
 
 

This paper was presented at The 6th ISPIM Innovation Symposium – Innovation in the Asian 
Century, in Melbourne, Australia on 8-11 December 2013. The publication is available to ISPIM 

members at www.ispim.org. 
 

1 
 

 

Can Open Innovation Practices leverage Industrial 
Energy Efficiency performance? 

Andres Ramirez-Portilla*, Terrence Brown 
KTH Royal Institute of Technology, Lindstedsvägen 30, Stockholm, 
SE-100 44, Sweden  
E-mail: andresrp@kth.se, terrence@kth.se  

Enrico Cagno, and Andrea Trianni 
Politecnico di Milano, Via Lambruschini 4/B, Milan, 20156, Italy 
E-mail enrico.cagno@polimi.it, andrea.trianni@polimi.it 
 
* Corresponding author 

Abstract: Promotion on energy efficiency and innovation is in the agenda of 
many countries as seen in Europe 2020 strategy. Although these two concepts 
have been addressed extensively in theory and practice, so far there has been 
little discussion about connecting their research streams. This paper proposes to 
close this gap and explores whether a novel approach to foster industrial energy 
efficiency in SMEs may include adopting Open Innovation. To evaluate the 
possible influence of open innovation practices on energy efficiency we studied 
ten SMEs in energy-intensive industries such as foundries. To measure both 
concepts we used a mix of scales taken from literature and practice from both 
fields. A preliminary analysis shows that a higher number of inbound practices 
reduce technology-related barriers to energy efficiency, and it also affects 
different adoption rates of energy-efficient technologies by commodity.  
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1 Introduction  

The past decade has seen an increasing interest on Open Innovation in practice and in 
academia showing this concept not to be a fad. This interest might be associated to the 
idea of using open innovation as an attractive innovation model suitable to be used with 
many trends in the management arena (Huizingh 2011). As evidence, Open Innovation 
has been studied under several theoretical lenses and looked upon angles of numerous 
organizational contexts and levels. Traditionally, researchers have focused on studying 
open innovation adoption at a firm level in large multinational enterprises operating in 
technology intensive sectors and industries (e.g. see literature reviews from Elmquist et 
al. 2009, Schroll & Mild 2012, and Lichtenthaler 2011). More recently, researchers have 
broadened the scope of open innovation by expanding the range of research topics, 
industries and geographical areas (e.g. see special issue edited by van de Vrande et al. 
2010). However, to the best of our knowledge, nobody has yet proposed to combine open 
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innovation with the areas of energy management and energy efficiency, which usually 
fall under the umbrella of eco-innovations.  

The lack of these types of studies in innovation management is of paramount 
importance for different reasons. From a practical viewpoint, governments and policy 
makers have realized on the need to promote on parallel initiatives on energy and 
innovation. A clear example is the Europe 2020 strategy (European Commission 2010), a 
central guideline for European Union growth, which includes key targets translated into 
flagship initiatives such as promoting energy efficiency and innovation. On it, the 
flagship of ‘Innovation Europe’ integrates European, national and regional innovation 
instruments and commitments with links across disciplines, showing it is not mutually 
exclusive from the ‘Resource efficient Europe’ flagship, which centers in energy 
efficiency (European Commission 2013). From an academic viewpoint, scholars in 
different disciplines are focusing their research to address issues like climate change, 
reduction of energy consumption and lack of sustainability. Scholars in innovation 
management should not lag behind them and must also find a way to link research in 
their field with other disciplines (van de Vrande et al. 2010) in order to address similar 
challenges. Moreover, to date there has been no discussion about linking energy 
efficiency with open innovation, both areas remarkably relevant during the last years.  

This paper elaborates on these ideas and seeks to answer whether a novel approach to 
foster industrial energy efficiency in SMEs might include adopting Open Innovation 
practices. The logic for this study to combine the concepts of energy efficiency and open 
innovation practices was fairly straightforward. First, it is based on the assumption that 
some open innovation activities mainly inbound, can support the introduction of new 
technologies and innovations to a firm, which in turn can improve its overall energy 
efficiency performance. Second, it considers previous results on the adoption of energy-
efficient technologies and its effect on reducing the perception of barriers to energy 
efficiency (Trianni, Cagno & Worrell 2013). For this study, therefore, we hypothesize 
that the open innovation inbound practices that a firm may adopt have a direct and 
positive effect on the implementation rate of energy-efficient technologies and thus, to 
the overall energy efficiency performance of the firm. 

In order to demonstrate this effect, a decent sample of energy-intensive, mainly SMEs 
from Northern Italy, has been selected. The profiles of these firms are of producers of 
three different types of commodities: aluminum, cast iron and steel. These commodities 
were chosen based on i) their energy-intensive production process, and ii) their possible 
use in a similar industry such as the automotive. Even though the sampled firms may 
supply to other industries, most of them are tier-2 suppliers in the automotive industry 
allowing the sample to be controlled for this industry pressures such as cost-optimization, 
R&D efficiency, and competition (Dannenberg & Burgard 2007). For the analysis part, it 
is considered the measures of the firms’ specific energy consumption the adoption of 
energy-efficient technologies, the perception of barriers to energy efficiency and the 
adoption of open innovation practices distinguished between outbound and inbound 
activities.  

The rest of the paper is organized as follows. Section 2 reviews briefly relevant 
literature on the two main concepts this paper is trying to combine: adoption of open 
innovation, and industrial energy efficiency in SMEs. It ends by developing the 
framework used for this study. Section 3 explains the research design, including the 
motivation for the sample selected and emphasizing the type of measures used. Section 4 
will present and discuss the results of the future empirical analysis. Section 5 will 



 

conclude with implications for academics and practitioners, limitations of the study and 
opportunities for future research. 

2 Theoretical background and hypotheses 

This section presents a brief synopsis of the literature relevant for the paper´s purpose. 
While it emphasizes more the open innovation literature, it provides concise information 
about energy efficiency. Likewise, it includes little but relevant theoretical background to 
justify the contextual factors of the study. The sections ends with a theoretical framework 
to picture better the focus of this study. 

2.1 Open Innovation and internal innovation activities 

There is evidence to a large extent that identifies innovation as the principal driver for 
companies to flourish, grow, profit and sustain in the long term (Elmquist et al. 2009). 
Consequently, organizations have historically invested great amount of resources in 
internal R&D to drive innovation. However, current stronger global competition has 
influenced higher knowledge sharing and collaboration on the innovation process in firms 
(Gassmann 2006). This opening of the firm’s innovation processes has been coined as 
Open Innovation, and it is evolving the way firms profit from technology (Chesbrough 
2003). The Open Innovation model assumes that not all good ideas will come from inside 
the firm and not all innovations created inside of it could be successfully marketed 
internally (Chesbrough & Crowther 2006). This concept was conceived by using ideas 
from traditional management but enriched to represent modern innovation practices by 
firms (van der Meer 2007). Therefore, a common way to operationalize Open Innovation 
is through three main types of activities by firms: inbound (or outside-in), outbound (or 
inside-out) and coupled activities (Gassmann & Enkel 2004).  

The adoption of these activities does not imply that a firm should stop its established 
internal innovation. Instead, the Open Innovation model suggests that internal innovation 
in a firm e.g. R&D, should be balanced with other sources of knowledge and paths to 
market. In other words, to benefit the most out of its technology a firm “can and should 
use external ideas as well as internal ones, and internal and external paths to market” 
(Chesbrough 2003). Thus, by opening up the innovation process firms can also 
complement and leverage their R&D investments with outside partners (Cheng & 
Huizingh n.d.). These outside partners e.g. individuals, customers, suppliers, or 
universities, have been studied less often as paths to new markets outside the firm and 
more frequently as external sources of innovation. The study of the process to profit from 
external sources of innovation relates to inbound (or outside-in) activities and it has 
produced one of the largest bodies of research in open innovation literature (West & 
Bogers 2013).  

Literature seems to accept that the three main types of mode or activities i.e. inbound, 
outbound, and coupled, can be more or less open (Huizingh 2011), and thus, open 
innovation should not be consider as a dichotomy but as a continuum with different 
degrees of openness (Dahlander & Gann 2010). These assumptions have mainly been 
drawn from studies in high-tech sectors and industries, but it might be different regarding 
the main types of activities in SMEs in mature industries. For instance, one of the first 
studies of open innovation in mature, asset-intensive firms by Chesbrough and Crowther 



 
 

This paper was presented at The 6th ISPIM Innovation Symposium – Innovation in the Asian 
Century, in Melbourne, Australia on 8-11 December 2013. The publication is available to ISPIM 

members at www.ispim.org. 
 

4 
 
 

(2006) shows inbound innovation to be the dominant mode in practice. Similarly, 
Vanhaverbeke (2006) and van der Meer (2007) study in Dutch SMEs from mature 
industries indicates that in this context, the activities to import innovation from external 
sources are greatly more frequent than the exporting ones, which is due to great barriers 
perceived in mechanisms to exploit internal innovation. These findings seem first, to 
influence the focus of research of several studies, and second, to be consistent with 
subsequent studies in mature, asset-intensive industries where inbound activities are 
found to be largely adopted. 

Studies focusing mainly in inbound open innovation are frequent and equally 
valuable even if not considering the three modes of open innovation (e.g. Chiaroni et al. 
2010; West & Bogers 2013). Likewise, recent research confirms the existence of greater 
adoption of inbound versus outbound open innovation in firms from mature industries. 
For example, Chiaroni et al. (2011) study in the largest cement firm in Italy confirms that 
inbound open innovation is already widely in practice, however the outbound dimension 
has not been completely implemented. Similarly, Ili et al. (2010) study in the German 
automotive industry, a widely know mature asset-intensive industry, shows inbound 
activities having a higher rate of implementation over outbound ones. These evidence 
together with other studies seem to indicate that while coupled activities are not so 
clearly differentiated in all industries, outbound activities are more diffused in high-tech 
firms, and inbound activities are more frequent in low-tech firms (Gassmann & Enkel 
2004) and mature industries (Chiaroni et al. 2010). These findings could suggest that a 
proper way to investigate the effects of open innovation in mature industries is by setting 
aside coupled activities and keeping theoretically and empirically separate the inbound 
and outbound activities (Chiaroni et al. 2011).  

If distinguishing two different constructs within the adoption of open innovation, the 
construct of internal innovation could also be considered as a singular concept for 
empirical studies. Innovation literature has long recognized firms cooperating in the 
innovation process with external partners (De Backer & Cervantes 2008). The same case 
is visible regarding the enrichment of internal innovation processes, mainly R&D inside 
firms, by external knowledge. A clear milestone on this idea has been suggested by the 
concept of absorptive capacity (Cohen & Levinthal 1990), which relates to the ability 
firms have to identify value and information from external sources, assimilate it and 
further employ it to commercial ends. In the concept of absorptive capacity, R&D inside 
a firm plays a mayor role, as the absorptive capacity might be created as a byproduct of a 
firm´s R&D investment (ibid, p.129). This not only means internal R&D is crucial in 
developing absorptive capacity but an increase in R&D investments and efforts may 
indicate also an increase in external technology sourcing (Veugelers 1997).  

Therefore, before looking for innovative solutions through external sources of 
technology, a firm must own a strong R&D ability (Veugelers 1997; Xiaobao et al. 
2013). A lack of this type of ability would suggest a week internal innovation capacity 
that will not allow a firm to attract partners and thus, it will lack external sources to 
innovative (Negassi 2004). The importance of this innovation capacity is documented in 
literature that studies the positive effect of a firm innovation capacity when competing 
and surviving against others. In addition, the open innovation model suggests neither 
stopping internal R&D nor fully outsourcing it; rather the model suggests completing 
internal R&D through external ideas (Chesbrough & Crowther 2006). The internal 
innovation capacity still relies greatly on the critical knowledge inside the firm, which 
helps integrate (internal or external) resources and ideas. Therefore, the internal 



 

innovation capacity of a firm needs strong internal R&D, and internal R&D continues 
being a key element in the open innovation model (Xiaobao et al. 2013).   

2.2 Energy Efficiency and its relation with Innovation 

The term of energy efficiency is generic and instead of one unequivocal measure for it, 
firms must rely on a series of indicators to quantify variations in energy efficiency. In 
general, energy efficiency refers to using less energy to produce the same amount of 
services or useful output (Patterson 1996, p. 377). For instance, in the industrial sector, 
energy efficiency is usually measured by the amount of energy necessary to produce a 
tone of certain product or material. Thus, energy efficiency is widely defined by the ratio 
of useful output of a process divided by the energy input into the same process. The 
concept of energy efficiency is vital in understanding how to improve the overall 
efficiency in firms. In a positive loop, one important player in improving energy 
efficiency is the industrial sector, which is responsible of about 30% of the total energy 
end-use (Trianni & Cagno 2012).  

In order to promote energy efficiency, it is quite relevant to have a detailed picture of 
the most effective technologies to be deployed. In this regard, the topic has been widely 
assessed, providing several insights especially for process-specific technologies (Trianni 
et al. 2012). Therefore the industrial practice of comparing new technologies, also called 
best available technologies (BATs), provides a direct link with the level of innovation a 
firm might need or possess. This may indicate the relation between energy efficiency and 
the innovation level is obvious; however, very few studies have focused on this and 
research on the factors and effects has been limited to study energy-efficient technologies 
and their positive impact while other factors should also be studied (Cagno et al. 2013). 

So far, there are no studies that provide evidences on the advantages of combining 
innovation studies with the areas of energy management and energy efficiency. The 
closest research available up to date are the results provided by Trianni, Cagno and 
Worrell (2013) who investigated several factors – and, among others, some 
characteristics of innovation of the enterprises – affecting the perception of barriers by 
Small and Medium Enterprises (SMEs) to the diffusion of technologies and practices for 
industrial energy efficiency in Italy. One of the most interesting findings of this study 
shows that a more innovative external context in which enterprises operate seems to have 
a positive effect on reducing such barriers, particularly behavioral and information-
related ones. In addition, the study suggests that a more product innovative firm seems to 
have a smaller perception of behavioral as well as technology-related barriers. These 
findings suggest that if general innovation concepts could be merged with energy-
efficiency research, open innovation could also be a viable option. 

Moreover, another interesting reason to study energy efficiency together with open 
innovation constructs is the noticeable difference in the way both can be measured. While 
energy efficiency is a cut clear concept, open innovation is not (Huizingh 2011). This 
idea also involves measurement of both concepts, because while the measurement of 
energy efficiency is relatively simply, there is no a single and widely accepted indicator 
of open innovation practices and modes in firms (De Backer & Cervantes 2008). Energy 
efficiency can use different indicators as proxies such as perceived barriers to energy 
efficiency (Cagno et al. 2013), implementation rate of energy efficiency measures (Cagno 
& Trianni 2012), and specific energy consumption depending on each industry (e.g. 
Norup & Taylor 2005). All these together can provide a broad perspective of the effective 
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firm’s energy efficiency performance complemented by an overview of its major 
difficulties on implementing energy efficiency measures. 

2.3 Contextual Factors 

When studying the different effects of open innovation and consequently its 
effectiveness, contextual factors play an important role (Huizingh 2011). This means in 
most open innovation studies there is the need to use a contingency approach (Gassmann 
2006) that will not only delimit the scope of the study but also support the explanations 
of the results. A contingency approach based on the context characteristics can focus on 
both internal and external environmental factors (Schroll & Mild 2012). One of the most 
used internal context characteristics in open studies in size of the firm, which can be 
operationalized by number of employees, sales profit, and other variables. Limited 
research has focused on the use of Open Innovation is small and medium firms with some 
exceptions (e.g. van de Vrande et al. 2009; Brunswicker & Ehrenmann 2013; Xiaobao et 
al. 2013). These studies have provided evidence that even though SMEs often lack the 
resources and capabilities in comparison to large firms, they have the advantage of 
flexibility and adaptability, which allows them to increase their R&D productivity 
(Bianchi et al. 2010). Thus, recent results in literature indicate that SMEs are a useful 
context to study open innovation, as traditionally they have been open to innovate (De 
Backer & Cervantes 2008). 

Regarding the external environmental factors in Open Innovation, these studies can 
range from simple ones like industry, globalization, technology intensity, and technology 
fusion, to other more complex like new business models and knowledge leveraging 
(Huizingh 2011). The industry in which a firm is involved can be characterized by more 
than one dimension depending on the perspective used. In the case of this study, the 
related industry could be divided by the production industry and by the manufacturing 
industry. While the first related to the industry in which the firms belong due to is 
production and creation process of certain product or material, the second relates to the 
industry to which they supply these materials to manufacture a larger and more complex 
product. This division could be useful when studying firms that are Tier-2 suppliers i.e. 
suppliers of suppliers, of larger firms. A clear example is the industrial sector of 
foundries in which firms may belong to the production industry of one type of 
commodity e.g. aluminum, but the firm could also belong to other types of industries e.g. 
automotive or nautical, due to its relations as supplier.  

Considering these assumptions, a remarkable context to be investigated is the so-
called energy-intensive industries that account for most of the industrial energy use. 
Among those, foundries are of special interest since in Europe cover alone 14% of the 
total industrial consumption, and where the majority consists of small and medium-sized 
enterprises (Trianni et al. 2012). Similarly, considering that most foundries produce 
certain types of alloys to supply to other industries e.g. the automotive, it provides a 
narrower contingency approach that can allow most focalized findings. Therefore, for this 
study the automotive industry used as the manufacturing industry to which SMEs supply 
inputs, allows to assume the same amount of idiosyncrasies and pressures relevant for 
open innovation in the manufacturing industry (Gassmann 2006; Ili et al. 2010) such as 
legislation, competition, and customer demands. In addition, suppliers in the automotive 
industry spend twice as much on R&D as large carmakers (Dannenberg & Burgard 
2007). This provides a fair indication of the collaboration on innovation in which SMEs 



 

may engage in this industry (Haugh et al. 2010). Finally, recent research on the effect of 
network openness (Xiaobao et al. 2013) but also the suggestion of network effects on 
energy efficiency (Trianni, Cagno & Worrell 2013) seems to overlap in both research 
streams. Thus, the context of established collaborative networks in which the firms 
develop might be also relevant. 

2.4 The conceptual framework 
 

Through recent reviews on open innovation literature (e.g. see Schroll & Mild, 2012), it 
is possible to find studies and evidence on the advantages and effects of adopting open 
innovation. Examples of studies include the effects on the overall firm performance 
(Lichtenthaler 2009), increase of firm´s innovative performance (Lazzarotti et al. 2010), 
exploring external and exploiting internal knowledge (Jaspers & van den Ende 2010), 
firm´s ability to reach different levels of novelty (Laursen & Salter 2006), amongst many 
others. Even though during the last years the scope of open innovation research has 
broadened to study other effects, there are still opportunities to combine different 
management theories and coupling it with other disciplines (van de Vrande et al. 2010).  

In this study we assume that a strong internal innovation capacity i.e. internal R&D is 
a key aspect in open innovation (Xiaobao et al. 2013) and thus, it is a precondition before 
any of the open innovation modes can be practiced. Moreover, as open innovation 
research mostly deals with the exploration and exploitation process across firm´s 
boundaries (Huizingh 2011), we choose to consider only inbound and outbound practices. 
This differentiation is important for us, as in previous pilot studies we have seen the same 
tendency of higher inbound practices than outbound. The pilot studies have been 
conducted in SMEs in mature industries, thus the preliminary results align to previous 
studies where outbound activities are present but do not have a major role in the adoption 
of open innovation (Chiaroni et al. 2010; Chesbrough & Crowther 2006; Ili et al. 2010).  

Therefore, we assume that in the context of SMEs in mature, asset-intensive 
industries, the outbound activities have a partial mediation effect in industrial efficiency 
performance. This assumption implies that inbound practices, such as the acquisition of 
new technology, might have a major but related effect as some outbound practices. The 
division of all dimensions namely inbound, outbound and internal innovation capacity 
reflects a not fully correlated multi-dimensional nature necessary to measure open 
innovation and its effects (Huizingh 2011). Finally, the contextual factors briefly 
explained before may support the explanation of the open innovation effect on industrial 
energy efficiency. Figure 1 represents conceptually these relations and this study scope. 
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Figure 1 An illustration of the theoretical framework 

3 Research Design   

3.1 Sample and data collection  

The sample for this study comprises a limited amount of SMEs from Northern Italy 
operating in different energy-intensive industries. To filter the firms by size, we used the 
SME definition promoted by the European Commission based on number of employees 
and annual turnover (i.e. small firms – fewer than 50 employees and less than 10 million 
euro; medium firms – fewer than 250 employees and less than 250 million euro). The 
selected industries produce and transform three types of commodities: cast iron, 
aluminum, and steel. All these industrial sectors are selected because they are well known 
globally for using large amount of energy in their production processes e.g. in 2009 only 
iron and steel sectors accounted for 20.5% of global industrial energy (IIP 2013). In 
addition, the three industries are also selected due to their relation as tier-2 suppliers, 
some in more or less degree, to the automotive industry in Italy and Europe. 

For the initial screening of the firms we used databases from the national association 
or federation of each industry: Assomet, Assofond, and Assovetro. These associations are 
all members of Cofindustria, the main organization representing Italian manufacturing 
companies. The region of Northern Italy was chosen for two main reasons. First, most of 
the firms in the national associations, including the associations’ main offices, are located 
in the north and more industrialized part of Italy. Second, some regions of Northern Italy, 
such as Lombardy, present a high propensity for innovation and have been previously 
chosen to study technology and innovation topics (e.g. see Lazzarotti et al. 2010). In 
some cases the associations played an important role in providing proper contacts for the 
firms e.g. Assofond provided a list of firms known for supporting frequently research 
with universities or research institutes. A note of caution here is appropriate: Even though 
it was desired to study equal number of firms per industry or other commodities, the 
amount of firms varies greatly e.g. there are only 3 SMEs producing glass in Italy. Thus, 



 

it is recognized the size of the sample not being equal and statistically representative in 
all cases; nevertheless, it is still of interest for the purpose of this exploratory study. 

The data were collected through a questionnaire whose items were divided in five 
sections related to the firm´s demographics, adoption of open innovation practices, 
energy efficiency level, adoption of energy-efficient technologies, and perception of 
barriers to energy efficiency. The final questionnaire was a result of refining a larger set 
of questions through four pilot case studies (only in the aluminum and iron cast 
industries) yielding 65 relevant questions for this study. To ensure respondents in Italian 
firms fully understood the questionnaire, we used a double translation procedure (Cheng 
& Huizingh n.d.). Two authors made independent translations of the questionnaire from 
English to Italian and later a third academic reconciled the translations. The 
questionnaires were sent to top management selected as key respondents due to their 
direct role in the strategy and operations of the firms e.g. the general director, the 
operations director or the plant manager. This approach served the study purpose as it is 
common that in Italian SMEs this kind of key employees are deeply involved with 
strategic firm´s decisions such as innovation, technology and efficiency topics (Lazzarotti 
et al. 2010). After sending the questionnaires a follow-up telephonic call was made to 
ensure the response from the firm. In many cases, this step helped to increase the 
response rate, as it was easier and faster for top managers to complete the questionnaire 
with the support of a researcher. 

3.2 Variables and measurement 

To gauge the variables of the framework some measures were created while others were 
quantified through scales and list of concepts from previous research. This difference in 
measuring tools is expected since some concepts in this study can be objectively 
measured e.g. specific energy consumption, but the measurement of others is less 
straightforward e.g. the construct of open innovation cannot be measured directly 
(Schroll & Mild, 2012).  

On one hand, we shaped our own scale to measure different innovation activities 
inside the firms. Despite the process of harmonization based on the Oslo Manual, 
innovation indicators in surveys still have significant differences (OECD, 2013). Even if 
scales for measuring internal innovation have progressed, the indicators for measuring 
external engagement in innovation or the adoption of open innovation are subjective, 
slightly comparable and not comprehensive (Cheng & Huizingh, n.d.; Schroll & Mild, 
2012). Therefore, the questions to measure internal Technology Innovation and Open 
Innovation activities were derived from different sources. These sources were from two 
types: innovation questionnaires, and concepts obtained from literature relevant for the 
researched context.  

Within the first group, we considered the latest public Community Innovation Survey 
(CIS) from 2010 for questions about internal technology innovation activities, while the 
IMP3rove assessment (Brunswicker & Vanhaverbeke, 2011) and the Open2-Innova8ion 
Tool (Caird, Hallett, & Potter, 2013) were used for more focused questions about Open 
Innovation. In the second group, we included concepts related to open innovation modes 
and practices from studies relevant to the context of the firms studied and from recent 
publications with a broader audience (e.g. Laursen & Salter 2006; Lazzarotti et al. 2010; 
Ili et al. 2010; European Commission 2013b). Finally, we confirmed that the innovation 
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section in the questionnaire included at least similar items for inbound and outbound 
activities from a recent open innovation scale (Cheng & Huizingh, n.d.).   

On the other hand, we took from literature three indicators to measure energy 
efficiency. These indicators were considered due to their ease to be obtained from firms 
and to their current relevance in industry and research. The first chosen energy efficiency 
indicator is determined in terms of specific energy consumption, which is defined as the 
total amount of energy required for producing a tone of material. The energy consumed 
for production processes in the selected firms can be measured in different units 
depending on the energy source (i.e. heat coming from gas, coke or electricity). Each 
industry (and its commodity) has its own theoretical, practical minimum and current 
practice benchmark value to consider a process to be energy-efficient. For instance, 
aluminum has a theoretical minimum value of 9.03 kWh/kg, (although impossible in 
practice) with a practical minimum value, targeted to lower down to 11 kWh/kg by 2020, 
dependent on the best available technology (BAT), as well as best energy management 
practices (BCS, 2007).  

The second indicator is operationalized through a list of best available technologies 
(BATs) for the processes of each specific commodity. For some materials like steel the 
BATs are extensive while for others like aluminum are more limited. In all cases, the 
BATs were taken from scientific literature, reports or industry benchmarks (e.g. IETD 
2013). When several were available, we considered only the 10 most used BATs in the 
industry or the ones with highest impact on energy efficiency. The third indicator relates 
to the barriers to energy efficiency as these are directly related as obstacles to adopt 
energy-efficient technology (Trianni et al, 2012). We used a recent and novel approach to 
measure barriers to the adoption of industrial energy-efficient technologies (Cagno, 
Worrell, Trianni, & Pugliese, 2013). This approach uses a taxonomy based on perceived 
barriers by the firm as these have a direct effect on the decision-making process of a firm 
e.g. a firm would pursue new technology only if it believes it is outdated with its current 
technology. 

Both sets of constructs i.e. innovation and energy efficiency indicators, were 
measured either by single or multiple direct questions. The innovation activities section 
besides asking few closed-ended questions, it mostly used a 1-4 Likert scale measuring 
the degree of importance of specific innovation activities e.g. 12 items for inbound and 6 
for outbound. To measure the specific energy consumption a scale with 3 thresholds 
depending on the industry and commodity was used. To quantify the adoption of BATs in 
each industry a binomial scale (0 for not used, 1 for used) was used with an average list 
of 10 technologies per commodity. Finally, the perceived importance of barriers to 
energy efficiency was measured on a seven-item four-point Likert scale ranging (from 1 
– ‘not important’, to 4 – ‘very important’), previously used in literature (Trianni et al. 
2013). A summary of the sample and the sources for the adapted measurement scales is 
shown in Table 1. 

 
 
 
 
 
 
 
 



 

Table 1 Sample of firms and sources of measures 

Industry / 
Commodity 

Association         
in Italy 

No. of        
SMEs 

Theoretical and benchmark 
values for energy levels 

List of Best Available 
Technologies 

Aluminum  ASSOMET 
National 
Association of 
Non-ferrous 
Metal Industry 

3 U.S. Energy Requirements 
for Aluminum Production 
Global Industrial Energy 
Efficiency Benchmarking 
 

U.S. Energy 
Requirements for 
Aluminum Production 
 

Cast Iron ASSOFOND 
National 
Federation of 
Foundries 

6 Smitheries and Foundries 
BREF from European 
Commission 
Foundrybench D19 
 

Smitheries and Foundries 
BREF from European 
Commission 
IETD 2013 

Steel FEDERACCIAI 
Federation of 
the Italian Steel 
Companies  

1 Manufacturing of Steel 
BREF from European 
Commission 

BAT Conclusion from 
European Commission 
IETD 2013 

3.3 Method  

Once data from all the firms have been collected, we analyzed it through quantitative and 
qualitative methods, similar to previous studies dealing with the measurement of causes 
affecting energy efficiency (Trianni, Cagno, & Worrell, 2013). Even though it would be 
desire to look for casual relations with similar methods in Open Innovation literature, like 
using Structural Equation Modeling (e.g. see Xiaobao et al. 2013), we believe the size of 
the data will not be adequate for such type of analyses. However, we will attempt in some 
degree, to evaluate if methods used in open innovation empirical studies e. g. exploratory 
factor analysis (Cheng & Huizingh, n.d.) could be done. Considering the limitations of 
our sample for statistical tests, we choose to use a multiple-case study research involving 
the 10 firms of the tree industrial sectors previously mentioned. This implies, a probable 
step that can involve closer follow up to only some of the firms that exhibit the most 
unexpected results to investigate further about their uniqueness. Other possible analyses 
included the clustering of firms with similar results or trends and investigating the 
correlation of some concepts.  

4 Results and Discussion 

Previous findings in four pilot case studies seemed to offer evidence of a positive relation 
between certain open innovation practices and the adoption of energy efficiency 
technologies and practices in SMEs. This relation was further studied with still small but 
larger sample of 10 firms in total. 

As it was expected, all the firms rated as ‘very important’ to be energy efficient. 
However, when comparing their specific energy consumption, half indicated to have 
‘acceptable’ levels and the other half to have ‘good’ ones. This shows that even though 
energy efficiency is of great relevance for these firms, none of them aims for 
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‘outstanding’ energy levels. This situation contrasts with the existence of an energy 
manager in all the firms but one where unsurprisingly the rate of energy-efficient 
technologies is lower than the other firms as well as its specific energy consumption. 
Interestingly, only one of the firms has an innovation manager who seems to influence 
not only the higher rate of energy-efficient technologies but also the high degree of 
internal innovation and Open Innovation inbound practices. On average all firms 
answered to have adopted 5 to 10 energy-efficient technologies in the last 3 years, but the 
adoption rate of BATs shows the use of only two-thirds (less than 5) technologies for 
each commodity. Different sets of analysis seemed to offer evidence that 2 of the firms 
with higher overall innovation level exhibit higher adoption rate of BATs, ‘good’ level of 
energy consumption and lower barriers to energy efficiency.  

This study reinforces previous findings (Trianni, Cagno & Worrell 2013) and 
contributes additional evidence that suggests the higher degree of OI Inbound activities 
within a firm, the lower the barriers to energy efficiency related to lack of information 
and technology; and thus also higher energy efficiency performance. Conversely, the 
lower degree of OI activities within a firm, the higher the barriers to energy efficiency 
related to competences, and economical issues. The study also provides initial evidence 
that firms with greater adoption of OI inbound practices have a higher implementation 
rate of Best Available Technologies; however, there is no evidence that shows outbound 
practices having a significant effect on the adoption of BATs and on increasing the 
overall degree of energy efficiency. Nevertheless, as the current exploratory study is 
based on a limited number of case studies, it does not allow generalizing some findings. 
Further research should therefore concentrate on investigating a larger sample in which 
the analysis considers OI practices separately, not only aggregately, as if this can have a 
different effect on financial and innovation performance (Mazzola, Bruccoleri, & 
Perrone, 2012), then it could also affect energy efficiency and industrial performance. 

5 Conclusions  

According to the ‘Digital Agenda for Europe’, an initiative of Europe 2020 strategy, 
Open Innovation is one important component of the European Innovation System 
considering a Quadruple helix innovation model (European Commission, 2013b). In the 
same way, energy policies to reduce energy consumption in Europe are part of the targets 
of the Europe 2020 strategy. We believe there is an opportunity to link research in the 
two disciplines dealing with these important challenges.  

Therefore, first and foremost, we expect that other academics will gain inspiration to 
combine open innovation research with other relevant topics from different areas. Just 
considering eco-innovation, energy management practices and energy efficiency 
measures provide multiple opportunities to begin a new research stream in the open 
innovation literature. We aimed to present preliminary but well grounded results to 
stimulate the debate about the scope extension of open innovation into interdisciplinary 
research (van de Vrande, Vanhaverbeke, & Gassmann, 2010). Likewise, we expect our 
results extended the knowledge and efforts to advance an open innovation theory that 
explains properly the influence on firm performance (Jaspers & van den Ende, 2010). 

Returning to the question posed in the title, based on the preliminary results it is 
possible to say that even though not all innovation practices have a relation with energy 
efficiency, some others have a direct effect as enablers of energy efficiency performance 



 

in SMEs. This is the case found with Open Innovation inbound practices, which seem to 
support firms to increase its rate of energy-efficient technologies and also decrease some 
barriers to energy efficiency. We think practical contributions of this study give specific 
and interesting insights about industrial energy efficiency, which is a crucial topic under 
the present-day agenda of almost every firm and energy policy-makers. We believe 
practical contributions are offered to SMEs. For instance, as SMEs usually lack the 
resources and time to evaluate thoroughly open innovation investments and their 
outcomes, they may consider the assessment of the barriers to adopt energy efficiency 
technologies as a clear way to evaluate open innovation practices after their 
implementation. 
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