that aims at better aligning research and standardisation activities 

since both activities are often not synchronised. On the one hand, existing standards are often not 

taken into account when drafting research activities (or only at a rather late stage of the research), 

and on the other hand, firms often do not identify the standardisation potential of their research 

outcome (or only at a rather late stage of the research). Within C16, a stronger promotion and 

financing of standardisation activities related to R&D and innovation in H2020 projects as well as a 

Research Integration Unit, help desk and information tool (BRIDGIT) was implemented at CEN and 

CENELEC. Similarly, ETSI developed guidelines on standards to help researchers.   

Policy actions within C16 to better synchronise research and standardisation activities are most likely 

to impact European EIS and MS that are strongly oriented towards research and especially oriented 

towards applied research. Research is mainly conducted by universities, research institutes and firms 

and in the following we discuss how the policies taken in area 2 might influence the behaviour of the 

three actors depending on their behavioural role and the innovation system in total.  

4.4.2.1 Role of Universities 

Universities’ primary functions consist of providing teaching and undertaking research. As a result, 

they have three main behavioural roles in the innovation system (Verspagen et al., 2016): They 
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provide teaching, undertake basic research and offer services to the industry, e.g. by collaborating 

with firms in innovation projects. In MS where universities mainly serve as teaching institutions, this 

policy change associated with C16 is less likely to affect their behaviour and hence the overall 

innovation system. The same is true for countries in which universities have a strong focus on 

research but score low on services to industries. This combination of different behavioural roles is 

most likely to indicate that these universities concentrate on basic research, with no specific 

application in mind. In this stage of the knowledge generating process standards are less important 

and hence we do not expect major changes due to C16 in the innovation system of these countries 

originating from universities. In MS characterized by a university system scoring high on research and 

on services to industry, universities are involved in both basic and applied research. Due to their 

collaborations with industry, e.g. in H2020 projects, these universities might become (more) involved 

in standard-setting procedures. In general, most SSO allow universities to become institutional 

members and they often offer preferential membership fees for specific actors like universities, 

government, small companies and non-for-profit organisations (Baron and Spulber 2018). In a 

recent update of the Searle Center Database on Technology Standards and Standard Setting 

Organisations (SSO), membership data for 191 SSO out of 600 SSO in the sample have been collected 

and included. Their data shows that university membership is still negligible in most of the SSO, 

including the large SSOs. In total, between 2 and 3.5% of the membership observations per year 

relate to universities, with no clear trend over the period 1998 to 2013 (Baron and Spulber 2018).23 

Concerning the ESO CEN, CENELEC and ETSI, SEARLE membership data is only available for ETSI.24 

Own calculations show that 2.2% of the membership observations have been universities in the 

period 2009-2014. This includes European (1.7%) and non-European universities (0.5%). The 

proportion of university membership though has strongly increased over this short period of time 

after the introduction of the Innovation Union, from 1.0% (0.7%) in 2009, to 1.9% (1.3%) in 2010, 3.2% 

(2.6%) in 2013 and has slightly fallen back to 3% (2.3%) in 2014 (number in brackets for European 

university membership).25 But given the overall size of the university membership at SSO, we do not 

                                                 

23 The latter conclusion is drawn upon the total sample of 191 SSO.      

24 ETSI uses a direct participation approach to agree upon standards. In contrast, at CEN and CENELEC European 

standards are agreed upon by national representatives, however interested parties like firms or universities can 

indirectly participate via their NSB. An exception are so called CEN Workshop Agreements (CWA). CWAs are 

open to direct participation of anyone with an interest in the development of the agreement. A CWA though 

does not have the status of a European Standard since it is not obligatory at the national level.  

25 The authors would like to thank Justus Baron, Daniel F. Spulber and Derek H. Gundersen, Searle Center on 

Law, Regulation, and Economic Growth at Northwestern University for sharing the data. Data sources used 

have been “Searle Center Database on Technology Standards and Standard Setting Organizations”, “Mapping 

Patents to Standards Using SEP Declarations” and “Unpacking 3GPP”; see also Baron et al. (2014) and Baron 

and Pohlmann (2015).     
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expect a major impact on the standardisation process in the European Innovation System originating 

from a shift in universities’ behaviour. 

4.4.2.2 Role of Research Institutes 

The line of reasoning is similar for research institutes. According to Verspagen et al. (2016), research 

institutes also fulfil three main behavioural roles in the innovation system. They might mainly 

undertake applied research and collaborate with industry partners (market-driven), their work might 

be mainly driven by research opportunities (research-driven) or they might undertake research with 

a special focus of addressing public interest. Similar to universities, most SSOs allow public research 

institutes to become members. Among the research institutes, especially market-driven public 

research institutes are involved in standard-setting activities and in contrast to universities some 

research institutes do so heavily as Baron and Spulber (2018) documented in a recent study. Among 

the top 50 list of members (companies, universities, research institutes, governments, non-for profit 

organisations) with the highest number of SSO memberships, some public research institutes are 

also present like the German Fraunhofer Gesellschaft on rank 27 or the Korean government-funded 

research institution ETRI (Electronics and Telecommunications Research Institute) on rank 37. Both 

public research institutes have increased their standard setting activities as measured by the number 

of SSO memberships over time. Fraunhofer for instance increased their worldwide SSO participation 

from 1 membership in 1998, to 12 in 2003, 22 in 2008 and even 31 in 2013. Overall, these figures 

point toward the direction that standardisation processes within the innovation system are becoming 

more influenced by market-driven research institutes. We expect this development to take place 

especially in countries which can be characterized by a strong and industry-oriented institute 

landscape like Germany, Finland and Italy, but also in countries where research institutes are of 

smaller overall importance but which are clearly industry-oriented like in Belgium and Latvia (see 

Verspagen et al. 2016).  

4.4.2.3 Role of Firms 

As explained in section 4.4.1 firms’ primary function in the innovation system is to generate 

innovations. We can differentiate four types of firms according to their innovation behaviour: 

science-based innovators, supply-chain innovators (supply-driven or specialized suppliers for 

customers), externally-sourcing firms which rely more on external sources of innovation than own 

R&D and low-profile (occasional) innovators (Verspagen et al. 2016). Again, if the aforementioned 

policy actions with respect to the alignment of research and standardisation activities are effective, 

we would expect the largest impact of C16 to be observed in innovation systems in which firms are 

strongly geared towards science-based innovation, i.e. in countries like Austria, Belgium, Finland, 

Germany, Netherlands, Portugal, Slovenia, Sweden and United Kingdom (Verspagen et al. 2016). 

Analysing the Searle Center membership data for ETSI, the evidence is less clear than for research 
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institutes. The number of companies being member of ETSI has increased from 737 in 2009, to 785 

in 2010 and 807 in 2013 but has than falling quite substantially to 768 in 2014.26 Overall, we observe 

a constant to slight increase in company membership at ETSI. However, given the fact that 

standardisation processes often can only start at a later stage of the research activities conducted 

within H2020 projects and that it also takes some time for companies to become aware of help desks, 

tools and guidelines, we might simply miss the positive effect in the data which ends in 2014.  

4.5 Policy Implications 

Standardization has become an important policy tool within the innovation policy toolbox in recent 

years. Commitment 16 of the Innovation Union was aimed at further stimulating standardization at 

the European level. It has produced several policy actions to improve and speed-up standardisation 

processes in Europe and to increase active participation of firms, especially SMEs and other 

stakeholder groups. Overall, the intended milestones have been reached.  

Initial results from the direct impact assessment indicated that the targeted reduction in speed of 

standardisation was achieved in most internally developed CEN-CENELEC standard categories from 

about 5 years in 2006 to about 2 years in 2016 (EN-European Standards, HD-Harmonised Standards, 

TS-Technical Specifications). The opposite pattern, an increase in development time, however, is 

observed for CWAs and internationally co-developed European standards and Technical 

Specifications at CEN-CENELEC. Interestingly, the latter are both standard-setting procedures for 

which we could expect a larger set of actors due to direct participation (CWAs) or additional 

international standard setting organizations. Policy should observe future development time of 

standards carefully and further streamline processes if necessary. Since the speed of standard-setting 

is one key indicator in order to evaluate the new regulation policy should also make sure that all 

three ESOs report time to publication for their Deliverables.  

Up to now, the policy actions seems to focus on the timing and quantity of standards production 

and less so on the quality of standards, for instance measured by the production of internationally 

leading standards. Prioritizing the standards production in certain areas, like ICT (5G, cloud 

computing, Internet of Things, data technologies and cybersecurity) and services, as it was 

announced in 2016 as a result of the JIS are a sensible action to increase the likelihood of producing 

world-leading standards.  

In order to constitute whether the existing policy actions have sufficiently eased the identified 

                                                 

26 Authors own calculation. 
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bottlenecks of the European standardisation system as intended or whether new policies are 

necessary, a more thorough and rigor evaluation of the existing policies is necessary. Currently, 

evaluation attempts are severely impeded by the lack of suitable data, in particular combined data 

on standards and innovation for all Member States. Policy should work on improving the data 

infrastructure in this area.  

4.6 Conclusion  

This section briefly summarized the main policy rationales and objectives of Commitment 16 of the 

Innovation Union, gave an overview on the policy actions taken in this area and summed up the main 

findings of the impact assessment. Based on these ingredients, we explained how C16 is likely to 

impact the European and National Innovation Systems using the approach by Verspagen et al. 82016, 

2018).  

We summarized the policies in C16 into two broad areas: (i) improving European standardisation 

procedures and (ii) synchronizing research and standardization activities. Whereas area 1 mainly 

affects governments and institutions at the European level, firms and consumers, area 2 is likely to 

affect the behavioural role of firms, research institutions and universities to different degrees. Based 

on the detailed analysis of different actors, their behavioural roles and how they are affected by the 

different policies, the following conclusion can be drawn: Overall, the policies are not uni-

dimensional and are not supposed to work mainly for a specific national innovation system. For 

instance, we expect positive impacts for developing innovation systems. These are characterized as 

depending strongly on external knowledge and a rather weak innovation performance. Improved 

access to standards documents and increased participation especially of SMEs should help firms in 

these countries to better tap into state of the art technologies and further develop own innovative 

capabilities. On the other hand, strongly developed innovation systems are also likely to benefit. 

These are countries with a well-developed innovation system in all parts. Especially those innovation 

systems in which firms and research institute are strongly oriented towards own applied research are 

likely to benefit from the faster and more efficient standardisation process and are more incentivized 

to participate in standardisation activities.       

Finally, C16 on standardization should also be evaluated in connection with C23 which provides 

revised guidelines on horizontal cooperation agreements like standard agreements. In particular, it 

defines specific criteria according to which firms’ standardization agreements will not be considered 

as anti-competitive within the meaning of Article 101(1) TFEU (EC, 2010b) (see Hud 2018). Both 

together should have a positive impact on the standard production and firms’ standardization 

agreement activities.   
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5 Innovative Public Procurement (Commitment 17) 

Paul Hünermund and Bettina Peters (ZEW) 

5.1 Introduction 

Commitment 17 of the European Innovation Union flagship initiative is concerned with exploiting 

the potential of public procurement to stimulate innovation activities by private actors in the 

European Economic Area. In 2013, the average spending on public procurement in OECD countries 

amounted to 12% of GDP, or 29% of total government expenditures (Appelt and Galindo-Rueda, 

2016). Parts of these substantial budgets could be used to foster demand for innovative products or 

services by private firms, which in turn could make investments in research and development (R&D) 

more profitable. 

Innovative public procurement can be categorized in two broad categories: pre-commercial 

procurement (PCP) and public procurement of innovation (PPI). PCP refers to a situation in which a 

government agency buys R&D services from firms with the aim to create novel solutions for 

problems of a public dimension. In particular, PCP initiatives are justified in situations were no market 

solutions already exist or R&D activities entail too much risk to be borne by private actors. On the 

contrary, PPI involves the purchase of already existing innovative products or services by public 

authorities. Because PPI entails an actual transfer of marketable products it is classified as a demand-

side policy, whereas some authors in the literature see PCP as a supply-side measure comparable to, 

for example, contract research (e.g., Edquist and Zabala-Iturriagagoitia, 2012). 

In the following section 5.2 we will briefly summarize the state of implementation of C17 as well as 

the main findings of the direct impact assessment conducted in Deliverable D4-2 which provide 

important insights for evaluating the impact of C17 on the macro level. Section 5-3 than explains 

how innovative procurement is likely to affect different actors of the innovation system and their 

behaviour regarding innovation activities. We follow the innovation systems approach as suggested 

by Verspagen et al. (2016, 2018).  

5.2 Direct Impact Assessment: State of Implementation and 

Main Findings  

C17 of the EU’s Innovation Union flagship initiative aims at strengthening the use of public 

procurement as a policy tool to enhance innovation across Europe. Three main policy actions were 

planned and have been realised within C17:  
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 The European Commission provides guidance for public authorities and small and medium-

sized enterprises on public procurement of innovation. 

 The inclusion of public procurement related calls for proposals in Horizon 2020. 

 A reform of public procurement directives and improvement of rules for joint procurement 

(Directive 2014/24/EU and 2014/25/EU). 

Deliverable D4-2 performed an assessment of the impacts of C17 in two ways: 

 In order to study the effect of the change in the procurement law (Directive 2014/24/EU and 

2014/25/EU), precisely to study the effect of Innovative Public Procurement (PPI) on 

innovation input and output, we have exploited the unique situation that Germany already 

changed its procurement law in 2009. This reform already included most relevant points (with 

respect to innovation policy) of the current EU legislative reform. In particular, innovation-

related components and technical specifications are explicitly allowed to be included in 

tenders. The quantitative assessment was based on German Community Innovation Survey 

(CIS) data for the period 2010-2012. We estimated the effect of innovation-directed public 

procurement on innovation output (share of sales with new products). 

 We furthermore collected and descriptively analysed the pre-commercial procurement (PCP) 

and innovative procurement (PPI) volumes in Horizon 2020. 

Based on the two analyses, we can draw the following main conclusions: 

 The econometric analysis corroborate a positive association between winning a public 

procurement contract with innovation-related components and firm’s innovation 

performance. Estimates suggest that the share of sales with new products increases by about 

6.9 to 11 percentage point due to innovative procurement, which is also economically 

significant. On the contrary, the analysis does not show a significant impact of other types of 

public procurement contracts on innovation performance.  

 Although causality interpretation is limited due to the availability of only cross-sectional data, 

C17 shows a clear potential of enhancing the competitiveness of European firms and 

stimulating economic growth.  

 However, we have to take into account that only a tiny fraction of firms, at least in Germany, 

are involved in innovation-related procurement tenders. Out of the 19.7 percent of firms that 

won a procurement contract within a period of three years, 13.2 percent conducted 

innovation activities as part of those contracts. This implies for the overall sample that just 

2.6 percent of firms are involved in innovative procurement. This at least currently limits far-

reaching macro-level effects.  
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 PCP and PPI volumes are slowly taking up in H2020. While PCP and PPI were zero in 2014, 

already six projects were implemented through innovative procurement (PCP or PPI) in 2015, 

summing up to EUR 18.5 million.  

5.3 Impact of C17 on the Innovation Eco-system  

Based on the innovation systems approach by Verspagen et al. (2016, 2018), we can identify two 

actors that are primarily affected by the policy actions performed in C17: governments (policymakers) 

and firms. We describe both actors and their behavioural role in more detail in the following to 

subsections.  

 Main Actors Involved in C17  

5.3.1.1 Role of Governments 

Commitment 17 affects public authorities in three distinct ways.  

 First, part one of the commitment aims at providing guidance for policy makers to use 

innovative public procurement more efficiently. It thereby increases awareness and equips 

procurement officers with necessary skills to carry out the new strategic vision for public 

procurement.  

 Second, the quantitative relevance of innovative public procurement is increased by including 

procurement-related calls in the European Framework Programmes for Research and 

Technological Development. Notable achievements were made in this regard. In 2016 to 2017, 

the total budget for PCP and PPI calls in Horizon 2020 was equal to EUR 130 million.27 This 

quantitative dimension is certainly one of the most important ways in which the behavior of 

public authorities is affected.  

 Third, commitment 17 brings along significant changes in a behavioral dimension. The 

revision of directives 2014/247EU28 and 2014/25/EU29 for public procurement at the European 

level puts authorities in a position to include performance and innovation-related 

                                                 

27 See: http://ec.europa.eu/information_society/newsroom/image/document/2016-

41/innovation_procurement_flyer_a4_prop2_3_17927.pdf 

28 See: http://eur-lex.europa.eu/legal-content/GA/TXT/?uri=celex:32014L0024 

29 See: http://eur-lex.europa.eu/legal-content/en/TXT/?uri=CELEX:32014L0025 
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components in calls for tenders. This means that, for the first time, innovative characteristics 

of products and services can be part of the contractual arrangements in the procurement 

process (Czarnitzki, Hünermund, and Moshgbar, 2017). Furthermore, regulatory frameworks 

in different member states of the EU will be harmonized in order to overcome the 

fragmentation of procurement markets across Europe. This should promote cross-border 

procurement activities by firms. Lastly, the access for small and medium-sized enterprises 

(SME) to procurement markets is facilitated by dividing large contracts into smaller lots that 

do not outstrip the capacity of SMEs. 

Two additional aspects concerning the behavior of government bodies are worth mentioning.  

 First, PPI measures are—in principle—able to stimulate innovation activities in the economy 

in a budget neutral way by simply changing the purchase behavior of procurement offices 

and creating awareness for the potential of public demand for innovation. This means that 

no additional money needs to be spent, rather the existing procurement budgets should be 

used in a smarter way (OECD, 2016).  

 Second, in doing so innovative public procurement contributes to the improvement of 

government services and public goods. In particular PPI has the potential to bring about 

significant improvements in areas such as public healthcare, infrastructure, e-government or 

defense, from which a large section of society could benefit.   

5.3.1.2 Role of Firms 

A second large group that is predominantly affected by commitment 17 and the strengthening of 

procurement markets for innovation are private firms. As before, a distinction between PCP and PPI 

should be made. Because of its characterization as a supply-side measure, the impact of PCP on firms 

is comparable to that of R&D subsidies. However, PCP sponsors R&D which is very close to the 

market in order to come up with a viable market solution for a given problem. Moreover, in contrast 

to R&D subsidies, PCP directly and very closely specifies the topic of the commissioned research. 

PPI increases the demand for innovative products and services offered by firms. In a call for tenders 

procurement agencies specify their needs in terms of functional requirements (Edquist, Vonortas, 

and Zabala-Iturriagagoitia, 2015), taking into account innovative components of products and 

performance-related aspects such as life-cycle costs. Subsequently, firms place bids in a procurement 

auction and the most economically advantageous offer under the stated parameters wins. The 

winning firm enjoys a substantial and predictable cash-flow from public demand for its innovative 

products (Lichtenberg, 1988). This effect is measurable by an increase of a firm’s sales with new 

products and services, which is readily available, e.g., in the Community Innovation Survey (see the 
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impact assessment for commitment 17 for an analysis using this data source).  

PPI is able to reduce market uncertainty for suppliers, which often is a strong impediment for the 

success with innovative solutions (Czarnitzki and Toole, 2011). Given the pull from public demand 

for innovative products and services, firms also have larger incentives to invest in R&D.  

Consequently, commitment 17 should also have a measurable impact on firms’ innovation and R&D 

expenditures in the long-run. In the same vein, we would expect an effect on patenting activities if 

the research carried out to meet public demand also produces novel technologies that are patentable 

(i.e., they constitute a sufficiently large inventive step). This latter impact, however, should be taken 

with a grain of salt as the R&D stimulated by public procurement will likely have a strong applied 

focus and rely on already existing technologies. An effect of public procurement on firms’ patenting 

activities might therefore be limited. 

 Strength of the Policies in C17  

The impact assessment for commitment 17, which has been part of this project, showed a 

quantitatively important association between PPI and firms’ sales with new products and services in 

Germany. Thus, there is not only a large potential of public procurement in terms of budget sizes, 

but the new policy tool also seems to be quite effective in stimulating firms’ market success with 

innovations. The conclusion should then be that the strategic shift of utilizing public procurement as 

an innovation policy tool initiated by commitment 17 of the Innovation Union flagship initiative was 

a promising step. 

 Weaknesses of the Policies in C17  

However, there are still several obstacles to overcome in order to reap the full benefits of public 

procurement for innovation.  

First, the implementation of directives 2014/247EU and 2014/25/EU is still pending in many member 

states. Originally the translation into national law was planned until April 2016.30 As a consequence, 

the European Commission initiated formal infringement procedures.31  

Second, in Germany, where respective reforms to fully include PPI in the regulatory procurement 

framework were already achieved in 2009, we still see a very low share of public procurement that 

                                                 

30 See: http://ec.europa.eu/growth/single-market/public-procurement/new/index_en.htm 

31 See: http://europa.eu/rapid/press-release_IP-17-1846_en.htm 
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entails innovation-related components. Within the sample analyzed in the impact assessment of 

commitment 17 the share of German firms that conducted any innovation activities as part of 

procurement contracts amounts to 2.6%. In light of the large positive effect of PPI that was 

established this number is still low and should be increased. 

In addition, there is evidence that even if policy makers use public procurement more strategically 

as a policy tool to stimulate innovation they do so in a too conservative manner (Czarnitzki, 

Hünermund, Moshgbar, 2017). Many procurement offices suffer from excessive levels of risk 

aversion. This is due to a skewed incentive structure in which the benefits of innovative procurement 

accrue to a large section of society but, at the same time, procurers are personally responsible for 

failures (Yeow and Edler, 2012). Therefore, procurement offices often do not engage with very novel 

and path-breaking technologies as they might also involve a high degree of risk and are not yet well 

understood. Likewise, adequate forms of risk management, which could mitigate this problem, are 

still underdeveloped in the public sector (Edler, Rolfstam, Tsipouri, Uyarra, 2015). 

In this regard the combined use of PCP and PPI could be useful to motivate procurement offices to 

seek for more novel and risky solutions (Czarnitzki, Hünermund, Moshgbar, 2017). PCP initiatives 

upstream, in which research tasks could be commissioned to several suppliers and could be 

conducted in stages, are suitable to manage the development risk that would otherwise overwhelm 

single procurement offices. Viable solutions that have been found as a result of the PCP process 

could then be rolled out at larger scale in a subsequent PPI phase. In that way, the full potential of 

innovative public procurement to promote truly creative work by private firms and to stimulate 

radically new innovations that exhibit a large impact on society could be realized. 

5.4 Policy Implications and Conclusion 

Based on the weaknesses identified in the previous subsection, we already identified several 

deficiencies of the current innovative public procurement system in Europe that should be addressed 

by further policy actions in the future. Overall, it is important to continue the efforts in order to 

spread awareness for the new policy tool and to increase the amount of innovation-related public 

procurement tenders across Europe. 

In addition, a major obstacle for assessing the impact of innovative procurement is the lack of data 

on the amount of Innovative Public Procurement (PPI) by MS. It is recommended that the EU MS 

develop a harmonized methodology how to measure PPI expenditures and subsequently collect and 

provide a data research infrastructure on PPI data. A more detailed discussion on the current state 

of data collection and ongoing initiatives is given in Hünermund and Peters (2017).  
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6 Bottlenecks, Challenges and Opportunities for Eco-

Innovation (Commitment 18)  

Sandra Leitner (wiiw) 

6.1 Introduction  

The Innovation Union – as one of the seven flagship initiatives of the Europe 2020 strategy for smart, 

sustainable and inclusive growth – contains 34 commitments (or actions points), aiming at (i) making 

Europe a world-class science performer, (ii) removing obstacles to innovation, and (iii) revolutionising 

the way public and private sectors work together.32  

As one of the various commitments, commitment 18 (C18) focuses on eco-innovation33 (EI) and 

foresees that ‘By early 2011 the Commission will present an eco-innovation action plan building on 

the Innovation Union and focusing on the specific bottlenecks, challenges and opportunities for 

achieving environmental objectives through innovation.’ As such, it focuses on boosting innovation 

that leads to or aims at reducing pressures on the environment and on bridging the gap between 

innovation and the market.  

In this context, end of 2011, the Commission launched the Eco-innovation Action Plan (EcoAP)34, 

which specifies the following seven actions predominantly on the supply side but also the demand 

side, on research and industry as well as on policy and financial instruments:  

(1) putting EI at the heart of EU environmental policy and legislation; 

(2) funding demonstration projects and partnering to more successfully bring technologies with 

low uptake to the market; 

(3) setting new standards to boost EI;  

(4) mobilising funds and support to accelerate EI in SMEs; 

                                                 

32 See: http://ec.europa.eu/research/innovation-union/index.cfm?pg=intro.  

33 The European Commission defines eco-innovation as ‘… any form of innovation resulting in or aiming at significant and 

demonstrable progress towards the goal of sustainable development, through reducing impacts on the environment, 

enhancing resilience to environmental pressures, or achieving a more efficient and responsible use of natural resources’ (EC, 

2011, p.2). 

34 See: https://ec.europa.eu/environment/ecoap/about-action-plan/objectives-methodology.  
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(5) promoting international cooperation (particularly with emerging economies such as China, 

India, Brazil and Russia that offer sufficient market and partnership opportunities); 

(6) supporting the development of emerging skills and jobs as well as related training programmes 

to match labour market needs for green jobs; 

(7) promoting European Innovation Partnerships (EIPs) to promote breakthrough innovations with 

big market potential in key sectors that could contribute to greater resource efficiency.  

In this context, the ensuing report assesses the role of C18 as part of the European Innovation System. 

Section 6.2 provides a discussion of the actors involved in C18 as well as their interactions and 

capabilities. Section 6.3 discusses where C18 works in the system and what effects can be expected 

for the different European Innovation Systems. The different roles of all C18 actors are analysed in 

section 6.4 while section 6.5 analyses direct and indirect effects of C18. Strengths and weaknesses of 

C18 are discussed in section 6.6 while section 6.7 draws some policy conclusions. Finally, section 6.8 

summarises and concludes.  

6.2 System of C18 Actors: Their Interactions and Capabilities 

Generally, the seven actions specified in the EcoAP are implemented through a partnering approach 

between stakeholders, the private and public sector, and the European Commission. Furthermore, a 

High-Level Working Group consisting of representatives from national environment, research and 

industry ministries was put in place as an additional governance body with the task of (i) establishing 

a good cooperation between the institutions of the Member States and the Commission, (ii) advising 

the Commission on the implementation of the EcoAP, and (iii) facilitating the exchange of 

information, experience and good practice on the promotion of eco-innovation.35  

 Group of Actors  

The group of actors involved in C18 is determined by the objective of C18 and the seven actions 

specified in the EcoAP. Since C18 addresses existing bottlenecks and challenges in the eco-

innovators’ business environment, public policy intervention and public policy support are of utmost 

importance. Eco-innovators then benefit from the more conducive conditions. More specifically, the 

following actors are involved in C18:  

 At the supra-national level, the European Commission is the key player as the initiator of 

                                                 

35 See: http://ec.europa.eu/transparency/regexpert/index.cfm?do=groupDetail.groupDetail&groupID=2781.  
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the EcoAP and promoter and facilitator of EI activities. It not only developed and launched 

the EcoAP and is instrumental in the implementation of all seven actions but also makes 

several funding opportunities available for EI (through COSME, Horizon 2020, LIFE, ESIF and 

IP in partnership with the EIB), adopted additional initiatives and programmes in support of 

the EcoAP (such as the Green Action Plan for SMEs, the Green Employment Initiative, the 

Circular Economy Package, the ETV Pilot Programme or EI Fora) and installed and co-financed 

tools to measure and monitor EI performance and progress (such as the Eco-Innovation 

Scoreboard or the open-access, searchable web tool developed by NETGREEN).  

 At the national level, governments of all EU Member States (MS) are the key players which, 

in cooperation with the European Commission, develop and implement policies and 

initiatives that are conducive to EI activities and facilitate the uptake of EI by the market. As 

foreseen by the EcoAP, national governments and policy-makers should be active in the area 

of EU environmental policy and legislation (action 1), in setting new standards (action 3), in 

supporting and co-funding SMEs (action 4), or in supporting the development of new skills 

and jobs to match labour market needs for green jobs (action 6).  

 Furthermore, the finance sector is of importance as an additional source of funding 

(alongside public sector finance), particularly for SMEs (action 4), whose EI activities are often 

hindered by partly substantial funding constraints.  

 Finally, eco-innovators are the key beneficiaries, whose EI efforts and performance benefit 

from the more conducive and barrier-free business environment that emerges, the additional 

funding sources, cooperation, partnering and sales opportunities that become available and 

the better training and greener skills that become possible as a result of the implementation 

of the seven EcoAP actions.  

 Interaction between Actors 

Generally, the European Commission is the key actor and central node in the C18 innovation system. 

It closely cooperates with EU MS. It is the initiator of and key cooperation partner for national MS 

governments and policy-makers for the implementation of EcoAP actions in areas that are typically 

considered to fall within the competence of the state and are of high public interest, relevance and 

impact, such as environmental policy and regulation, standardisation, SME funding, or training for 

green skills and jobs. Furthermore, eco-innovators (in the private, public, research or higher-

education sectors) turn to European Commission funding opportunities to avail of EU funds and 

grants. Since the EcoAP is no funding instrument, the European Commission mobilised additional 

funding programmes for eco-innovation (such as COSME, Horizon 2020, LIFE, ESIF or the Investment 

Plan for Europe) and is therefore an important point of contact for eco-innovators. National 

governments and policy-makers are the second most important actors in the C18 system. They not 

only work towards the improvement of the general business environment for EIs but also actively 
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support eco-innovators through supply-side measures, such as public finance for EI, and demand-

side measures, such as public procurement (PP). As concerns the latter, as of May 2017, 23 EU MS 

have adopted a National Action Plan or equivalent document for Green Public Procurement (GPP), 

encouraging public authorities to purchase environmentally friendly goods, services and works when 

buying from companies. Eco-innovators turn to national governments and the finance sector for 

financial support for EI. For instance, through INNEON, the finance sector has become an important 

source of additional funding for eco-innovative SMEs via venture capital funds or business angels. 

Generally, however, due to the high uncertainty of EI activities and the long payback period of 

investments, the finance sector is (currently) not too involved in the C18 innovation system. Finally, 

eco-innovators are the key beneficiaries in the C18 innovation system. They benefit from the 

reduction/abolishment of obstacles, better funding opportunities and a business environment more 

conducive to their EI activities. 

 Capabilities of Actors 

The key capabilities of the European Commission lie in the initiation, promotion (through EU funds, 

initiatives etc.) and monitoring/evaluation of EU policies such as the EcoAP. However, in terms of the 

enforcement of the actions in the EcoAP, as long as their implementation does not result in new or 

different EU laws or directives which have to be transposed into national legislation by all EU MS, the 

EC cannot force EU MS to take them on board. Instead, the partnering approach adopted for the 

implantation of the EcoAP should guarantee that, in the absence of legally binding EU policies or 

laws, envisaged policies are implemented and progress is made.  

Generally, government capabilities for policy-making refer to four different areas: (i) policy design 

and the ability to identify market failures and design appropriate policies to address them, (ii) efficacy 

of implementation, which requires strong public management practices and effective practices for 

the evaluation, adaptation and modification/termination of inadequate policies, (iii) coherence of 

policy across the entire National Innovation System (NIS), which requires the ability to take an 

overview of the entire system and effectively coordinate across ministries and agencies, and (iv) 

policy consistency and predictability, which require structures that nurture innovation policies and 

institutions over time and a predictable environment which encourages long-term investments 

(Cirera and Maloney, 2017). This also holds for RDI policy-making, which to a large extent also 

depends on complementary capabilities of other actors in the NIS and requires even stronger 

(compensatory) public sector capabilities should those prove inadequate. Generally, government 

capabilities for RDI policy-making are difficult to measure and would require a thorough and in-

depth analysis in each individual EU MS, which goes beyond the scope of this paper. In general, 

however, government capabilities for RDI policy-making strongly correlate with the level of economic 
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and technological development and therefore tend to be strongest at the technological frontier but 

become increasingly weaker further away from the technological frontier. In a similar vein, 

government funding capabilities are an important aspect of government capabilities, particularly 

since private firms tend to underinvest in R&D, which additional public resources intend to mitigate. 

However, such public funding capabilities also strongly depend on the government’s financial 

stability and budgetary room for manoeuvre, which are still rather weak in some EU MS as a result 

of the global financial crisis.  

The capability of the financial (banking) sector in each EU MS – relative to the EU as a whole – is 

captured by means of different performance indicators such as (i) the number of commercial bank 

branches (per 100,000 adults) as an indicator of bank outreach and physical accessibility of banking 

facilities, (ii) the share of non-performing loans (NPLs) as an indicator for the state of the banking 

sector and its ability to grant credits, (iii) the share of domestic credit to the private sector, and (iv) the 

share of domestic credit to the private sector by banks (see Panels A-D in Figure 6.1). The latter two 

refer to financial resources provided to the private sector for investment and growth. Generally, the 

four financial sector indicators need to be understood as reflective of the overall financing capability 

of the financial sector – particularly the banking sector – which, given non-negligible funding 

constraints, need not automatically translate into actual funds and resources made available for 

innovative firms, in general, or eco-innovative firms, in particular. 

All four panels in Figure 6.1 generally point to non-negligible differences across MS and therefore to 

different and very country-specific financial (banking) sector financing capabilities. As concerns bank 

outreach (see Panel A of Figure 6.1), with more than 50 branches per 100,000 adults, physical 

accessibility is high in Luxembourg, Spain, Bulgaria and Portugal but rather low in Finland, Estonia, 

Austria and Germany, with only around 10-15 branches per 100,000 adults. In general, however, a 

decreasing trend is observable in all EU MS – except for Bulgaria, Malta and Slovakia – which points 

to a process of restructuring and consolidation of the European banking sector. With around 5%, 

NPLs are rather low in the EU as a whole. However, the burden of banks with NPLs is particularly high 

in Cyprus and Greece but also in Italy, where the share of NPLs in total gross loans amounts to more 

than 15% (see Panel B of Figure 6.1). Furthermore, except for Cyprus, Greece and Portugal, NPLs are 

generally on the decline in all MS, which should make banks increasingly more willing and able to 

provide credits. Finally, Panels C and D in Figure 6.1 show that the financial sector is an important 

source of funds for the private sector. In the EU as a whole, domestic credit to the private sector 

(total and by the banking sector) amounts to around 100% of GDP. With around 250% of GDP, 

domestic credit to the private sector is particularly high in Cyprus, followed by Denmark (with around 

150% of GDP) and the UK and Sweden (with around 135% of GDP). In contrast, with below 50% of 

GDP, domestic credit to the private sector is very low in Romania, Lithuania and Hungary. However, 

in general, for the EU as a whole as well as the majority of EU MS, domestic credit to the private 
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sector has been falling between 2014 and 2016, most significantly in Ireland, Lithuania and Cyprus. 

In contrast, domestic credit to the private sector has increased in some EU MS, most notably in Latvia 

and Luxembourg. By and large, Panel D in Figure 6.1 reflects domestic credit to the private sector by 

the banking sector and replicates patterns for total domestic credit to the private sector, which 

implies that the banking sector is the key source – if not the sole source – of external domestic funds 

for private sector investments. Hence, due to the very nature of innovative activities as highly risky 

and uncertain with partly long maturity periods, the typically risk-averse banking sector seems to be 

the wrong addressee for fund-seeking innovators/eco-innovators. Instead, the market for venture 

capital (VC) is better suited, particularly for young, technologically innovative, high-growth firms. 

However, in contrast to the United States, the European VC market is still underdeveloped and 

therefore unable to serve as an alternative. In this context, Figure 6.2 gives an overview of VC 

investments in the EU as a whole as well as all individual EU MS. It shows that for the EU as a whole, 

VC investments between 2013 and 2015 only amounted to 0.06% of GDP. This is the combined result 

of VC investments being higher in some EU MS, amounting to around 1% of GDP in 2015 in Estonia, 

Finland, Latvia, the Netherlands, Sweden and the UK, but being particularly low in Bulgaria, the Czech 

Republic, Greece, Italy, Romania, Slovenia and Slovakia with only around 0.01% of GDP. This 

particular aspect is addressed by Commitment 7 of the Innovation Union (IU).  

http://www.i3u-innovationunion.eu/


 

D4-3 | Integration in the Eco-System 

 

www.i3u-innovationunion.eu Page 89 of 113 

This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No 645884. 
 

 

Figure 6.1  Financial Sector Indicators  

 

Note: The number of commercial branches (per 100,000 adults) is unavailable for 2016.  

Source: World Development Indicators (version September 2017), own calculations.  
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Figure 6.2  The European VC Sector  

 

Note: Data unavailable for 2016.  

Source: European Innovation Scoreboard (InvestEurope & Eurostat).  

The capabilities of eco-innovators in the C18 system are captured by means of information collected 

by the Eco-Innovation Scoreboard (Eco-IS) which assesses the EI performance across all EU MS 

through 16 different indicators grouped into five thematic areas.36 Information from the five areas 

also feed into a composite index which reflects the overall EI performance of individual MS. From the 

Eco-IS, two indicators (reflective of two different thematic areas) are used: (i) EI activities, which 

illustrate to what extent companies (in the private sector) are active in and successfully introduced EI 

(as measured by the share of enterprises that introduced an innovation with environmental benefits 

obtained within the enterprise or by the end-user and the ratio of ISO14001 registered organisations) 

and (ii) EI outputs, which quantify the outputs of EI activities (as measured by the number of EI-related 

patents, academic publications, and media coverage). Both measures are reflective of the intensity 

and success of EI activities and therefore capture the ‘revealed’ capability of eco-innovators in the 

EU MS to develop EI, subject to prevailing conditions (such as environmental policy and legislation, 

EI funding opportunities, industry-science/research relationships etc.). For the purpose of the 

                                                 

36 The five areas comprise EI inputs, EI activities, EI outputs, resource efficiency outcomes, and socio-economic outcomes.  
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analysis, scores for 2011 (which coincides with the launch of the EcoAP) and 2017 (i.e. the latest 

available year at the time of writing) are compared to track changes across time.  

To give an overview of the overall EI performance, the overall composite EI index for all EU MS – plus 

the EU average – is depicted in Figure 6.3 below. It points to partly pronounced EI performance 

differences across eco-innovators in the EU. Generally, in 2017, the Scandinavian EU MS plus 

Germany, Luxembourg and Slovenia form the group of EI leaders (with overall scores significantly 

higher than the EU average). This is followed by a large group of average EI performers (with scores 

around the EU average), predominantly comprising old EU MS, but also Malta. Finally, there is a large 

group of countries catching up in EI (with scores around 85% or less compared to the EU average), 

almost exclusively consisting of new EU MS, but also comprising Greece and Belgium, which rank 

among the better performing countries catching up in EI though. Relative to 2011, the majority of 

countries remained in their respective groups. Exceptions are Spain, Austria and Ireland, which have 

all left the group of EI leaders and joined the group of average EI performers. Similarly, Belgium has 

dropped out of the group of average EI performers and joined the group of countries catching up in 

EI while Malta succeeded in joining the group of average EI performers. Finally, Slovenia has 

improved markedly and become an EI leader in 2017.  

Figure 6.3  Eco-innovation Index: 2011 (dots) and 2017 (bars) 

 

Source: Eco-Innovation Scoreboard.  

The capabilities of eco-innovators are depicted in Figure 6.4 in terms of both EI activities (left panel) 
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and EI output (right panel) for 2011 and 2017. Furthermore, Table 6.1 provides a decomposition of 

both measures into their respective components and therefore not only shows the relative 

importance of each component for the total score of each MS but also identifies areas where 

individual MS either lead or lag behind other MS. As concerns eco-innovators’ capabilities to 

innovate, information on successfully introduced EI (as captured by ‘Enterprise’ and ‘End-user’) and 

scientific output of EI (as captured by ‘Patents’ and ‘Publications’) is the most meaningful for this 

purpose. Furthermore, what becomes apparent from Table 6.1 is the prevalence of missing 

information for some of the countries, which affects the overall score and the relative position of 

some MS in the overall sample. This is particularly pronounced for the measure on EI activities, which 

should therefore be taken with a grain of salt.  

By and large, both panels in Figure 6.4 show that EI capabilities are strongest in the group of EI 

leaders, plus a few countries from the groups of Average EI performers and of countries Catching up 

on EI. In particular, Austria, Portugal and the Czech Republic all show strong EI capabilities as 

measured by EI activities, while Greece and Spain have strong EI capabilities as measured by their EI 

outputs. However, the high ranking of the Czech Republic, Greece and Spain is the result of high 

scores in areas that are less reflective of EI capabilities per se but more of EI awareness (as measured 

by ISO 14001 registered organisations) or the public discourse on EI (as measured by EI related media 

coverage) (see Table 6.1). Furthermore, among EI leaders, Denmark is an interesting case: While it 

performs well in terms of EI output, it performs quite poorly in terms of EI activities. Table 6.1 below 

shows that this discrepancy is not driven by missing information but is instead the result of the low 

success of Danish companies in introducing EI. This suggests that Denmark’s EI capabilities are 

stronger in science (i.e. scientific publications and EI patents) but rather weak in the private company 

sector.  
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Figure 6.4  Eco-innovation Activities and Output: 2011 (dots) and 2017 (bars) 

 

Source: Eco-Innovation Scoreboard.  

Moreover, both Italy and Lithuania have average EI capabilities with average scores in both EI 

outcome measures. In the Italian case, this ranking is however predominantly determined by the high 

scores in areas such as ISO 14001 registered organisations or EI-related media coverage, which, in 

the narrower sense, are both less reflective of (private sector or scientific) EI capabilities.  

There is also a large group of countries with medium-to-low EI capabilities, characterised by a 

combination of average scores in one relevant EI measure but low scores in the other. In this respect, 

Malta, Croatia, Slovakia and the UK all have average scores in the EI activities measure but low scores 

in the EI output measure, which seems to suggest that EI capabilities are stronger in the private 

company sector – due to higher success of private companies in introducing IE – than in science – as 

captured by lower IE patenting and IE-related scientific publications. However, some remarks are in 

order. First, the fairly good ranking of Malta and Slovakia in the EI activities measure is mainly due 

to the strong EI awareness among private companies (as reflected by the high score on ISO 14001 

registered organisations) while the ability to develop and successfully introduce EI is fairly weak. 

Second, the score for the UK in the EI activities measure is the result of missing information on private 

sector EI success and therefore needs to be interpreted with caution. Furthermore, Estonia, Latvia, 

Cyprus, the Netherlands, Belgium and France all have low scores in the EI activities measure but 
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average scores in the EI output measure, which implies that EI capabilities are weaker in the private 

company sector than in science. Both Latvia and Cyprus score particularly high in EI-related scientific 

publications, which ranks them 3rd and 5th, respectively, among all EU MS in this category, behind the 

EI leaders Finland, Sweden and Germany and emphasises their strong focus on the scientific and 

methodological discourse on EI. Furthermore, for the Netherlands, Belgium and France, the low score 

in the EI activities measure is the result of missing information on private sector EI activities and 

therefore biased.  
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Table 6.1  Scores in the Components of the EI Activities and Output Measures, by Country 

  Country EI activities Enterprise End-user 

ISO 

registered 

organisations 

EI output Patents Publications Media 

C
a
tc

h
in

g
 u

p
 i
n

 E
I 

BG 37 10 12 127 33 4   98 

CY 39 56 46   113 13 252 107 

PL 17 18 25 3 53 62 28 63 

EE 76 34 42 205 90 57 145 78 

HU 47 27 32 107 13   18 26 

RO 37     165 55 35 32 101 

LV 41 33 41 56 105 26 290 32 

SK 90 43 43 252 33 11 48 45 

HR 93 77 98 112 61 8 71 115 

EL 96 92 139 31 142 24 141 268 

LT 94 88 92 110 93 16 114 168 

CZ 126 84 108 230 49 51 81 17 

BE 11     17 93 42 131 119 

A
v
e
ra

g
e
 E

I 
p

e
rf

o
rm

e
rs

 

MT 116 51 57 330 77   32 131 

NL 38     56 91 83 129 66 

IE 58     85 69 51 168   

FR 10     15 107 181 57 62 

PT 134 149 171 45 100 6 178 143 

UK 87     128 65 65 125 9 

ES 106     156 139 46 103 286 

AT 142 152 193 41 115 165 149 24 

IT 111 90 44 261 112 14 109 235 

E
I 
le

a
d

e
rs

 

SI 124 113 148 104 153 63 249 174 

DK 58 49 57 79 154 189 241 34 

LU 124 128 163 51 220 123 278 286 

DE 151 188 189 25 130 235 87 42 

FI 155 128 198 130 202 228 313 71 

SE 148 112 158 196 182 235 303 6 

Source: Eco-Innovation Scoreboard.  

Finally, as reflected by the low scores in both measures, EI capabilities are weakest in Hungary, 

Bulgaria and Poland as well as Ireland and Romania. In the case of the latter two countries, this is 

partly driven by the absence of any information on private sector EI activities and should therefore 

be interpreted with some caution.  
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6.3 Where C18 Works 

In general, in terms of the categorisation of policy instruments outlined in Verspagen et al. (2018b), 

the EcoAP can be regarded as an instrument which predominantly aims at improving the capabilities 

of and stimulating the interaction between all C18 actors. In view of the partly weak capabilities of 

some of the actors (see the discussion in section Errore. L'origine riferimento non è stata trovata.), 

this is seen as an important step towards an increased uptake of EI by the market – as envisaged by 

C18.  

In particular, however, a closer look at the seven individual actions of the EcoAP gives a more 

differentiated picture. For instance, four of the seven EcoAP actions really aim at improving the 

capabilities of eco-innovators towards more successful EI, namely action 2 on funding demonstration 

projects and partnering, action 5 on promoting international cooperation, action 6 on supporting 

the development of emerging green skills and jobs, and action 7 on European Innovation 

Partnerships (EIPs). In contrast, two actions actually aim at improving conditions or removing 

obstacles, such as EU environmental policy and legislation (action 1) and setting new standards 

(action 3), while action 4 on mobilising funds and support for SMEs appears to be a hybrid case, 

addressing both prevailing funding obstacles (by means of financial intermediaries, Venture 

Capitalists and Business Angels) and insufficient innovation capabilities of SMEs (by means of, for 

instance, knowledge portals).  

From an innovation systems perspective, the implementation of C18 – and with it all seven actions 

of the EcoAP – has different effects in different European Innovation Systems (EISs). Generally, 

Verspagen et al. (2018b) identify four different EISs: 

 Strongly developed for countries with well-developed and internationally well-performing 

and competitive innovation systems, such as Austria, Belgium, Denmark, Finland, Germany, 

the Netherlands, Slovenia, Sweden and the UK; 

 Public policy-led for countries with well-developed and strong public policy in STI (Science, 

Technology and Innovation) fields but relatively weak private sector innovation, such as 

France, Ireland, Italy, Latvia, Lithuania, Luxembourg, Malta and Portugal; 

 Developing for countries where public policy is developed in a stronger way – which also 

makes them public policy-led – but where innovators strongly depend on externally sourced 

knowledge and competencies, such as supply-chain based innovation and external sourcing. 

Bulgaria, Croatia, Cyprus, the Czech Republic, Hungary, Romania, Slovakia and Spain are part 

of this EIS;  

 Lagging-behind for countries with weakly developed public policy and where innovations 

tend to be supply-chain driven or externally sourced, such as Estonia, Greece and Poland.  

Generally, the implementation of C18 is expected to have different effects in the four different EISs. 

http://www.i3u-innovationunion.eu/


 

D4-3 | Integration in the Eco-System 

 

www.i3u-innovationunion.eu Page 97 of 113 

This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No 645884. 
 

 

Obviously, as discussed above, in view of the different policy areas they address (funding, skill 

upgrading, partnering, cooperation, knowledge transfer or public policy) and their ultimate aim 

(removal of obstacles or improvement of capabilities), taken individually, the seven EcoAP actions all 

have very different effects in each of the four EISs. However, there is an obviously large overlap of 

the seven actions with other commitments in the IU. Since these commitments will be covered by 

other analyses, the present discussion about the differential effect of C18 in the four EISs is based on 

its overarching objective, namely the increase in capabilities and stimulation of interaction between 

actors. In this context, C18 is expected to have the strongest effects in the weaker EISs, such as the 

Developing and Lagging-behind EISs, where innovation and public policy-making capabilities are 

weaker, in general. Hence, in these EISs, any capability-enhancing activities also tend to be more 

effective, which should help to partly close the gap in development levels between countries in EISs 

with relatively stronger (private and/or public) innovation capabilities, such as the Strongly developed 

and the Public policy-led EISs, and countries in EISs with still weaker capabilities, such as the 

Developing and Lagging-behind EISs (see section Errore. L'origine riferimento non è stata trovata. 

for a discussion of direct and indirect effects of eco-innovation).  

6.4 Roles of C18 Actors  

The various C18 actors play different roles in the system. For the actors’ typical behavioural patterns, 

the taxonomy of Verspagen et al. (2018a) is used, which foresees the following roles for each of the 

C18 actors:  

 Governments either play an active policy role in organising the innovation system through 

specific instruments or a facilitating (less active) role aimed at correcting for market failures 

by means of instruments exclusively focused on incentives (such as tax credits), risk sharing 

for finance, and subsidies. 

 The finance sector is either risk-taking (as characterised by the dominance of riskier forms 

of finance) or risk-averse (as characterised by the dominance of more traditional forms of 

finance such as credits).  

 Firms may follow more diverse behavioural patterns when it comes to innovation which can 

be: (i) science-based, (ii) supply-chain driven and determined by a strong focus on clients’ 

goals or a strong reliance on suppliers for innovation, (iii) externally sourced (through licensed 

knowledge, machinery and equipment) instead of pursued through internal R&D, and (iv) 

low/weak in the case of only occasional innovative activities. Furthermore, a fifth (hybrid) 

category is added – (v) broad – for innovators whose innovative activities are best described 

as both science-based and supply-chain driven.  

The roles of governments and firms in the C18 system are derived from a thorough reading of the 
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latest Eco Innovation Observatory (EIO) country profiles37 (as available at the time of writing) which 

not only sketch the EI policy landscape but also give an idea of the more dominant innovation mode 

of eco-innovators in each EU MS. However, since EIO country profiles do not explicitly focus on eco-

innovators but rather on their policy landscape, the categorisation of eco-innovators into the 

different behavioural modes should be considered an informed approximation.  

As concerns the roles of the different C18 actors, the European Commission is the initiator of the 

EcoAP and the promoter, facilitator and monitor of EI activities in Europe.  

From the reading of all EIO country profiles, national governments could be assigned to one of the 

two aforementioned categories. In particular, except for Greece, governments in all old EU MS play 

an active and organising policy role. These governments already have a longer and successful 

tradition in shaping innovation systems to foster innovation, in general, and eco-innovation, in 

particular. Various different policies, actions, plans and initiatives are in place to actively create an 

environment more conducive to EIs. In contrast, governments in the new EU MS – plus Greece – play 

more of a facilitating role. As concerns funding and policy instruments, in many cases one observes 

a strong reliance on EU funds and initiatives which help compensate for still insufficient national 

resources and support measures.  

As highlighted above, the European finance sector is dominated by the banking sector, which is 

conservative and risk-averse. It is therefore rather reluctant to grant credits to eco-innovators/eco-

innovative SMEs/eco-innovative start-ups, whose innovative projects are resource-intensive and 

uncertain in terms of technical and economic success as well as maturity and payback periods.  

As highlighted above, the dominant mode of firms’ eco-innovating behaviour is more difficult to 

determine. However, after a thorough reading of the latest Eco Innovation Observatory (EIO) country 

profiles, countries could be assigned to the following groups: (i) science-based: Germany with strong 

science-based EIs, (ii) supply-chain driven: Austria, Denmark, Estonia, France, Ireland, Portugal and 

Slovenia as small and open economies with strong integration of firms into (national and global) 

value chains, (iii) externally sourced: Cyprus, the Czech Republic, Greece, Hungary, Latvia, Lithuania, 

Poland and Slovakia with weak internal R&D capabilities and stronger reliance on external (partly 

foreign) sources for EI, (iv) low profile: Bulgaria, Malta and Romania with generally low EI activities, 

and (v) broad: Belgium, Luxembourg, Finland, Sweden and the UK. In contrast, the dominant mode 

of EI remained undetermined for Italy, the Netherlands and Spain due to the lack of conclusive 

information in the respective EIO country profiles.  

                                                 

37 https://ec.europa.eu/environment/ecoap/country_profiles_en.  
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6.5 Direct and Indirect Effects of C18  

The activities of C18 predominantly aim at improving capabilities of actors in the system and at 

stimulating the interaction between them. This can be expected to be most effective and beneficial 

for actors (EI firms) in the Developing and Lagging-behind European innovation systems (EISs), where, 

as a result of the implementation of C18, better capabilities and more vivid interactions between 

actors stimulate innovation and help to close the gap in development levels with other EU MS.  

While it is still too early to fully evaluate the effects of the EcoAP and its seven actions, some general 

conclusions can be drawn from an analysis of key drivers and bottlenecks of EI as well as its effects 

in terms of labour productivity, as a proxy for competitiveness. Methodologically, this analysis uses 

the workhorse model in innovation studies – the so-called CDM model38 (Crépon et al., 1998) – which 

captures the complexity of the innovation processes in terms of three different stages and 

relationships. In particular, in the first stage, the decision whether or not to invest in eco-innovation 

and how much R&D is subsequently spent on it is determined.39 In the second stage, the probability 

of a successful eco-innovation – as an indicator of innovation outcome – is determined, with R&D 

investments and other key drivers and barriers as determinants. In this context, a successful eco-

innovation refers to a new or significantly improved product, process, organisational method or 

marketing method that creates environmental benefits. Furthermore, as far as it was possible on the 

basis of the available data, the role of some of the EcoAP’s seven actions as drivers of EI were tested 

empirically, such as public funding opportunities, current or expected future environmental 

regulations and current or expected future demand. Finally, in the third stage, the effects of eco-

innovation on labour productivity is determined, which serves as an indicator of firm performance 

and a proxy for competitiveness. The details of the methodological framework are outlined in Annex 

A, while the full list of variables used in the analysis and their definitions are provided in Table 6.4 in 

Annex B.  

This analysis is based on the latest Community Innovation Survey (CIS-2014) which refers to the 

period 2012-2014. This data set is particularly suited for the analysis as it includes a special module 

on EI, which allows to identify the key impact channels of EIs in terms of drivers, barriers as well as 

economic outcomes. In view of data specificities that result from differences in CIS-based 

questionnaires across countries, the analysis is based on two different CIS-2014 data sets. First, the 

                                                 

38 The CDM model is a structural econometric model, which is implemented in a step-wise procedure and 

allows to explicitly account for econometric issues that arise from the nature of the data and the model itself 

(such as selection bias or endogeneity). 

39 In the absence of any information on eco-R&D, overall R&D expenditures are used as an approximation.  
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Mannheim Innovation Panel (MIP), which allows to identify some key drivers of EI, also as envisaged 

by some of the seven actions of the EcoAP in C18. This analysis partly refers to results from the 

Impact Evaluation of C18 (Leitner, 2018). While the results exclusively refer to the German situation, 

it is still possible to speculate on the likely effects on the four different EISs. Second, the analysis also 

draws on results from an analysis of the anonymised CIS-2014 data which is available at the Safe 

Centre in Luxembourg for a selected number of EU MS.40 Given the broad country sample, this 

analysis allows to explicitly distinguish between the four European Innovation Systems (EISs) 

(Verspagen et al., 2018b) and is therefore able to bring out differences and test whether and to what 

extent effects of various drivers differ across systems. However, due to differences in definitions and 

details captured in the EU-wide CIS-2014 data, this analysis is unable to look at the role of particular 

EI drivers and of public policy.  

For the sake of brevity, only the results of the second and third stages of the CDM model are included 

in Annex B and discussed in what follows. Given the set of countries that is available in the 

anonymised CIS-2014 data set, the four EISs include the following countries: (i) the Strongly developed 

EIS comprises Germany, Finland and Sweden, (ii) the Public policy-led EIS comprises France, Italy, 

Latvia, Lithuania, Luxembourg, Portugal and Malta, (iii) the Developing EIS comprises Bulgaria, 

Croatia, Cyprus, the Czech Republic, Hungary, Romania and Slovakia, and (iv) the Lagging-behind EIS 

comprises Estonia and Greece.  

 Direct Effects  

As concerns the key drivers of and barriers to EI, which refer to some of the seven EcoAP actions, 

results from the analysis of both samples (see columns (1)-(5) in Table 6.2) suggest the following 

direct effects on EI: 

 Investments – either in terms of overall R&D investments or of fixed capital investments – 

are important ingredients for successful EI activities. Hence, a shortage of financial resources 

– such as through funding constraints – undermines EI success. In this respect, the EcoAP’s 

action aimed at mobilising funds is expected to accelerate EI. However, overall effects differ 

across EISs and, as expected, are strongest in the Developing EIS. In contrast, contrary to 

expectations, effects are weakest (or non-existent) in the Lagging-behind EIS (see columns 

(2)-(5) in Table 6.2).  

Furthermore, the analysis of the German MIP (see column (1) in Table 6.2), which also allows to test 

                                                 

40 The sample of countries comprise Bulgaria, Croatia, Cyprus, the Czech Republic, Estonia, Finland, France 

Germany, Greece, Hungary, Italy, Latvia, Lithuania, Luxembourg, Malta, Portugal, Romania, Slovakia and 

Sweden. Belgium and Spain had to be excluded from the analysis due to missing information on the EI module.  
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the role of other EcoAP actions, indicates that: 

 Public policy plays a non-negligible but differentiated role: (i) entrepreneurs are more likely 

to introduce EI if they received public financial support for EI, which underscores the 

importance of direct public financial support for eco-innovative activities; (ii) current and 

future regulations for EI are only conducive to EI if they become increasingly stricter and 

necessitate adjustments on the innovators’ side to adhere to them; (iii) existing environmental 

taxes or fees are not necessarily the best instruments to induce firms to eco-innovate. 

 Current or expected future demand is a key driver of EI, which underscores the need for 

complementary demand-side initiatives to guarantee the envisaged increased market uptake 

and diffusion of EI through society. This is, however, currently absent from the EcoAP which, 

except for the promotion of Green Public Procurement, exclusively focuses on supply-side 

measures.  

While the latter results only refer to the German MIP, some speculations are possible as to the 

potential differentiated effect across all four EISs. For instance, public policy – which in the CIS-2014 

data only refers to measures aimed at the private enterprise sector – should be more effective and 

conducive to EI in EISs with stronger public policy-making capabilities such as in the Strongly 

developed and the Public policy-led EISs. In contrast, weaker or no effects on EI can be expected in 

the Developing EIS, where public policy is developed but predominantly runs through (semi-)public 

research, and the Lagging-behind EIS, where public policy, in general, and associated capabilities, in 

particular, are weakly developed. Furthermore, the four EISs appear ill-suited to draw conclusions on 

the role of demand (i.e. the role of consumers), which is not explicitly taken into consideration in the 

analysis which helped develop their definitions (Verspagen et al., 2018a/b). Generally, consumers’ 

awareness of the value-added of EI is probably lowest in countries with a relatively short tradition in 

EI and still weak EI capabilities, such as the group of countries Catching-up in EI (see Figure 6.3).  

 Indirect Effects  

Furthermore, firms may benefit from EI in terms of better performance. In particular, the analysis of 

both samples points to the following indirect performance effects of EI (see columns (1)-(5) in Table 

6.3).  

 Successful eco-innovators are more productive, and therefore more competitive, than non-

eco-innovators (and non-innovators). However, effects differ across EISs and, as expected, 

are strongest for eco-innovators in the Developing and Lagging-behind EISs.  

Likewise, similarly differentiated and system-specific effects of EI can be expected for other 

performance indicators. This assertion is supported by information from the Eco-Innovation 

Scoreboard on the socio-economic effects of EI for the total index (see Panel A in Figure 6.5) as well 
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as for its sub-components turnover, employment and exports (Panels B-C in Figure 6.5). Figure 6.5 

demonstrates that, despite non-negligible variation across countries within EISs, eco-innovators in 

Developing and Lagging-behind EISs appear to perform better, on average, than their peers in the 

more advanced EISs. The only exception is exports, where eco-innovators in Strongly developed and 

Public policy-led EISs perform better, on average.  

Figure 6.5  Eco-innovation and Socio-Economic Outcomes: 2017  

 

Source: Eco-Innovation Scoreboard.  

6.6 Strengths and Weaknesses of C18  

C18 is characterised by a number of strengths. First, it is based on continuity and existing experiences 

and lessons learned from previous initiatives in order to achieve environmental objectives through 

eco-innovation. The Environmental Technologies Action Plan (ETAP) – the predecessor of the EcoAP 

– which was implemented in 2004, also set out a number of actions to promote the development 

and use of environmental technologies in the EU and globally. Its focus was, however, much narrower 

and limited to environmental technologies. The EcoAP, which builds on experiences with the ETAP 
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as well as results from the consultation of stakeholders, is not only much broader in scope by 

covering every aspect of EI (not only green technologies), including goods and services, but also 

incorporates and addresses areas that stakeholders felt were insufficiently accounted for in the ETAP, 

such as the need to attract private investors, to support the development of skills for green and 

greener jobs, to intensify cooperation, or a stronger focus on SMEs and their needs.41  

Second, the EcoAP is ambitious and defines a broad set of initiatives and actions to reach its objective 

of boosting innovation which reduces the pressure on the environment and of increasing the uptake 

of eco-innovation by the market. It goes beyond a purely input-based innovation model, which 

assumes that R&D is the key driver and more R&D results in more innovation. Instead, it addresses 

various barriers to and drivers of eco-innovation in different domains, such as public policy and 

regulations, standards, funding, international cooperation or the labour market.  

Third, the partnering approach that is taken helps accelerate the implementation process and should 

also guarantee a faster realisation of objectives.  

However, C18 is also characterised by some shortcomings which undermine its effectiveness. First 

and foremost, consumers, whose environmental consciousness42 and related (current and future 

expected) demand43 are key drivers of EIs, are completely absent from the C18 system. The EcoAP, 

which intends to foster the uptake of EIs, is exclusively centred on supply-side actions but – except 

for the role of Green Public Procurement – ignores the equally important (if not more important) 

demand side of EIs.44 Without supplementary demand-side measures, intended to change 

consumers’ mind-sets, raise awareness for the value-added of, and increase the demand for, EIs, 

firms may either be unwilling to invest in EIs in the first place due to low expected demand for their 

EIs or may be unable to successfully put their EIs on the market due to low actual demand.  

Second, at this juncture, some of the concrete measures taken to implement the seven actions appear 

insufficient to really accomplish the associated objectives. For instance, the EU Skills Panorama45 – 

an EC initiative which maps out current and future skills needs in Europe (also for green jobs) and 

intends to increase mobility and improve labour market matches – is only a monitor of needs but is 

hardly able to really help in the development of needed skills as well as related training programmes, 

                                                 

41 See EC (2011).  

42 See, e.g., Triguero et al. (2013) or Kesidou and Demirel (2012).  

43 See, e.g., Horbach (2008).  

44 Consumer-related policies (such as eco-labelling and consumer information) are addressed in the EU Sustainable 

Consumption and Production Action Plan: http://eur-lex.europa.eu/legal-content/EN/TXT/?uri=CELEX:52008DC0397.  

45 http://skillspanorama.cedefop.europa.eu/en.  
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which require coordinated labour market and skills policies.  

Finally, governments, which are key policy-making, governing and funding bodies in the C18 system, 

often possess insufficient policy-making capabilities, which makes the success of some of the EcoAP 

actions in some EU MS, such as those in the Developing and Lagging-behind EISs, rather unlikely.  

6.7 Policy Implications 

With its seven actions, the EcoAP – which builds the core of C18 – is ambitious and based on a broad 

set of different initiatives and measures. However, with consumer demand, one key driver of EI is 

absent from the set of EcoAP actions. Hence, supplementary demand-side measures are needed 

which help change consumers’ mind-sets, raise awareness for the value-added of EIs and effectively 

increase the demand for EIs. The need for supplementary demand-side initiatives is particularly 

strong for countries in weaker EISs, where EI capabilities and performance also tend to be weak, such 

as those in the Developing and Lagging-behind EISs. In these EISs, consumers’ awareness for the 

value-added of and their demand for EIs also tend to be low. Particularly larger economies in these 

two EISs could greatly profit from the larger domestic customer base and bigger market. Generally, 

such policies should go beyond what is currently framed in the EU Sustainable Consumption and 

Production Action Plan (EC, 2008) which specifies consumer-related policies in terms of eco-labelling 

and consumer information. In particular, to guarantee a stronger demand for EI, these indirect 

demand-side initiatives should be complemented by direct measures, such as demand subsidies or 

tax incentives, which strongly appeal to price-conscious consumers. The responsibility for such 

measures mainly lie with national governments, however.  

Furthermore, the implementation of some of the seven EcoAP actions also requires strong policy-

making capabilities from the national governments of EU MS. However, in the face of partly deficient 

policy-making capabilities in some EU MS – particularly those in the Developing and Lagging-behind 

EISs – the success of a number of the EcoAP actions is questionable in some of these cases, which 

would contribute to the widening of the gap between EU MS in different EISs. Hence, complementary 

measures and additional support is needed to improve the weak policy-making capabilities of 

governments.  

6.8 Summary and Conclusion 

Commitment 18 (C18) focuses on eco-innovation (EI) and aims at boosting innovation that leads to 

or aims at reducing pressures on the environment and on bridging the gap between innovation and 

the market. It foresees that ‘By early 2011 the Commission will present an eco-innovation action plan 
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building on the Innovation Union and focusing on the specific bottlenecks, challenges and opportunities 

for achieving environmental objectives through innovation.’ For this purpose, at the end of 2011, the 

European Commission launched the Eco-innovation Action Plan (EcoAP) which specifies seven 

different actions which are implemented through a partnering approach between stakeholders, the 

private and public sector, and the European Commission.  

Different actors are involved in C18. First, the European Commission is the initiator of the EcoAP and 

active promoter and facilitator of EI activities. Second, all national EU MS governments, which – in 

cooperation with the Commission – develop and implement policies and initiatives that are 

conducive to EI activities and facilitate the uptake of EI by the market. Generally, except for Greece, 

governments in all old EU MS play an active and organising policy role while governments in the 

new EU MS – plus Greece – play more of a facilitating role. Third, the finance sector, which serves as 

an additional source of funding (alongside public sector finance). The European finance sector is 

dominated by the banking sector which is conservative and risk-averse. Finally, eco-innovators – as 

key beneficiaries – whose EI efforts and performance benefit from the more conducive business 

environment. A thorough reading of the Eco Innovation Observatory (EIO) country profiles shows 

that the eco-innovating behaviour of firms is diverse and can be described as (i) science-based in 

Germany, (ii) supply-chain driven in Austria, Denmark, Estonia, France, Ireland, Portugal and Slovenia, 

(iii) externally sourced in Cyprus, the Czech Republic, Greece, Hungary, Latvia, Lithuania, Poland and 

Slovakia, (iv) of low profile in Bulgaria, Malta and Romania, and (v) broad in Belgium, Luxembourg, 

Finland, Sweden and the UK.  

In terms of the categorisation of policy instruments outlined in Verspagen et al. (2018b), C18 is an 

instrument which predominantly aims at improving the capabilities of and stimulating the interaction 

between C18 actors. However, the implementation of C18 is expected to exert different effects across 

the different European Innovation Systems (EISs) (as specified by Verspagen et al., 2018b) and have 

the strongest effects in the weaker EISs, such as the Developing and Lagging-behind EISs, where 

innovation and public policy-making capabilities are weaker, in general, and where capability-

enhancing initiatives also have the strongest effects. The differential effect of C18 across EISs is 

confirmed by the quantitative analysis. As concerns direct effects of C18, more investments (through 

additional funding sources) have the strongest EI-enhancing effect in the Developing EIS, but, 

contrary to expectations, have the weakest effects in the Lagging-behind EIS. Public policies – as 

captured by direct public financial support, current and future regulations, and environmental taxes 

or fees – play a differentiated role and are argued to be more effective in EISs with stronger public 

sector capabilities such as the Strongly developed and the Public policy-led EISs. Current and expected 

future demand results in more EI. However, since consumers’ awareness for the value-added of and 

their demand for EIs is weak in the Developing and Lagging-behind EISs, stronger demand – such as 

through awareness-raising initiatives – should be most effective in these EISs. In terms of indirect 

http://www.i3u-innovationunion.eu/


 

D4-3 | Integration in the Eco-System 

 

www.i3u-innovationunion.eu Page 106 of 113 

This project has received funding from the European 

Union’s Horizon 2020 research and innovation 

programme under grant agreement No 645884. 
 

 

effects of C18, EIs result in higher productivity and competitiveness and, as expected, are strongest 

for eco-innovators in the Developing and Lagging-behind EISs.  

Finally, C18 is characterised by a number of strengths, such as continuity and the inclusion of 

recommendations and lessons learned from previous initiatives, the broad set of initiatives and 

actions, and the partnering approach, which all help achieve its objectives more effectively and 

quickly. It also has some shortcomings which undermine its effectiveness, such as the absence of any 

consumer-related demand-side actions, the inadequacy of some of the measures taken to 

accomplish established goals, or the lack of capabilities for public policy-making in some EU MS, 

which makes the success of some actions that require solid capabilities for public policy-making 

relatively unlikely, at least in those EU MS that lag behind in this respect. Hence, to guarantee that 

the implementation of C18 is most effective, complementary policies are needed on the demand 

side which go beyond indirect measures, and supplementary measures and initiatives are necessary 

to bolster the partly deficient policy-making capabilities in some EU MS.  
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6.10 Annex A: Methodological Framework of the CDM Model  

The first stage of the model consists of two equations that explain firm 𝑖’s decision (𝑖 = 1, … , 𝑁) to 

invest in innovative activities (or not), on the one hand, and if so, how much to spend on these 

activities, on the other. Since expenditures on innovative activities are only reported and observable 

for innovative firms, sampling is no longer random and a selection bias may be incurred if left 

unaccounted for. Hence, to account for this selection bias, a two-step Heckman selection model 

(Heckman, 1979) is estimated, where the following selection equation describes whether or not a 

firm is doing any R&D: 

𝐷𝑟𝑑𝑖 = {
1   𝑖𝑓   𝐷𝑟𝑑𝑖

∗ = 𝑋𝑖
′𝛼 + 휀𝑖 > 𝑐̅

0   𝑖𝑓   𝐷𝑟𝑑𝑖
∗ = 𝑋𝑖

′𝛼 + 휀𝑖 ≤ 𝑐̅
 (1a) 

where 𝐷𝑟𝑑𝑖 is an observed binary variable that is equal to 1 if firm 𝑖 spends on R&D, and 0 otherwise. 

Firm 𝑖 spends on R&D if 𝐷𝑟𝑑𝑖
∗ – an unobservable latent variable which measures the propensity to 

innovate – is above a certain threshold level 𝑐̅. 𝑋𝑖 denotes a vector of explanatory variables relevant 

for the decision to invest in R&D, comprising size (as the exclusion restriction), being part of a 

domestic or a foreign group, operating on international markets, a set of variables that capture the 

firm’s competitive environment, a dummy variable for East and a set of industry dummies. 휀𝑖 is the 

error term.  

Then, conditional on firm 𝑖 engaging in R&D activities, the innovation intensity is given as follows: 

𝑅𝐷𝑖 = {
𝑅𝐷𝑖

∗ = 𝑋𝑖
′𝛽 + 𝜖𝑖

0   𝑖𝑓   𝑅𝐷𝑖 = 0 
 (1b) 

where 𝑅𝐷𝑖
∗ is the unobservable latent variable which reflects R&D intensity, measured as the log of 

R&D expenditures per employee. Furthermore, 𝑋𝑖 refers to a vector of explanatory variables that 

explain R&D intensity and comprise variables such as being part of a domestic or a foreign group, 

operating on international markets, engaging in different types of R&D collaborations (horizontal, 

vertical, lateral), subsidies (from the regional, national government or the EU), a set of variables that 

capture the firm’s competitive environment, a dummy variable for East, and a set of country and 

industry dummies. 𝜖𝑖 is the error term.  

For the purpose of identification, the error terms are assumed to be independently and identically 

distributed as bivariate normal as follows: 

(
휀𝑖

𝜖𝑖
) ~𝐼𝐼𝐷 (

1 𝜌
𝜌 1

), 
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where 𝜌 = 𝐶𝑜𝑣(휀𝑖 , 𝜖𝑖).  

The system of equations (1a) and (1b) is estimated as a generalised Tobit model by maximum 

likelihood. Following Griffith et al. (2006), firm size is used as exclusion restriction in equation (1a).  

The second stage of the model focuses on the innovation production function and analyses eco-

innovations as follows: 

𝐸𝐼𝑖 = 𝑅�̂�𝑖𝛾 + 𝑍𝑖
′𝛿1 + 𝑚𝑜𝑡𝑖𝑣𝑒𝑠𝑖

′𝛿2 + 𝑢2𝑖 (2) 

where 𝐸𝐼𝑖 is a binary variable that is equal to 1 if, between 2012 and 2014, an innovator introduced 

an innovation with an environmental benefit (either obtained within the firm (i.e. process eco-

innovation) or by the end user (i.e. product eco-innovation)), and 0 otherwise. 𝑅�̂�𝑖 is the predicted 

innovation effort taken from equations (1a) and (1b) for the total sample of firms, therefore 

accounting for the fact that firms may engage in some R&D efforts without reporting it, on the one 

hand, and the potential endogenous nature of innovative efforts in the innovation production 

function, on the other. Furthermore, 𝑍𝑖 denotes a vector of explanatory variables, comprising 

variables such as firm size, capital stock (per employee), the share of the workforce with tertiary 

education, a dummy for East, and a set of country and industry dummies. 𝑚𝑜𝑡𝑖𝑣𝑒𝑠𝑖 refers to a vector 

of 8 different motives for the introduction of eco-innovations, while 𝑢1𝑖 and 𝑢2𝑖 are the error terms. 

Methodologically, a probit model is estimated for equation (2). 

The third and final stage of the model determines the effects of eco-innovation on firm productivity. 

Based on an extended simple constant returns to scale Cobb-Douglas production function, labour 

productivity of eco-innovators is determined as follows:  

𝑙𝑛𝐿𝑃𝑖 = 𝐸�̂�𝑖𝜃2 + 𝑊𝑖
′𝜃3 + 𝜐2𝑖 (3) 

where 𝑙𝑛𝐿𝑃𝑖 denotes the log of labour productivity, defined as the log of sales per employee. 𝐸�̂�𝑖 is 

the predicted probability for eco-innovations, which accounts for the endogenous nature of eco-

innovation in the production function. 𝑊𝑖 refers to a vector of additional explanatory variables, 

comprising firm size, physical capital intensity, skills share and a set of country and industry dummies. 

Finally, 𝜐𝑖 is the error term. Methodologically, equation (3) is estimated via OLS.  
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6.11 Annex B 

Table 6.2  Eco-Innovation Output: for Germany (MIP) and by European Innovation System 

(EIS) 

  MIP EIS1 EIS2 EIS3 EIS4  
MEs MEs MEs MEs MEs 

Variables (1) (2) (3) (4) (5) 

R&D intensity 0.056** 0.179*** 0.166*** 0.183*** 0.160***  
(1.986) (10.594) (15.506) (11.300) (3.689) 

Present regulations 0.034     

  (0.894)     

Present taxes, charges or fees -0.016     

  (0.349)     

Future regulations/taxes 0.05     

  (1.145)     

Public financial support 0.102**     

  (2.308)     

Present or expected demand 0.163***     

  (3.959)     

Reputation 0.065*     

  (1.770)     

Voluntary actions or standards 0.126***     

  (3.593)     

Rising costs for energy/other resources 0.114***     

  (3.637)     

Size -0.003 -0.007 0.062*** 0.038*** 0.039***  
(-0.283) (-1.629) (18.675) (6.985) (2.648) 

Domestic group 0.029 -0.119*** -0.073*** -0.022 -0.033  
(0.806) (-6.225) (-6.532) (-1.187) (-0.622) 

Foreign group 0.026 -0.087*** -0.050*** 0.055*** -0.015  
(0.456) (-4.279) (-3.442) (3.016) (-0.220) 

International markets 0.026 -0.091*** -0.180*** -0.084*** -0.067  
(0.517) (-4.607) (-11.745) (-4.283) (-1.246) 

Investment intensity 0.030** -0.027*** 0.011*** 0.016*** 0.000  
(2.548) (-5.769) (3.761) (4.248) (0.052) 

East -0.009     
 

(0.279)     

Industry FE yes yes yes yes yes 

Country FE no yes yes yes yes 

Observations 1,442 7,754 17,010 7,643 942 

Log likelihood -845.25 -4766 -10298 -4507 -589.5 

Note: MIP refers to the Mannheim Innovation Panel, EIS1 refers to the ‘Strongly developed’ group comprising DE, FI and 

SE, EIS2 refers to the ‘Public policy-led’ group comprising FR, IT, LV, LT, LU, PT and MT, EIS3 refers to the ‘Developing’ group 

comprising BG, HR, CY, CZ, HU, RO and SK, and EIS4 refers to the ‘Lagging behind’ group comprising EE and EL.  
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Robust z-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.  

Marginal effects (at the mean) are reported.  
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Table 6.3  Labour Productivity: for Germany (MIP) and by European Innovation System 

(EIS) 

  MIP EIS1 EIS2 EIS3 EIS4 

Variables (1) (2) (3) (4) (5) 

EI 0.294*** -1.439*** 0.364** 1.752*** 0.894**  
(2.632) (-4.168) (2.177) (10.095) (2.061) 

Size 0.074*** 0.128*** 0.082*** 0.026* 0.078**  
(5.849) (11.428) (6.190) (1.720) (2.177) 

Assets per employee 0.113*** 0.020 0.083*** 0.037*** 0.092***  
(6.241) (1.198) (12.662) (4.257) (5.836) 

Skills share 0.006*** 
    

 
(4.777) 

    

Tertiary degree: 1% to less than 5% 
 

0.128** 0.103*** 0.026 -0.078   
(2.273) (4.024) (0.464) (-0.543) 

Tertiary degree: 5% to less than 10% 
 

0.271*** 0.293*** 0.249*** -0.088   
(5.022) (10.935) (4.346) (-0.604) 

Tertiary degree: 10% to less than 25% 
 

0.398*** 0.479*** 0.469*** 0.030   
(8.148) (17.839) (8.462) (0.239) 

Tertiary degree: 25% to less than 50% 
 

0.482*** 0.612*** 0.587*** 0.287**   
(8.126) (18.005) (9.930) (2.248) 

Tertiary degree: 50% to less than 75% 
 

0.465*** 0.735*** 0.778*** 0.565***   
(6.231) (16.782) (11.204) (3.674) 

Tertiary degree: 75% or more 
 

0.497*** 0.672*** 0.723*** 0.429***   
(6.984) (13.151) (9.737) (2.836) 

East -0.344*** 
    

 
(-7.964) 

    

Country FE no yes yes yes yes 

Industry FE yes yes yes yes yes 

Constant -0.772*** 11.925*** 11.041*** 8.730*** 10.366***  
(-4.820) (40.135) (79.311) (42.261) (23.693) 

Observations 1,357 2,701 10,949 5,339 942 

R-squared 0.304 0.309 0.368 0.382 0.223 

Note: MIP refers to the Mannheim Innovation Panel, EIS1 refers to the ‘Strongly developed’ group comprising DE, FI and 

SE, EIS2 refers to the ‘Public policy-led’ group comprising FR, IT, LV, LT, LU, PT and MT, EIS3 refers to the ‘Developing’ group 

comprising BG, HR, CY, CZ, HU, RO and SK, and EIS4 refers to the ‘Lagging behind’ group comprising EE and EL.  

Robust t-statistics in parentheses, *** p<0.01, ** p<0.05, * p<0.1.  
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Table 6.4  List of Variables Used in the Analysis  

Variable Definition 

R&D intensity Log of (internal & external) R&D expenditures per employee 

Present regulations (MIP) Dummy=1 if the fulfilment of existing environmental regulations was of 

high or medium relevance, 0 otherwise (MIP) 

Present taxes, charges or fees 

(MIP) 

Dummy=1 if existing environmental taxes, charges or fees was of high or 

medium relevance, 0 otherwise 

Future regulations/taxes (MIP) Dummy=1 if future expected environmental regulations/taxes was of high 

or medium relevance, 0 otherwise 

Public financial support (MIP) Dummy=1 if government grants/subsidies/other financial incentives for 

environmental innovations were of high or medium relevance, 0 otherwise 

Present or expected demand 

(MIP) 

Dummy=1 if current/expected demand for eco innovations was of high or 

medium relevance, 0 otherwise 

Reputation (MIP) Dummy=1 if improving the firm’s reputation was of high or medium 

relevance, 0 otherwise 

Voluntary actions or standards 

(MIP) 

Dummy=1 if voluntary actions/initiatives for environmental good practice 

in the firm’s sector was of high or medium relevance, 0 otherwise 

Rising costs for energy/other 

resources (MIP) 

Dummy=1 if rising costs for energy or other resources was of high or 

medium relevance, 0 otherwise 

Size Log of the number of employees 

Domestic group Dummy=1 if firm is part of a domestic group, 0 otherwise 

Foreign group Dummy=1 if firm is part of a foreign group, 0 otherwise 

International market Dummy=1 if major market is outside of the country, 0 otherwise 

Investment intensity Log of fixed capital investments per employee 

Fixed assets per employee Log of fixed assets per employee 

Share of employees with 

tertiary degree (MIP) 

In % 

Share of employees with 

tertiary degree (Safe Centre) 

Likert scale: 0-6 

Labour productivity Log of sales per employee 

Eco innovation (MIP) Dummy=1 if firm introduced eco-innovations with a high environmental 

impact, 0 otherwise 

Eco innovation (Safe Centre) Dummy=1 if firm introduced eco-innovations 

East (MIP) Dummy=1 if firm is located in Eastern Germany, 0 otherwise 

Country (Safe Centre) Dummy=1 for the 19 different countries, 0 otherwise 

Industry Dummy=1 for 11 different 1-digit industries, 0 otherwise 
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