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Abstract 
The role of eco-innovation is regarded as an important factor in the quest for green growth and 
the road towards a sustainable society. To achieve truly sustainable development more radical 
eco-innovation is needed. Information communication technologies (ICT’s) are seen as 
important enablers for green growth, since they possess the characteristics of a general purpose 
technology (GPT). As GPT, ICT is able to spawn eco-innovation. The use of ICT for eco-
innovation is conceptualized as Green ICT. Two branches exist within Green ICT; Greening of 
ICT (GoI) and Greening by ICT (GbI). The former aims to reduce the environmental impact of 
ICT itself, while the latter employs ICT applications in other sectors to improve their 
sustainability. Policymakers and scholars alike have acknowledged the huge potential of 
Greening by ICT innovation for the sustainable transition. 
 
Literature pointed out that radical or breakthrough innovations build upon emerging 
technologies, which are new or recent technologies. Relying on newer technologies as input for 
innovation increases the potential of breakthrough innovation. In order to exploit the newest 
technologies, firms need to possess sufficient innovative capabilities. Absorptive capacity is 
seen as an important firm capability to leverage new external knowledge and to create radical 
innovation. Furthermore, the age of the firm, which reflects the accumulated experience, also 
influences the ability to appropriate emerging technologies. Older firms have a higher chance 
of experiencing organizational inertia compared to their younger counterparts. Organizational 
inertia lowers the ability of a firm to keep up with the newest trends, which results in building 
innovation upon older technologies.  
 
This research aims to shed light on the role of innovative capabilities towards the breakthrough 
potential of Greening by ICT (GbI) innovation. The first part of the analysis characterizes the 
Greening of ICT and Greening by ICT domains by extracting European Patent Office (EPO) 
patent data from 1977 to 2015 and consulting the CPC-Y classification of the Cooperative 
Patent Classification (CPC) system. The analysis revealed the underlying subdomains and their 
respective sizes. For both GoI and GbI ICT-intensive companies are the biggest contributors to 
innovation. Moreover, the domains experience substantial growth in overall innovation output. 
The second part of the study tests two hypotheses: (I) Firms with greater ICT-related absorptive 
capacity produce GbI innovation based on newer prior art compared to firms with lower ICT-
related absorptive capacity; (II) Firms recently active in GbI produce GbI innovation based on 
newer prior art compared to their older counterparts. To perform the analysis, a patent-level 
dataset is created for the years 2011-2015. The results are generated by negative binomial 
regression models. The findings support the hypotheses: firms with high ICT-related absorptive 
capacity and firms new to the GbI domain produce innovation with higher breakthrough 
potential, since they are based on newer prior art.  
 
The results of this study have important consequences for policymakers and scholars. The 
separate identification and the sector-based characterization of the GbI and GoI domains 
provides Green ICT researchers with new opportunities for research. Furthermore, the 
importance of ICT-specific absorptive capacity and domain-specific age of firms on the 
potential of breakthrough GbI innovation makes it possible for policymakers and managers to 
better address the need for radical eco-innovation. Future research can improve the findings of 
this study by updating the characterization of the GbI and GoI domains to the latest version of 
the CPC-Y classification. Also, scholars should look into the definition of radical eco-
innovation to improve the comprehension of what defines radical eco-innovation and how it 
best can be pursued. 
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1  Introduction 

1.1  Problem definition 
Over the years, there has been increasing awareness around scholars and policymakers of the 
crucial role eco-innovation plays in the road towards sustainable development (Díaz-García et 
al., 2015). However, the present pace of the improvements in resource efficiency is too slow 
and will unlikely be adequate to tackle the environmental challenges (OECD, 2012). Gradual 
improvements of existing technologies, in the form of incremental innovation, to resume the 
“business as usual” is not enough to achieve the emission targets (Hellström, 2007). Incremental 
advances in eco-innovation have the tendency to introduce lock-in into the existing trajectories. 
In order to achieve truly sustainable development, more radical eco-innovations are necessary 
(Hellström, 2007; OECD, 2012). 
 
Radical or ‘breakthrough’ innovations have a high degree of novelty and form the basis for new 
unexplored technological trajectories (Henderson & Clark, 1990; Ahuja & Lampert, 2001). 
Breakthrough innovations tend to build upon emerging technologies, meaning they use new or 
recent prior art as technical knowledge input (Ahuja & Lampert, 2001; Arts & Veugelers, 
2012). Ahuja and Lampert (2001) explain that the likelihood that high quality combinations of 
the elements of novel technologies are already explored and exploited is significantly lower 
compared to combinations based on mature technologies. Therefore, emerging technologies are 
associated with significantly higher potential for the achieving the creation of breakthrough 
inventions. Nevertheless, not all firms are able to fully exploit new technologies as input for 
innovation, since firms differ in their innovative capabilities.  
 
Sarkar (2013) mentions that enabling technologies are vital for the success of radical 
innovation. One important enabler in today’s digital economy is Information and 
Communication Technology (ICT). Scholars and policymakers have reached consensus about 
the ability of ICT to be a crucial driver of green growth and sustainable development, since ICT 
can be regarded as a general purpose technology (GPT). GPT’s are characterized by their 
pervasiveness, scope for improvement and ability to spawn innovation. The important role of 
ICT is even more evident considering that a significant share of eco-innovations are based on 
ICT (OECD, 2010; Ropke, 2012; Cecere et al., 2014; Hankel, 2014). ICT’s can therefore be 
regarded as enabler for eco-innovation, provided that the positive impact of ICT on the 
environment is maximized and the negative effects are minimized. ICT-based eco-innovation 
is conceptualized as Green ICT, for which two branches exist; Greening of ICT (GoI) and 
Greening by ICT (GbI) (Bomhof et al., 2009). The former intents to reduce the environmental 
impact of ICT itself, while the latter uses ICT to increase the sustainability in other sectors. The 
CO2e abatement potential of Greening by ICT innovation is expected to be enormous and 
multiple times greater compared to the expected footprint of ICT by 2030 (Global e-
Sustainability Initiative, 2015). This indicates that Greening by ICT can make a significant 
contribution to the greening of today’s economy. Exploring the conditions of radical innovation 
within this domain should therefore be beneficial for the sustainable transition.  
 
Green ICT is promising as enabler of sustainable development, especially Greening by ICT. 
Given the potential of GoI and GbI, it is important to identify and characterize the domain and 
its key players. The foregoing discussion also implies that exploring the conditions for 
breakthrough innovation in Greening by ICT can be an important step towards increasing the 
pace of radical eco-innovation in general. For that reason, this study additionally investigates 
the role of innovative capabilities in breakthrough innovation for the Greening by ICT domain. 
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The focus is on the relation between a firm’s innovative capabilities and the extent to which it 
builds upon the newest technologies. 

1.2  Embeddedness in literature 
Verdecchia et al. (2017) and Gholami et al. (2016) argue that the Green ICT field is still 
immature and the research community needs to step up the research effort. The lack of studies 
investigating the main research activities of Green ICT is often pointed out in literature 
(Tuskeen et al., 2014). Also, a scarcity exists in academic literature of papers empirically 
investigating the innovation dynamics within the Green ICT domain. One noteworthy 
contribution is the paper by Cecere et al. (2014), who enriched the Green ICT literature with an 
important empirical work on the identification of the Green ICT technological domain. They 
provided evidence that ICT acts as enabler for eco-innovation, considering its characteristics as 
GPT. Furthermore, they showed that the technological domains within Green ICT are 
characterized by high growth and substantial entry. The authors did not however make a 
distinction between Greening of ICT and Greening by ICT. On logical grounds, it can be argued 
that the two domains should be investigated separately, since they differ in context and potential 
to tackle environmental damage.  
 
Literature already pointed out the importance of emerging technologies as a crucial knowledge 
base for radical innovation (Sørensen & Stuart, 2000; Fabrizio, 2009; Nemet & Johnson, 2012; 
Arts & Veugelers, 2012; Keijl et al., 2016). Therefore, this study focuses on literature 
investigating the role of  innovative capabilities on the ability to exploit new or recent 
technologies. The difference in capabilities between firms is found in the distinctness of their 
organizational routines (Teece et al., 1997). To keep up with the continuous advancements 
within the environment, firms must develop, refine and exploit capabilities. Teece et al. (1997) 
state that dynamic capabilities resemble the ability of a firm to alter and renew its routines. 
Absorptive capacity is regarded as an important dynamic capability and determines to what 
extent a firm is able to recognize and exploit new external knowledge (Cohen & Levinthal, 
1990; Zahra & George, 2002). Therefore, firms with higher absorptive capacity are better in 
leveraging emerging technologies. Furthermore, absorptive capacity is seen as an essential 
capability for acquiring radical innovation performance in environments characterized by high 
turbulence (Forés & Camisón, 2016). Apart from Fabrizio (2009), who positively related 
absorptive capacity enhancing activities to new technology exploitation, not a lot of scholars 
relate absorptive capacity to the recency of prior art firms build upon.  More empirical evidence 
could be found on the positive relation between absorptive capacity and breakthrough 
innovation (Cheng & Chen, 2013; Flor et al., 2018). On the other hand, firms that experience 
organizational inertia have a lower level of adaptability to changes in their environment 
(Hannan & Freeman, 1984). Mature firms are much more prone to competency traps compared 
to young firms (Sørensen & Stuart, 2000; Balasubramanian & Lee, 2008). As a result, young 
firms tend to create innovation build upon more recent prior art. However, not all scholars found 
empirical evidence supporting this claim. The results of the study by Nagaoka (2007) for 
example found that firm age and the recency of cited technologies are negatively related, 
indicating that older firms use newer technologies as input for their own innovation.  

1.3  Scientific contribution 
This study focuses on identifying the Greening of ICT and the Greening by ICT domains, while 
also investigating the role of innovative capabilities on the conditions for radical innovation in 
the GbI domain. Therefore, it picks up the emerging trend of Green ICT and the aforementioned 
research gaps in literature on Green ICT. By investigating the conditions for breakthrough 
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innovation in GbI, the research also addresses the need for radical eco-innovation. Therefore, 
the main research question to articulate the research problem is: 
 

“To what extent do the innovative capabilities of the firms active in the Greening by ICT 
domain play a role in breakthrough innovation?” 

 
And the sub questions are: 
 

“What are the distinctive patterns of innovative activity in the Greening of ICT and 
Greening by ICT technological domains?” 

 
“To what extent does a firm’s absorptive capacity have an effect on its Greening by 

ICT innovation  quality?” 
 

“To what extent does a firm’s active years in the Greening by ICT have an effect on 
its Greening by ICT innovation quality?” 

 
First, the GoI and GbI domains are characterized by using a novel patent classification scheme. 
Furthermore, the subdomains of each domain are identified, a trend analysis for both domains 
is provided and lastly the most innovative companies are listed per domain. The second part of 
this study analyzes the role of innovative capabilities in the creation of breakthrough innovation 
in Greening by ICT by focusing on the relation of absorptive capacity and firm age towards 
prior art recency. Two hypotheses are created to address the last two sub questions and are 
tested by running a regression model.  
 
The paper is organized as follows. Chapter two discusses the literature relevant to the concepts 
of this study and outlines the hypotheses to be tested. The third chapter describes the data 
collection, the conceptualization of the variables, and the methodology. Chapter four presents 
the results of the analyses. The fifth and final chapter concludes the paper.  
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2  Literature review 
This section provides an overview of the theories relevant to this study. First, the background 
theory on ICT and its economy-wide effects are discussed along the concepts of general purpose 
technology and Green ICT. The second paragraph elaborates on the theory relevant for 
addressing the research questions. The concept of innovative capabilities is examined, focusing 
on absorptive capacity and organizational age. The last paragraph provides a brief summary of 
the relevant concepts given in this chapter.  

2.1  Background theory 
The following paragraphs provide insight into the impact of ICT as general purpose technology 
on the economy and subsequently its impact on the environment. The background literature is 
needed to understand how ICT can be seen as an important enabler for green growth in today’s 
society.   

2.1.1  ICT and its economic importance 
Information and communications technologies (ICT’s) are seen as the main driver of today’s 
digital economy by policymakers and business practitioners. The digitalization of our society 
has led to the acknowledgement of the great economic and social importance of ICT (Ropke, 
2012). The prospected future change spurred by technical advancement in ICT is huge. 
Consumers and companies alike depend heavily on ICT and the reliance continues to grow as 
the global digital transition reaches higher levels.  
 
Firms use various ICT’s to conduct their business, e.g. the widely adoption of broadband 
connection (OECD, 2015). According to the Organization for Economic Co-operation and 
Development (OECD), ICT and its sector can be described as follows: “ICT refers to both 
different types of communication networks and the technologies used in them. The ICT sector 
combines manufacturing and services industries whose products primarily fulfil or enable the 
function of information processing and communication by electronic means, including 
transmission and display. The ICT sector contributes to technological progress, output and 
productivity growth. Its impact can be examined in several ways: directly, through its 
contribution to output, employment or productivity growth, or indirectly, as a source of 
technological change affecting other parts of the economy, for instance” (OECD, 2018). The 
ICT sector provides the digital economy with crucial ICT technologies on which the current 
economy is built upon. The important role of ICT as enabler for economic growth and its 
pervasiveness throughout the economy has been recognized by scholars as well (Inaba & 
Squicciarini, 2017). Corrocher et al. (2007) argue that ICT can be regarded as key sector in the 
economy, as it induces general productivity growth and is responsible for economy-wide 
technical change. Furthermore, on micro and macro-economic level, ICT is associated with 
international competitiveness and competitive advantage (Cecere et al., 2014). On these 
grounds, scholars argued ICT can be considered as general purpose technology (GPT). As 
general purpose technology, ICT has the potential to spawn innovation in other sectors (Cecere 
et al., 2014). The impact ICT is able to exert in the sectors applying the technology has increased 
the interest in their development path. The next paragraph outlines the concept of GPT as found 
in academic literature. 

2.1.1.1 General purpose technologies 
General purpose technologies (GPTs) are important drivers of technological progress and 
economic growth. GPTs are able to affect an entire economy, both on national and global level. 
Over the history, multiple technologies have emerged that played a key role in the process of 
growth. Important examples are the steam engine and electricity. These technologies had a huge 
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impact on economic growth and social structures, as they fostered technical change in a wide 
range of sectors adopting the technologies (Helpman & Trajtenberg, 1994).  
 
During its lifetime, a GPT keeps evolving and experiences continuous advancements. 
Simultaneously, the GPT will diffuse throughout the entire economy, encouraging and giving 
rise to generalized productivity gains. An important argumentation behind it is the ability of 
GPT to trigger an avalanche of complementary innovations; e.g. the lightbulb after the 
introduction of electricity. Advancements in GPT technology incentivizes more sectors to adopt 
and exploit the GPT. In addition, the increasing number of user sectors and their associated 
complementary advances will also increase the adoption rate of the GPT due to the 
attractiveness its gaining. As Helpman and Trajtenberg (1994) explain, these are both reasons 
for the increase in demand of GPT, which brings about new technical progress in the generic 
technologies, and consecutively will introduce a new wave of advances in the downstream 
sectors.  
 
In the successive paper of Bresnahan with co-author Trajtenberg, they acknowledge the role of 
GPT’s as ‘enabling technologies’. Generic technologies open up new opportunities instead of 
providing finalized solutions. The authors speak of ‘innovation complementarities’, defined as 
the phenomenon where “the productivity of R&D in a downstream sector increases as a 
consequence of innovation in the GPT technology” (Bresnahan & Trajtenberg, 1995, p. 84). 
Similar to the explanation of Helpman and Trajtenberg (1994), the surge in complementary 
innovation will incentivize innovation in GPT. The positive feedback from GPT sector to user 
sectors and vice versa acts as reinforcing loop that will bring along economic growth. This 
process is also referred to as ‘dual inducement mechanism’ (Bresnahan & Trajtenberg, 1995).  
 
Bresnahan and Trajtenberg (1995) proposed a framework of analysis to illustrate how 
incentives to innovate arise in GPT producing and application sectors. Fig 2.1 delineates the 
framework and its associating theoretical model as originally drafted by the authors.  
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Figure 2.1 GPT framework of analysis by Bresnahan and Trajtenberg (1995) 

The figure above depicts the GPT producing sector and the downstream application sectors. 
Semiconductors are chosen as an example of a general purpose technology. Downstream 
sectors using semiconductors are quite diverse and range from hearing aids to cars. The GPT 
has a certain technological level, which in the eye of the application sectors can be seen as 
attributes of quality. In their turn, AS’s will also immerse themselves in innovative activities 
with the GPT as input, which lead to their respective levels of technology. The technological 
level of an application sector is viewed as indicator for its ‘performance’. The adoption and 
adaptation of the generic technology by AS is in itself an activity that is innovative. The creation 
of complementary innovation by an AS depends on the extent to which the sector is able to 
successfully appropriate the GPT. 
 
In order for a technology to be classified as a general purpose technology, it must comply to 
the three essential features that are widely accepted by scholars in GPT literature (Cecere et al., 
2014): pervasiveness, improvement, and innovation spawning. First of all, a GPT is pervasive 
when the technology has impact on productivity growth and technical change across numerous 
sectors. This means the adoption of the GPT is widespread throughout the economy. Secondly, 
a GPT undergoes extensive continuous advancements. Progress can be linked to cumulation in 
knowledge capital, but also in the technology itself. Furthermore, the coordination of the 
innovative activities of actors across the GPT producing sector should describe a trajectory that 
can be anticipated. Lastly, GPT’s are able to spawn complementary innovation in a wide range 
of application sectors and uses. These induced advancements can be in the form of process and 
product innovation (Cantner & Vannuccini, 2012).  
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2.1.1.2 ICT as GPT 
The previous paragraph provided an in-depth discussion about the conceptualization of GPT 
and how its inherent characteristics can affect an economy. GPTs are able to exert enormous 
influence on economies as they diffuse throughout the economy and spur complementary 
innovation in application sectors. ICT is regarded as one of the most important GPTs and its 
significance keeps growing considering the continuing digitalization of the global economy.  
 
ICT can be considered a GPT under the condition it exhibits the outlined characteristics. Most 
of the studies that implement the concept of GPT base their underlying theories on the 
framework illustrated by Bresnahan and Trajtenberg (1995). According to Bashir and Sadowski 
(2014) many scholars motivated the acknowledgement of ICT as a general purpose technology 
in academic literature. The authors conducted a literature review with the focus on the concept 
of ICT as GPT. Their survey collected was based on the crucial characteristics of a GPT as 
stipulated by Breshnahan and Trajtenberg (1995). Their study found numerous evidence in 
literature that supports the enabling characteristics of ICT. Apart from the three essential 
features of a GPT, the authors also found evidence regarding another important aspect of a 
GPT; the ability to introduce gains in productivity. They were able to determine that spillovers 
created by adopting and using ICT are experienced by both the ICT producing as the ICT 
application sectors.  
 
One of the first empirical evidence for identifying ICT as GPT was provided by Jovanovich 
and Rousseau (2005). Their study proposed a new method for testing the three essential features 
of a GPT by employing ICT and electricity as subjects for research. The authors examined the 
pervasiveness, scope for improvement and innovation spawning abilities of ICT within the 
boundaries of their proposed methodology. They demonstrated that ICT displays a wide range 
of use across manufacturing sectors, possesses a high scope of improvement reflected in the 
sharp decline of equipment prices, and is able to spawn innovation based on the notion that 
ICT-related patents presage the investment of a firm in new technologies. Another empirical 
contribution to the “ICT as GPT” literature can be found in the study of Cecere et al. (2014). 
The authors provided empirical evidence on the GPT character of ICT by demonstrating that 
ICT is able to spawn eco-innovation. By means of a patent-based method, they were able to 
investigate the innovation dynamics of the Green ICT domain. A more in-depth discussion on 
the work by Cecere et al. (2014) will be provided in paragraph 2.1.3.  

2.1.2  ICT and the environment 
Previous paragraphs pointed out the crucial characteristics of ICT as a general purpose 
technology. Keeping in mind that GPT’s can spread throughout the entire economy, it is 
possible to point out that ICT can exert “wide-ranging socio-economic and environmental 
impacts across sectors” (Cecere et al., 2014, p. 1827). In this way ICT has inherent potential to 
interact direct and indirectly with the environment (OECD, 2010). The interaction can happen 
at the consumption level, but also at the production level. Therefore, ICT could be promising 
as a crucial driver of sustainable development. Nevertheless, the technology doesn’t only come 
along with positive effects.  
 
The OECD (2010) categorized the environmental impacts of ICT into three distinct groups; 
first-order effects, second-order effects, and third-order effects. Figure 2.2 illustrates the 
framework regarding the interaction of ICT with the environment. 
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Figure 2.2 Framework of ICT impact on environment (OECD, 2010) 

The direct impacts (also called first-order effects) of ICTs with respect to the environment are 
connected to the full lifecycle of ICT, meaning the impacts are triggered by the physical 
existence of ICT products and processes. The first order effects can manifest themselves as 
positive or negative influences. The enabling impacts (or second-order effects) are 
environmental impacts brought about by the use of ICT applications with the potential to 
positively or negatively alter the environmental footprint of economic activities, like 
production, and the resource-efficiency of consumption. Finally, the systemic impacts (third-
order effects) are linked to the medium and/or long-term changes in behavior  and economic 
structures, and encompass the intended or unintended outcomes of economy-wide application 
and consumption of ICT products and services.  
 
Hilty (2008) presented a more extensive conceptual framework for the impact of ICT on the 
environment. The framework is similar to the one proposed by OECD (2010), but contains two 
extra dimensions; ICT as part of the problem and ICT as part of the solution. Figure 2.3 
illustrates the scheme created by Hilty (2008). Similar to the scheme of OECD (2010), the 
model presented by Hilty (2008) consists of three levels; direct effects, enabling effects, 
systemic effects. However, one significant contradiction exists between the works of Hilty 
(2008) and OECD (2010). The OECD talks about positive direct effects, such as energy 
efficiency gained in ICT production introduced by more efficient ICT applications, while Hilty 
(2008) states there are no such effects. Nevertheless, the disagreement in theoretical 
frameworks is not of interest to this study. 
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Figure 2.3 Three-level model of ICT-related environmental impact (Hilty, 2008) 

The three-level model shows multiple categories of impact caused by ICT as generic 
technology. The model distinguishes four types of enabling effects; induction effects, 
obsolescence effects, substitution effects and optimization effects. The former two are 
associated to the problematic side of ICT, while the latter two represent positive enabling 
effects. The definitions are as follows: 
 

 Induction effects happen when the application of ICT results in an increase of demand 
for another product. 

 Obsolescence effects occur when ICT shortens the time of usefulness of another product 
as a result of incompatibility. 

 Substitution effects appear when the use of ICT takes over the application of another 
product.  

 Optimization effects arise when the application of ICT results in the reduction of use of 
another product. 

 
The third level of the model, the systemic effects, refers to the medium- and/or long-term 
reaction of society to the adoption and use of ICT applications. On the negative side the model 
characterizes rebound effects and emerging risks. The former one is discussed in paragraph 
2.1.2.1. Emerging risks relate to possible dangers triggered by the deep integration of ICT, for 
example cyberthreats. The positive systemic effects can be observed in the potential of ICT to 
assist in the transition towards sustainable production and consumption. The next two 
paragraphs briefly contrast the positive and negative impacts of ICT on the environment, with 
the purpose to get an understanding about the opportunities and pitfalls of ICT as enabler for 
sustainability.  

2.1.2.1 ICT as problem 
Despite the commonly accepted recognition of ICT as a significant contributor to social and 
economic development, the technology is also associated with unsustainability. Considering 
the GPT characteristics ICT possesses, not only its efficiency gains diffuse throughout the entire 
economy, but also the magnitude of its negative direct and indirect impact on the environment 
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increases. In literature the concept of “ICT and unsustainability” is widely discussed. The 
adverse effects of ICT on the environment can manifest on several levels (figure 2.3). 
 
A good example of a significant direct impact of ICT on the environment is its contribution to 
the electronic waste (e-waste) problem. Widmer et al. (2005) point out that e-waste is an 
emerging problem and is identified as being hazardous according to the Basel Convention. If 
the problem of electronic waste is not managed correctly, it would greatly impair the 
sustainability of ICT (Heeks et al., 2015). Teppayayon and Bohlin (2009) argue that ICT 
induces numerous intricate effects on sustainability. They point out the contrast in the ability 
of ICT to enable energy efficiency in other sectors, but at the same time are also introducing 
rebound effects. Rebound effects occur when efficiency gains introduced in, for example, a 
product do not result in similar gains on macro-level (OECD, 2010). Picture the situation where 
all households in a certain country were to adopt and use a new, and improved electronic 
appliance. The improved technical configuration of the appliance enables a 20% save in energy. 
However, the savings in energy could incentivize consumers to use the product more often, 
resulting overall in less efficiency gains in the application area. The authors discuss the 
questionable sustainability of broadband development. They state that the advantages of the 
information society such as the reduction in the constraints of time and distance could be 
outweighed by the negative environmental effects of the rising consumption of information and 
the developing net-based market structure. Ropke (2012) also discusses the broadband 
transition, but primarily focuses on the energy impacts. By applying the transition theory, the 
author was able to analyze unsustainable development within broadband and how it is possible 
to take countermeasures. Unsustainable trends are mainly associated with issues in 
consumption behavior. The study urgently calls for regulation in the direction of ICT innovation 
by increasing the advantageous effects of ICT, while discouraging the negative effects. The 
sustainability regarding the broadband transition can only increase if serious transformations 
on socio-economic level happen that are able to tackle unfavorable consumption behavior. 
Gossart (2014) makes a distinction between direct and indirect rebound effects. Direct rebound 
occurs when the energy savings in a certain application also result in an increased demand for 
the same application, while for indirect rebound efficiency gains in one product leads to 
increased consumption of another. Overall, ICT as GPT can trigger economy-wide rebound 
effects, despite its ability to introduce widespread energy-efficiency across all economic 
sectors.  

2.1.2.2 ICT as solution 
The previous paragraph provided insight into some of the direct and indirect adverse effects of 
ICT on the environment as discussed in academic literature. Nonetheless, ICT as generic 
technology also has the potential to act as an enabler of green growth (Ropke, 2012). Scholars 
and policymakers alike acknowledge the promising possibilities of ICT to positively interact 
with the natural environment on different levels. In 2010 OECD (2010) published a report on 
the potential role of ICT as key enabler of economy-wide green growth. As such, the technology 
plays a vital part in the strategies of governments to spur sustainable development in all the 
sectors of the economy. The report identified manufacturing, transport, energy and buildings as 
the application areas with the most abatement potential. By adopting smart ICT applications, 
sectors can improve the sustainability of their production processes and their consumption 
patterns. Similar assertions are found in literature. Faucheux and Nicolaï (2011) investigated 
the function of ICT in the concept of “Smart Cities”, for which they argued that ICT plays a 
pivotal role. The ICT sector has the ability to enable the other sectors to increase their resource 
efficiency, under the premise that it encourages dematerialization and smart application areas 
like smart buildings, smart logistics and smart grids.  
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The Global e-Sustainability Initiative (GeSI) (2015) published a report on ICT and its potential 
to contribute to the effort in the mitigation of global warming and the promotion of global 
sustainability. Their results pointed out that ICT as enabling technology has promising 
abatement potentials. Figure 2.4 illustrates GeSI’s projected global emission mitigation for five 
sectors; mobility, manufacturing, agriculture, buildings and energy. By 2030 ICT has the ability 
to reduce global emissions by 12 Gigatonnes when applied in other sectors. The total carbon 
footprint of the ICT sector is expected to reach 1.25 Gigatonnes, suggesting smart ICT 
innovations are expected to abate CO2e almost 10 times more than they emit. The highest 
potential for ICT-enabled abatement is attributed to the mobility sector. 
 

 
Figure 2.4 The CO2e abatement potential by sector of ICT solutions by 2030 (Global e-Sustainability 
Initiative, 2015) 

 
On logical grounds, there is no compelling reason to argue that ICT as enabling technology has 
not enough potential to steer green growth. The report of GeSI (2015) shows significant future 
ICT enabled savings in resources. However, most of these savings originate from the 
indirect/enabling impacts. In the study conducted Verdecchia et al. (2017) the results of their 
literature review pointed out that little research is conducted on the systemic impact of ICT, as 
most studies focused on the enabling effects. Verdecchia et al. (2017) focused on “Green ICT”: 
an emerging field about maximizing the positive environmental effects of ICT. In this study, 
the concept of Green ICT plays a central role. The next paragraph reviews the existing literature 
on Green ICT.  

2.1.3  Green ICT 
The previous discussion on the enabling characteristics of ICT highlighted the potential the 
generic technology has for sustainable development and growth. These promising abilities led 
to acknowledgment of scholars and policymakers alike, and resulted in the introduction of a 
new field of research; Green ICT.  

2.1.3.1 Origin of Green ICT 
Eco-innovations are innovations that promote green growth throughout an economy. The 
European Commission (2012) acknowledged the role which eco-innovations can play to obtain 
resource-efficient and environmental friendly growth in Europe. Eco-innovations are composed 
of modified or new techniques, systems, processes and products that aim to avert or reduce the 
overall environmental damage (Arundel & Kemp, 2011). Numerous of eco-innovations are 
embedded with ICT (Hankel, 2014). Think of smart grids, intelligent heating, computer-aided 
design, etcetera. Cecere et al. (2014) confirmed the ability of ICT to spawn eco-innovation 
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across different sectors. Each sector and domain, given their distinctive needs and purposes, 
leverage ICT differently to reach eco-friendly solutions. The impact ICT has as enabling 
technology vary between the greening of processes and products belonging to other domains, 
and inducing behavioral change on systemic level. Self-evidently, greening ICT itself also 
contributes to reducing the overall environmental impact. 
 
The aforementioned enabling properties of ICT to steer green growth led to the introduction of 
the term Green ICT (GI). Originally, the terminology was only used to address its direct effects 
regarding eco-friendliness, thus improving own environmental performance (Hankel, 2014). 
However, over the years after the introduction two branches of Green ICT came into being; 
Greening of ICT (GoI) and Greening by ICT (GbI). The latter represents the indirect and 
systemic effects of ICT and has the most potential. As seen in the previous paragraph, the total 
abatement of CO2e by Greening of ICT is estimated to be almost ten times higher than the 
expected footprint of the ICT sector by 2030. Given this huge abatement potential, it is evident 
Greening by ICT is promising for the promotion of green growth.  

Policymakers and scholars have been discussing and studying the potential of Green ICT. The 
term was first officially introduced by Gartner and defined as “the optimal use of information 
and communication technology (ICT) for managing the environmental sustainability of 
enterprise operations and the supply chain, as well as that of its products, services and resources, 
throughout their life cycles” (Gartner, 2007, p. 1). After introduction by Gartner, Green ICT 
became widely recognized by scholars and policymakers. The OECD for example, an 
international institution that promotes policies for the improvement of worldwide economic and 
social well-being, released a report on Green ICT in 2010. Drawing on the work of Hilty (2008) 
and MacLean & St. Arnaud (2008), the analytical framework in the report provided a 
fundamental base for today’s knowledge about the environmental impact of Green ICT. 
Scholars have investigated the concept of Green ICT through different perspectives and 
disciplines, ranging from adoption to lifecycle analysis (Tushi et al., 2014).  Nevertheless, not 
a lot of studies on the subject are yet available, as Green ICT is still a young field of research 
(Verdecchia et al., 2017). 

2.1.3.2 Innovation dynamics 
The most important empirical work on the innovation dynamics of Green ICT is provided by 
Cecere et al. (2014). The authors performed a patent-based analysis to investigate the patterns 
of innovation in Green ICT. By means of a patent network analysis, they were able to identify 
65 technological domains. Figure 2.5 provides an overview of the most relevant technological 
domains identified by the study. 

 
Figure 2.5 The most important domains within Green ICT (Cecere et al., 2014) 
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The domain Semiconductors is the largest domain regarding underlying International Patent 
Classification (IPC) classes, while the domain Arrangements for testing electric properties and 
locating electric faults is the biggest regarding total number of patents. Overall, the results of 
the study indicate that Green ICT shows a high degree of technological pervasiveness. 
Technological pervasiveness signifies the diversification of the output in knowledge of the 
Green ICT domains, and its high degree provides the confirmation for the authors that ICT is 
able to spawn eco-innovation. Furthermore, Cecere et al. (2015) determined that the domains 
within Green ICT display high growth and substantial entry rates. Both dynamics indicate that 
the technological domain is still emerging. Lastly, a great variety in actors exists, but Green 
ICT is primarily dominated by big ICT companies and universities.  
 
The research of Cecere et al. (2014) didn’t make a distinction between Greening of ICT and 
Greening by ICT domains. Considering the two are different in context and abatement potential, 
it would be wise to investigate them separately. This study identifies and characterizes the two 
types of domains independently and zooms in on the relation between firm capabilities and the 
potential for breakthrough innovation for the GbI domain. More information on the latter two 
concepts of analysis is found in the next paragraph. 

2.2  Innovation performance 
Green ICT is about maximizing the positive impact of ICT in order to stimulate economy-wide 
green growth. As enabling technology, ICT forms a vital base for successful radical eco-
innovation (Sarkar, 2013). Considering radical eco-innovation is desperately needed to truly 
achieve sustainable development, it is possible to argue that Green ICT can play a crucial role 
(Hellström, 2007; OECD, 2012). However, Green ICT as new field of research still lacks 
scientific contributions. Furthermore, almost no literature exists on the characterization and 
identification of Green ICT (Faucheux and Nicolaï, 2011; Ropke, 2012; Tushi et al., 2014). The 
work of Cecere et al. (2014) did identify and characterize Green ICT, but the authors didn’t 
make the crucial distinction between Greening of and Greening by ICT. This study addresses 
the aforementioned research gap by identifying Green ICT by its subdomains Greening of ICT 
and Greening by ICT. Secondly, the potential for radical/breakthrough innovation within the 
Greening by ICT domain is investigated. The innovative capabilities of firms in the form of 
absorptive capacity and experience with routines are central to this analysis. The next 
paragraphs provide a review on the concept of breakthrough innovation and on the innovative 
capabilities captured by absorptive capacity and organizational age. 

2.2.1  Breakthrough potential 
“Radical or breakthrough innovations transform the relationship between customers and 
suppliers, restructure marketplace economics, displace current products, and create entirely new 
product categories” (Leifer et al., 2001, p. 102). Radical innovation are seen as technological 
breakthroughs that possess the ability to create total new markets and break current trajectories 
of technology development (Dolfsma & Leydesdorff, 2009). Breaking out of current 
trajectories implies that breakthrough innovation have the possibility to break out of an 
undesirable lock-in. This is an important feature considering the necessary transition towards a 
sustainable society that requires locking out of unsustainable trajectories.  
 
Literature has pointed out the significant negative relation of the age of prior art and the value 
of an innovation (Sørensen & Stuart, 2000; Fabrizio, 2009; Nemet & Johnson, 2012; Keijl et 
al., 2016). Ahuja and Lampert (2001) provide an explanation on why inventions built upon 
older prior art tend to have lower value. The authors made a distinction between mature and 
emerging technologies. Emerging technologies are characterized as cutting-edge technologies 
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that are new or recent, whereas mature technologies are older, well known and established in 
the industry. Since the latter type have been around for a longer time compared to novel 
technologies, the likelihood that high quality combinations of the elements of mature 
technologies have not yet been exploited declines with their age. Emerging technologies on the 
other hand, are relatively new with respect to their technological elements. For this reason 
Ahuja and Lampert (2001) indicate emerging technologies offer significantly higher potential 
for breakthrough inventions, considering these new technologies are not yet exploited by the 
industry. Breakthrough innovation, also considered to be radical innovation, are innovations 
with a high value and/or quality. Arts and Veugelers (2012) confirm the aforementioned 
findings, as they found technological breakthroughs to build on prior art that has been recently 
developed. The study conducted by Fabrizio (2009), encountered a similar result, as he found 
a significant negative effect of the mean age of prior art an innovation builds upon and the 
quality of that innovation.  
 
On the basis of the evidence currently available, it seems fair to suggest that innovations based 
on new prior art are linked to breakthrough/radical innovation. Therefore, this study uses the 
age of prior art as an indicator for breakthrough potential. This is important, considering the 
focus is on Greening by ICT innovation, a type of eco-innovation. Radical eco-innovations are 
vital for the transition towards a sustainable society, since they have higher sustainability 
potential (Hellström, 2007).  

2.2.2  Innovative capabilities 
The concept of innovation is a popular topic which has been researched by numerous scholars 
from wide-ranging disciplines. For innovation to happen on firm-level, it is guided and directed 
by the search strategies and the organizational routines embedded in the firm (Nelson & Winter, 
1982). Organizational routines are entrenched in the employees and the activities around the 
resources of the firm, and these routines differ for each firm (Teece et al., 1997). The ability to 
renew and alter the routines is found in the dynamic capabilities of a firm. In dynamic markets, 
especially those marked by rapid technological change, it is important to keep up with changes 
in of the environment in order to maintain competitive advantage and ensure firm survival. 
Firms experiencing fierce competition desire to develop capabilities in a faster rate than their 
competitors (Fosfuri & Tribó, 2008).  The current set of a firm’s capabilities is determined by 
the experience and past activities during which it exploited and adapted these capabilities 
(Cockburn et al., 2000).  
 
This study focuses on two facets of firm capabilities: absorptive capacity and the organizational 
age. Organizational age reflects the experience of a surviving, established firm with its set of 
routines, since the firm will have optimized its routines needed to innovate in its market 
(Sørensen & Stuart, 2000). Absorptive capacity on the other hand, has been identified as an 
important dynamic capability, especially in knowledge-based competition (Zahra & George, 
2002). Both concepts are discussed in the following paragraphs.  

2.2.2.1 Absorptive capacity 
The theory of absorptive capacity has been widely investigated by scholars. The first definition 
of the concept was introduced by Cohen and Levinthal (1990, p. 128), defining it as a firm’s 
“ability to recognize the value of new external knowledge, assimilate it and apply it to 
commercial ends”. Innovation is seen as an intricate venture in which new, external and 
internal, knowledge is assimilated, exploited and eventually applied to commercial ends 
(Fosfuri & Tribó, 2008). The partial dependency of  innovation on external knowledge 
underlines the importance of absorptive capacity as part of a firm’s innovative capabilities. 



15 
 

Firms with greater absorptive capacity are able to surpass their competitors in their innovative 
activities, since they are able to capture more benefit from comparable external knowledge 
stocks (Tsai, 2001). On these grounds, literature regards absorptive capacity to be important for 
competitive advantage (Zahra & George, 2002).  
 
Several studies provided empirical evidence on the connection between absorptive capacity and 
breakthrough innovation (Cheng & Chen, 2013; Flor et al., 2018). Flor et al. (2018) found that 
absorptive capacity, in the form of knowledge acquisition, assimilation and application 
capabilities, has a positive influence on the radicalness of innovation. Fabrizio (2009) on the 
other hand, investigated the effect of absorptive capacity enhancing activities on the search of 
innovation. The author determined a positive and significant relation between activities such as 
basic research and cooperation with universities on the recency of the prior art a firm uses for 
its innovation, while at the same time the author also positively related the newness of prior art 
to patent quality. Firms are better in recognizing and absorbing new external knowledge when 
it is similar to their existing knowledge stock (Cohen & Levinthal, 1990). The absorptive 
capacity of a firm is largely the function of the firm’s current stock of knowledge. In other 
words, a firm will not learn a lot when expertise related to the knowledge it aspires to obtain is 
lacking. Cohen and Levinthal (1990) also add that a high absorptive capacity is an indication 
of a firm being able to successfully absorb and exploit external knowledge. Quintana-Garcia 
and Benavides-Velasco (2008) state that prior acquired knowledge enables better recognition 
and assessment of the significance of technological advances. This indicates that exploiting 
external knowledge enables a firm to better keep track of the newest technologies. Finally, Tsai 
(2001) mentions that firms with high absorptive capacity are able to leverage their network 
contacts to access, understand, and exploit the newest technology trends.  
 
The ICT-domain is characterized with rapid advancements, which is found to be correlated with 
the reliance on more recent prior art compared to domains with slower progress (Fabrizio, 
2009). Therefore, firms active in ICT domains tend to use the newest innovations to keep up, 
resulting in younger prior art as input compared to domains that experience slower advance. 
However, as mentioned earlier, not all firms are able to exploit the newest technologies. The 
absorptive capacity of a firm, as dynamic capability, determines to what extent it is able to 
leverage the state-of-the-art prior art. As absorptive capacity is domain-specific (Dushnitsky & 
Lenox, 2005), it is possible to argue that firms experienced in ICT are better in absorbing and 
exploiting the newest technologies to create ICT innovation. Along similar lines, firms active 
in the Greening by ICT domain, which primarily revolves around ICT-based innovations, are 
better capable in exploiting the newest prior art when they have greater absorptive capacity 
related to ICT. On these grounds, the following hypothesis is made: 
 
Hypothesis 1: Firms with greater ICT-related absorptive capacity produce Greening by ICT 
innovation built upon more recent prior art compared to their counterparts with lower ICT-
related absorptive capacity.  

2.2.2.2 Organizational age 
Literature on the relation between firm age and innovation performance is vast. Innovation 
performance can be assessed in several ways. The most common distinction of effectiveness is 
made between the quantity of innovation, innovation rate, and the quality of innovation. 
Scholars have related the concept of firm age to both types of performance. This study focuses 
indirectly on breakthrough innovation, and therefore the literature review is limited to papers 
concerning firm age and innovation quality. 
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Numerous studies found a significant negative effect of firm age on the quality and radicalness 
of innovation (Sørensen & Stuart, 2000; Ahuja & Lampert, 2001; Balasubramanian & Lee, 
2008; Kotha et al., 2011). Sørensen and Stuart (2000) were one of the first to investigate the 
relation between the age of a firm and the quality of innovation. They state older firms tend to 
lose their fit with the demand of the environment. The authors characterized organizational age 
as the reflection of the experience accumulated by a surviving, established firm. Over the years, 
an established firm adapts and optimizes its routines needed to innovate in its active market. 
The empirical evidence of Sørensen and Stuart (2000) confirmed the negative relationship 
between a firm’s active years in an industry and the quality of its innovations, seeing it as a 
decreasing fit of a firm with environmental demands. Balasubramanian and Lee (2008) noted 
that the rate of the decrease in quality along an increase in firm age is greater in industries with 
high levels of technological advancement. The authors also argue firm experience can be 
measured by firm age. However, experience comes with two conflicting effects; learning and 
organizational inertia. The ease of learning is dependent on the features of the knowledge and 
whether the external knowledge is relevant to the needs of the firm (Cohen & Levinthal, 1990). 
Innovative activities such as conducting R&D increase the ability to acquire external knowledge 
and belong to organizational learning. On these grounds, Cohen and Levinthal (1990) theorize 
that the innovative abilities of a firm may develop over time if the firm consistently conducts 
R&D. On the contrary, organizational inertia (also referred to as competency traps in literature) 
reflects the lower level of adaptability of a firm to changes in the environment (Hannan & 
Freeman, 1984). Levitt and March (1988) explain the concept of competency trap as the 
situation in which a lesser procedure brings encouraging results and therefore bounds the firm 
to gather more experience with it, while the effort to keep experienced with superior procedures 
is demotivated by the higher rewards of the inferior one. Despite the ongoing technological 
advancements of the environment, the success of preceding innovation leads to reinforcement 
of the rooted routines within the organization. Another explanation is provided by Nelson and 
Winter (1982) as they explain that the rigidity of organizational routines is also caused by the 
investments costs and the effort undertaken to create and adjust them. If higher quality 
innovation requires significant adjustment of innovative capabilities, experienced firms will 
settle with lower quality innovation, under the condition the firms seek to maximize their profit 
(Balasubramanian & Lee, 2008).  
 
The previous discussion indicates that older firms are more incentivized to rather exploit their 
vested technological domains than trying to get familiar with new fields. However, not all 
empirical studies agree with this statement. Nagaoka (2007) observed that firm age is negatively 
related to the recency of prior art used for innovation, indicating that older firms have superior 
search strategies compared to their younger counterparts. However, the author only used firm 
age as a control variable, thus not providing extensive argumentation about the theoretical 
relation. In line with earlier theory, relying on older technologies for inventions results in lower 
chance of breakthrough innovation. Therefore, older firms are likely to produce innovations 
that are less radical compared to younger firms. This study follows the same line of 
argumentation, as it is based on the expectation that firms new to the Greening by ICT domain 
create innovation based on more recent technologies. Firms that recently entered GbI 
experience less inflexibility or rigidity in their routines related to GbI innovative activities and 
are therefore more incentivized to keep up with the latest technological advancements. On these 
grounds, the following is hypothesized: 
 
Hypothesis 2: Young Greening by ICT firms produce innovation built upon newer prior art 
compared to their older counterparts. 
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2.3  Summary 
ICT is leveraged as GPT throughout the entire economy. Due to its pervasiveness, scope of 
improvement and innovation spawning capabilities, ICT is regarded as important pillar of our 
current digital economy. With an eye towards sustainable growth, ICT is also deemed to be 
enabler for eco-innovation. By maximizing the positive impact of ICT while minimizing the 
negative effects, ICT has the potential to be an important driver for green growth. The use of 
ICT to create sustainable innovation is referred to in the literature as Green ICT. The Green 
ICT domain can be split into Greening of ICT and Greening by ICT. GoI focuses on reducing 
the environmental impact of ICT itself, while GbI relates to the application of ICT to increase 
the sustainability of other sectors. Greening by ICT has the highest abatement potential.  
 
The potential for breakthrough GbI innovation is at its highest when the prior art it is based 
upon comes from the newest generation. Exploiting state-of-the-art technologies as input for 
green innovation increases the likelihood of breakthrough. The extent to which new 
technologies can be exploited depends on the absorptive capacity of the firm. More recent prior 
art is expected to be used as input when the firm has higher absorptive capacity in ICT. On the 
other hand, the accumulated experience in creating GbI innovations could introduce 
organizational inertia, leading to innovation search that doesn’t entirely keep up with the newest 
trends. Firms only active for a short period in the domain are less afflicted by rigidity in their 
routines related to GbI and are expected to be better capable in exploiting the newest 
technologies. The following hypotheses are theorized: 
 
Hypothesis 1: Firms with greater ICT-related absorptive capacity produce Greening by ICT 
innovation built upon more recent prior art compared to their counterparts with lower ICT-
related absorptive capacity.  
 
Hypothesis 2: Young Greening by ICT firms produce innovation built upon newer prior art 
compared to their older counterparts. 
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3  Data and methodology 
This study implements a patent-based analysis to investigate the relevant innovation dynamics 
of the Greening of and Greening by ICT domains. The use of patents as proxy for the innovative 
activity of firms, industries, and countries is a widely adopted approach and is currently the 
most common approach by scholars and policymakers (Braun et al., 2011). There are numerous 
advantages of using patents, since they contain a vast amount of knowledge about the invention, 
making it possible to use patents for various types of analyses (Griliches, 1990). However, the 
benefit of working with patents as innovation proxy does face some restrictions (Griliches, 
1990; OECD, 2009). The potential of patents is undermined due to the fact that not all 
inventions are patented and not all inventions exhibit the same economic significance (Basberg, 
1987). 
 
The research method used in this research alleviates the aforementioned concerns to a certain 
degree. First, to partially rule out inventions low in value, the patents in the dataset are limited 
to patents filed at the European Patent Office (EPO). EPO patents tend to have a higher value, 
for which one reasonable explanation is the expensive patenting procedure (De Rassenfosse & 
Van Pottelsberghe de la Potterie, 2009). If an inventor does not believe the potential of its 
innovation to be high enough to compensate for the expenses, he or she shall not file for an 
application at the European Patent Office. Limiting the data only to EPO filed patents comes 
with an additional benefit. An inventor has the possibility to protect his/her invention at multiple 
jurisdictions, on national and international level. When creating a dataset that consists of 
innovations filed at various patent offices, the  probability of including the same invention more 
than one time increases. Therefore, limiting the dataset to EPO patents reduces the chance of 
including innovations belonging to the same patent family. Secondly, ICT as technology field 
contributes significantly to the overall patenting output, and the ICT industry is one of the most 
innovating and dynamic segments in the modern economy (OECD, 2004; Comino & Manenti, 
2015). The innovation intensity of the ICT sector indicates the heavy reliance of companies on 
patenting. Along these lines, it is reasonable to assume that a significant share of the innovation 
belonging to the Greening by ICT domain, as extension of the ICT sector, is patented. 
Altogether, the use of patent data seems to be a fair indicator for the innovative activities in the 
Greening by ICT domain.  

3.1  Data collection 
The European Patent Office’s Patstat database version 2017a was used to collect the data. 
Patstat is seen as the world’s leading database on bibliographic patent data (De Rassenfosse et 
al., 2014). To extract the patents relevant to this research, it is important to have an appropriate 
search strategy. The method of Cecere et al. (2014) to determine the EPO patents belonging to 
Green ICT was based on a combination of the WIPO Green Inventory and the OECD list of 
ICT classes. Their query didn’t make a distinction between the GbI and the GoI domains within 
the Green ICT domain. This study employed a different approach based on the relatively new 
CPC-Y classification scheme by EPO.  
 
In order to delineate a technological domain it is possible to use patent classifications (Nemet 
& Johnson, 2012). The classifications utilized for this research’s dataset originate from the 
CPC-Y classification scheme. This new tagging scheme can be used to find the most relevant 
climate change mitigation technologies (CCMT) (Veefkind et al., 2012). The database was built 
by efforts of EPO authorities and implements a combination of lexical analysis and the two 
types of classification (the International Patent Classification (IPC) and the European Patent 
Classification (EPC)), making it a dependable database for finding ICT-based eco-innovations 
(Laurens et al., 2017). Konrad (2017), an expert at EPO, formulated a list of CPC-Y 
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classifications to identify ICT-based patents related to CCMTs. Since CCMT’s are innovations 
with the purpose of reducing environmental damage, thus eco-innovation, and the list only 
includes the ones based on ICT, the minor assumption is made that it captures the classifications 
applicable to the Green ICT concept. An interesting notion regarding the CPC-Y classification 
scheme is found in the characterization of its classes. The scheme includes several classes that 
relate to the sectors given in figure 2.4; climate change mitigation technologies related to 
buildings, energy, production and processing of goods, and transportation (USPTO, 2018). 
The class with patents related to eco-innovation in “production and processing of goods” also 
covers CCMT’s addressing agriculture. Therefore, the CPC-Y classifications provide the 
possibility to do research on ICT-enabled eco-innovations addressing the sectors with the 
highest CO2e abatement potential. Furthermore, the categorization made it possible to split the 
data in a GoI and GbI dataset. The full list of classifications can be found in appendix I in tables 
I.1 and I.2. Seven additional classifications were added to the list of ICT-enabled CCMTs, since 
they were deemed to embody the GI concept as well. The extra classifications were included 
based on their description, making a judgement based on if it included the term ‘information 
and communication technologies’ or the abbreviation of it.  
 
The database Patstat2017a hasn’t implemented the newest CPC-Y classification as given on the 
website of the United States Patent and Trademark Office (USPTO) (2018). Fortunately it is 
not a problem, as the list of Konrad (2017) is also based on the older version of the CPC-Y 
scheme. The extraction method found a total of 22.091 patents belonging the Green ICT domain 
between the years 1977 and up to 2015. The dates are based on the priority year of a patent, 
which corresponds to the first time an inventor submits the invention to one of the patenting 
authorities (OECD, 2009). The size of the patent datasets belonging to the domains of GoI and 
GbI are respectively 11.081 and 11.128 patents. These datasets are used for the first part of the 
study, the characterization of the Green ICT domain. Three analyses are provided to investigate 
the main characteristics of the Green ICT domain: (I) the subdomains of GoI and GbI are 
portrayed and discussed; (II) a trend analysis is conducted for both domains; (III) the most 
innovative companies are listed for each domain. All innovators are included for this part, 
meaning innovations of research institutes and entrepreneurs are part of the dataset as well.  
 
The second part of the study only works with the Greening by ICT dataset and focuses on the 
period of 2011 up to and including 2015. Solely companies are included in the dataset, since 
the underlying theory is only applicable to firms. Furthermore, the dataset includes backward 
patent citations to prior art. Patent citations can be used as an indicator of technical knowledge 
flows (Nomaler & Verspagen, 2008 ). Along similar lines, it is possible to consider backward 
citations from one technological class to another as the flows of knowledge across technological 
domains (Nemet & Johnson, 2012). Similar to the research of Nomaler and Verspagen (2008), 
this study limits the data to citations between patents filed at the European Patent Office. The 
rationale behind this choice is that EPO patents tend to be more conservative with backward 
citations and therefore the documented prior art are more reliable in terms of relatedness to the 
focal patent. The acquired dataset consists of 2.047 patent citation couples.  
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3.2  Conceptualization 
The second paragraph discusses the proxies used for the relevant concepts. It elaborates on why 
and how the chosen proxies are implemented. The conceptualization of the variables only 
applies to the second part of the study; the regression model.  

3.2.1  Age of prior art 
Lanjouw and Schankerman (2004) mentioned that forward citations, as indicator for patent 
value, have the drawback of their dependency on time. It takes time for forward citations to 
accumulate. This study tends to capture the dynamics of the latest innovations within the 
Greening by ICT domain, thus forward citations have little to no time to accrue. The backward 
citation lag, as an alternative method, is used to indirectly point out patent value and the 
potential for breakthrough innovation.  
 
It is common in literature to use backward citations as an indicator for the prior art upon which 
an innovation builds (Sørensen & Stuart, 2000; Fabrizio, 2009; Nemet & Johnson, 2012). As 
pointed out in paragraph 2.2, several authors have confirmed the negative relation between the 
age of prior art and the impact of patents. Most of these authors, like Fabrizio (2009), worked 
with the total number of forward citations as an indicator of patent value. The more forward 
citations a patents has received in a certain timespan, the greater the value of the patent. Also, 
the knowledge base upon which a patent builds is more recent when the citation lags are shorter. 
Furthermore, patents that cite ‘outdated’ patents are likely to generate limited impact (Sørensen 
& Stuart, 2000). The effect of the relation is found to be even more significant for patents 
belonging to the ICT domain, suggesting that the speed of R&D matters (Nagaoka, 2007).  
 
All types of backward citations are included in the dataset. Previous scholars usually excluded 
self-citations, so that they didn’t have to control for it. As an arbitrary choice self-citations are 
included in this study, since they are part of the absorptive capacity of the firm with respect to 
internal knowledge accumulation (Mancusi, 2008). Furthermore, considerable variation exists 
in the citation lag of self-citations, ranging between a lag of zero up to and including 23, 
indicating firms differ in behavior of self-citing. Self-citations tend to have lower lags on 
average (Fabrizio, 2009), which requires an additional control variable. Similar to the analysis 
of Fabrizio (2009), no distinction is made between the technology classes of the cited patents. 
The age of the cited patents is determined by the difference in years between the application 
year of the cited patents and the citing patents. This method negates the influence of differences 
in granting time on the age of prior art. Fabrizio (2009) and other authors quantified citation lag 
by calculating the average citation lag per patent. Since this study only includes backward 
citations that are EPO filed patents, thus not all backward citations are known per patent, it 
regards every citation couple to be a unique datapoint. The backward citation lag, Cit_Lag, is 
the dependent variable within the regression model. 

3.2.2  Firm age 
Firm age is often determined by measuring the difference between the current year and the year 
the firm was founded. Unfortunately, this study didn’t have the resources to access firm-level 
information or the time to acquire it manually. Sørensen & Stuart (2000) measured the age of 
the firm as the difference between the target year and the year the firm entered the industry for 
the first time. The age of a firm reflects the experience in the industry in which it is active 
(Balasubramanian & Lee, 2008). Companies that were able to survive in their industry relied 
on their innovative capabilities, which they were able to alter and optimize throughout the years. 
Along similar lines, it is possible to assume that the total years a firm is active in Greening by 
ICT also reflects the experience of the firm in the respective domain. This study implements 
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the same method as the one by Sørensen & Stuart (2000), however they used a different point 
of reference. The authors used the first time a firm produced a product within its industry as 
proxy for entry time. Other academics like Shapira et al. (2012) estimated the entering of firms 
into the graphene domain by using patent and publications records. Cecere et al. (2014) as well 
determined entry based on first patent application. Therefore, this research assumes the first 
EPO-filed patent to be the proxy for the year of entry into the GbI domain. The independent 
variable GbI_Age represents the age of the firm respective to its active years in the GbI domain. 

3.2.3  ICT-related absorptive capacity 
Over the years scholars have used various methods to quantify absorptive capacity. A popular 
approach is to capture absorptive capacity with the firm’s R&D expenditure (Dushnitsky & 
Lenox, 2005b). However, the lack of access to databases with firm-level data, like Bureau Van 
Dijk’s Orbis, excludes the possibility of acquiring such information. Therefore an alternative 
measurement is implemented. The stock of a firm’s patents is seen as a good proxy for 
absorptive capacity (Phene et al., 2006; Quintana-Garcia & Benavides-Velasco, 2008; Wu & 
Shanley, 2009; Petruzzelli et al., 2012). A high patent stock is an indication of a firm being able 
to successfully absorb and exploit external knowledge. Petruzzelli et al. (2012) pointed out that 
the patent stock reflects a firm’s absorptive capacity expertise in innovation. A larger set of 
technological capabilities, reflected in the patent stock, increases a firm’s capability to 
efficiently absorb knowledge and also to enables the firm to create innovations of greater value. 
Phene et al. (2006) captured the absorptive capacity in the five years up to and including t-1. 
The same method is used in this study, but with the exception that it only includes ICT-related 
patent stock. The underlying argument is that the absorptive capacity of a firm differs per 
domain (Dushnitsky & Lenox, 2005). Also, limiting the stock to an accumulation of five years 
prior to the target year enables to capture the recent ICT capabilities (Penner-Hahn & Shaver, 
2005). Patents not filed at the European Patent Office are excluded from the stock  in order the 
reduce the chance of including patents from the same patent family.  
 
To determine if a patent is ICT-related or not, this study uses a different approach than the often 
consulted OECD list of ICT classes. Inaba & Squicciarini (2017) proposed a new method of 
ICT classification, stating that the OECD’s list is outdated considering the ICT domain has 
experienced dramatic changes. The authors introduced a revised definition of ICT-related 
technologies, the J-tag classification scheme, which is based upon the International Patent 
Classification. The new taxonomy has been created under the guidance of a Japanese Patent 
Office expert with a specialization in ICT-related patents. If a patent includes at least one of the 
classifications belonging the J-tag scheme, the patent is flagged as ICT-related. The ICT-related 
patent stock is included as natural log, since a non-linear relationship is expected. Furthermore, 
the percentage change is more important than changes in unit. The independent variable 
ICT_Stock serves as the proxy for ICT-related absorptive capacity in the regression model. 

3.2.4  Control variables 
This study applies several control variables to exclude their influence on the backward citation 
lag. First, a control variable is created for self-citations. When a firm cites their own 
technologies, the backward citation lag is found to be shorter on average. A citation couple is 
classified as self-citation with the binary variable Self_Cit, when the inventing firm of the cited 
and the citing patent are the same. A similar control variable is created for citations to 
technologies belonging to the Greening by ICT domain. The age of cited prior art belonging to 
the GbI domain were also found to be younger on average. To control for the observed situation, 
the binary variable GbI_Cit is added to the model. The third control measure is based on one of 
the control variables implemented by Fabrizio (2009). The author controlled for the 
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development of the technological domain by including the total number of patents in the same 
year as the focal patent. The same control variable is adopted, and is represented by the variable 
GbI_Pat. The fourth control variable added to the model is the one that controls for firm size. 
Mowery et al. (1996) concluded that large firms have lower absorptive capacity w.r.t. alliance 
partners when compared to firms of smaller size. Furthermore, Balasubramanian and Lee  
(2008) found that patent quality decreases with firm size. Most studies apply the number of 
employees working a firm as a proxy for firm size. However, it was not possible to acquire this 
information for the firms within the dataset. An alternative proxy is mentioned by Cantwell and 
Santangelo (2000). The authors introduced the total accumulated patent stock of firm as a proxy 
for firm size. In this study, the firm size is determined by first capturing the total number of 
EPO-filed patents of a firm up to and including the last year before the application year of the 
focal patent. The variable is then categorized into three types of firm size; small, medium and 
large firms. The categorization is performed by using the interquartile range of the continuous 
variable; small firm size corresponds to data below 25th percentile, large firm size to data above 
75th percentile and medium firm size to data between 25th and 75th percentile (ResearchGate, 
2018). The dummies Small_Size and Large_Size were created to control for firm size. Lastly, 
dummy variables are created to control for differences in advancement between the subdomains 
of Greening by ICT. Fabrizio (2009) mentions that technology classes characterized by rapid 
technological advancement tend to cite more recent prior art on average. On these grounds, it 
is possible that the characteristics of the subdomains in GbI impose differences in citing 
behavior. Each patent is tagged with its corresponding subdomain, where the possibility exists 
that some patents belong to  more than one subdomain. The overlap indicates that the categories 
are not mutually exclusive, thus for each subdomain a separate dummy is added to the model. 
The dummies of the subdomains are not labeled with their original names, but they are tagged 
with a different coding (see Appendix I.2). 

3.3  Data analysis 
The first part of the study sheds light on the characteristics of the Green ICT domain, by 
investigating the Greening of ICT and the Greening by ICT independently. The second part 
aims to test the two hypotheses related to the innovative capabilities of a firm active in the 
Greening by ICT domain. The hypotheses are tested by running a regression model in the 
statistical software program SPSS. The dependent variable Cit_Lag can be characterized as a 
count variable, since its values vary between zero to a specified greater number and it takes 
only non-negative integer values (Hilbe, 2014). Poisson regression models are often used when 
the dependent variable concerns count data, under the condition that the data follows a Poisson 
distribution. The variable Cit_Lag doesn’t meet this requirement, as it shows overdispersion 
(more details about the violation of the condition are discussed in chapter four). Therefore, a 
different type of regression model is used to deal with the over dispersed count variable. The 
negative binomial regression model permits for a broader range of variability to be modelled 
compared to the Poisson model, and is often implemented when the count data are over 
dispersed (Keil et al., 2008; Hilbe, 2014). On these grounds, the negative binomial model can 
be argued to be an appropriate model to use for the data analysis. To check for multicollinearity 
between the explanatory variables, the study includes the variance inflation factor (VIF) values 
for each of the variables. Most scholars apply different thresholds to conclude when a VIF value 
is considered to be unacceptable. O’Brien (2007) mentions that most of these maxima range 
between the values four and ten, and are mostly arbitrary choices. The threshold for this study 
is set at the value of ten. Eventually two types of models are created: (I) the control model and 
(II) the independent variable model. The first model solely contains the control variables, while 
the latter also includes the explanatory independent variables. The independent variable model 
is used to test the theorized hypotheses.  
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3.4  Summary 
The first step of the analysis is to extract the relevant patents that belong to the green ICT 
domain. The method of patent extraction is based on the Y-classification of the CPC system, 
where classifications related to ICT demarcate the technological domain and its relevant 
patents. The data is split into two domains, Greening of ICT and Greening by ICT, each with 
their respective subdomains. For both domains the underlying subdomains and patenting 
behavior are determined to provide some insight in the general dynamics. The data for the 
model is limited to the timeline 2011 up to and including 2015, and concerns EPO to EPO 
patent citations. A negative binomial regression analysis is conducted on patent-level. The 
recency of knowledge base upon which GbI innovation build is measured on patent-level by 
the lag between the application year of the cited prior art and the application year of the citing 
patent. A smaller lag indicates the GbI patent cites more recent technologies, which is related 
to higher breakthrough potential. The absorptive capacity is given by the ICT patent stock 
accumulated during the last five years prior the target year. The active years in the GbI domain 
are measured by the intermediate years between the target year and the application year of the 
first EPO filed GbI patent as year of entry. Increase in ICT stock is expected to be negatively 
correlated with citation lag, while longer presence in GbI is theorized to be positively correlated. 
Table 3.1 provides an overview of the variables used in the regression model. 
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Table 3.1 Description of variables 

Construct Variable name Description Calculation Measurement 
Age of prior art Cit_Lag Number of years 

between 
application year of 
cited prior art and 
application year of 
focal patent 

Summing the 
total number of 
years between 
application 
year of cited 
prior art and 
application 
year of focal 
patent 

Count 

GbI sub-domains GI21, GI22, GI23, 
GI24, GI25, GI26 

Patent belongs to 
sub-domain 

1: Yes 
0: No 

Binary 

Citings within GbI 
domain 

GbI_Cit Cited prior art 
belongs to GbI 
domain 

1: Yes 
0: No 

Binary 

Self-citation to 
patent 

Self_Cit Cited prior art 
belongs to firm of 
citing patent 

1: Yes 
0: No 

Binary 

Development of 
GbI domain 

GbI_Pat Natural log of all 
GbI patents in 
target year 

Natural log of 
No. of GbI 
patents 

Continuous 

Technological size 
of firm 

Small Size, Large 
Size 

The size of the firm 1: Yes 
0: No 

Binary 

Years active in GbI 
domain 

GbI_Age Years between 
target year and the 
year the patenting 
firm first entered 
GbI 

Sum of years 
between target 
year and the 
year the 
patenting firm 
first entered 
GbI 

Count 

Recent 
accumulated ICT 
knowledge 

ICT_Stock Natural log of 
accumulated ICT 
patent stock of 
patenting firm five 
years up to prior 
year 

Natural log of 
ICT stock +1 

Continuous 
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4  Analysis 

4.1  Green ICT 
The patent extraction method makes it possible to quantify green ICT by finding the patents 
belonging to the domain. The GI technological domain includes a total of 22.091 patents filed 
at EPO between 1977 and 2015. The thesis distinguishes between two main domains within GI, 
namely GoI and GbI. The CPC-Y classification enables to classify the patents relevant to each 
domain and their respective sub-domains. The size of the corresponding datasets of the domain 
are as follows: 11.081 patents belonging to the GoI, and 11.128 patents associated with GbI. A 
small overlap is present, as 118 patents are classified to both domains. The following paragraphs 
discuss the results of the analyses.  

4.1.1  Subdomains 
The patent pool for the two main domains can be divided into their corresponding sub-domains. 
Figure 4.1 illustrates the contribution of the subdomains to their respective main technological 
domain. Exact numbers can be found in appendix II, tables II.1 and II.2. Both domains 
experience overlapping patents between their subdomains, due to the possibility of patents 
having multiple CPC-Y classifications. In this thesis more than one classification is not 
considered to be a problem, but rather as innovation contributing to multiple technological 
domains. Overlap is most notable within the GbI domain.  
 

 
Figure 4.1 Distribution of patents per subdomain 

The GoI domain consists of four subdomains named after their main group classifications 
specified by CPC (full names are given in appendix I, table I.1): Computing, Wireline 
communication networks, Wireless communication networks, and High level communication 
networks. Computing consists of classes that aim to make computing more energy efficient. 
This can happen at software and hardware level. One exemplary technique is virtualization, a 
common technique for data centers and also crucial for cloud computing. Computing is the 
second largest domain. The GoI domain also attempts to cut down energy consumption in 
wireless and wireline communication networks, represented in the second and third subdomain. 
Wireless communication networks consists of the biggest patent set, making it the largest 
subdomain within the greening of ICT domain. Not a big surprise, as wireless communication 
plays a huge role in today’s digital economy and will continue to grow as Internet of Things 
and big data are becoming more important. The smallest subdomain is High level 
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communication networks and refers to high level techniques for reducing energy consumption 
in both types of communication networks.  
 
The GbI domain can be divided into six subdomains (full names in appendix I, table I.2): 
Buildings, Energy, Production, Transportation, Waste, and Smart grids. The two largest 
subdomains are Smart grids and Production. Production consists of technological classes with 
the aim to mitigate the climate change induced by the production or processing of goods. A 
good example can be found in the technologies which enable the possibility of creating ‘smart 
factories’. The smallest area within GbI domain is Waste. For this domain ICT is leveraged to 
create eco-innovation with the focus of increasing the sustainability in wastewater treatment 
and waste management. Three subdomains have classifications that are related to the subject 
‘smart grids’, i.e. Buildings, Energy, and Transportation, of which the topic solely encompasses 
the first two. Buildings is comprised of smart grid technologies that act as climate change 
mitigation technology or as enabling technology in the buildings sector. The same goes for 
subdomain Energy, where smart grid related technologies address the energy generation sector. 
On the other hand, Transportation includes the additional topic ‘ICT improving the operation 
of electric vehicles’. Not surprising, since over the years electric mobility experienced ever 
increasing popularity.  
 
Previous observations already pointed out the significant overlap in patents and classifications 
within the GbI domain. In table II.3 of Appendix II it can be observed that almost 100% of the 
patents belonging to the subdomains Buildings and Energy also contribute to Smart grids. 
Another 50% of subdomain Transportation’s patents are also classified as Smart grids. A 
plausible explanation of why CPC-Y  regards smart grids as ‘crossover’ classification is 
twofold: all smart grid technologies have an ICT foundation, and smart grid technologies 
address the electricity system and related customer-side systems (IEA, 2015). Building energy 
management systems and electric transportation are examples of smart grid technologies related 
to customer-side systems that are also represented as separate subdomains in the GbI domain. 
The same applies to smart grid technologies for the electricity system. Smart grids can thus be 
considered as crossover theme within the greening by ICT domain.  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



27 
 

4.1.2  Growth of domains 
The size of domains is given by the global cumulative total of patent applications. For both 
domains, greening of ICT and greening by ICT, the trend in annual patent output is determined 
to get a closer look at the contribution to each domain over time. Figures 4.2 and 4.3 illustrate 
the development of globally applicated patent documents for the respective domains. 
 

 

Figure 4.2 Annual contribution of patent applications in GoI domain 

The temporal analysis of the patent applications within GoI’s domain given in figure 4.2 
provides a good overview for investigating the intensity of innovation activities. The first 
quarter up to the year 1990 does not experience nominable growth in patent filings. The biggest 
increase is experienced between 2007 and 2012, for which 2012 is also the year with the highest 
output of 1.102 applications. After the maximum output has been reached, the trendline starts 
to decline rapidly. A plausible explanation for the observed phenomenon is what literature 
refers to as the ‘truncation problem’. As the time series advances closer to the final year of the 
dataset, the data belonging to each year will experience an increasing trend in missing 
observations (Hall et al. , 2001). The absence of this data is the result of patent applications that 
not yet have granted by the European Patent Office. Therefore, it is assumed that the last time 
period, subjected to significant decline, is actually continuing the rising trend in patent 
application output. This argument is motivated by the growing interest in Greening of ICT by 
scholars, policymakers and the industry. 
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Figure 4.3 Annual contribution of patent applications in GbI domain 

Figure 4.3 portrays the development in innovation intensity within the technological domain 
greening by ICT. The trend is very similar to the one of the GoI domain, apart from three 
distinctive characteristics: the peak has a higher value (1.288 patents), the trend peaks a year 
earlier, and the slope towards the peak is steeper. Similar to the trend of GoI, the data of GbI 
shows signs of truncation at the last years. For the GbI domain it is also expected that the 
innovation intensity will continue to grow in the future instead of declining.  

4.1.3  Most innovative companies 
In order to investigate which innovators are actively contributing to the GoI and GbI domains, 
the names of the organizations were retrieved from their respective patent applications. Creating 
a top five of firms that filed the most applications for each domain is enough to get a decent 
picture. Tables 4.1 and 4.2, respectively, show the top five most innovative organizations for 
GoI, and the top five for GbI. 
 
Table 4.1 Top 5 firms with patent output in GoI domain 

Firm No. of patents 

QUALCOMM INC 1069 

IBM CORP 763 

TELEFON AB LM ERICSSON PUBL 545 

SAMSUNG ELECT CO LTD 509 

HUAWEI TECH CO LTD 308 

Total no. of firms: 1.548 
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The patent output of the top performing firms within the technological domain greening of ICT 
makes up for almost 30% of all applications. Considering 1.548 different firms have conducted 
innovative activities (neglecting exiting firms), the output of innovation by the top five is quite 
high. Qualcomm Inc is the biggest innovator with 1.096 patent applications. Huawei Tech Co 
Ltd closes the top five with an innovation output of 308. All of the companies the top five are 
multinationals. 
 
Table 4.2 Top 5 firms with patent output in GbI domain 

Firm No. of patents 

SIEMENS AG 1.116 

GENERAL ELECT CO 276 

TOYOTA JIDOSHA KK 257 

ABB RESEARCH LTD 245 

FANUC LTD 235 

Total no. of firms: 2.994 

 
Approximately 20% of patent applications belonging to GbI to the top five firms given in table 
4.2. Although lower compared to the top five of GoI, it is more significant when taking the total 
no. of innovators into account (total is 2.994). The higher total number of innovators compared 
to the GoI domain is expected, since GbI consists of multiple distinctive sectors innovating with 
ICT. Siemens AG leads the top five with 1.116 ICT-based eco-innovation. Fanuc Ltd is the 
lowest contributor out of five with 235 patent applications.  
 
The top 40 most innovative companies listed in the study of Cecere et al. (2014) can be used to 
check the agreement between this and their research. Out of this study’s top five, three firms of 
the GbI domain and one firm of the Greening of ICT are also given in the top of the 
aforementioned study. Furthermore, Cecere et al. (2014) found that large ICT companies 
contribute the most to the overall innovation effort  in Green ICT. A similar result is observed 
in this study, since most of the companies in the top five of GoI and GbI are ICT-intensive as 
well. 

4.2  Regression results 
The previous paragraph described several important innovation dynamics of the Greening of 
ICT and Greening by ICT domains. The current paragraph focuses on the second part of the 
thesis; testing the two hypotheses by means of a negative binomial regression model. The 
dataset includes patent to patent citations in the period of 2011 up to and including 2015 of the 
Greening by ICT domain.  

4.2.1  Descriptive statistics 
The data generated by running descriptive statistics on the variables are reported in table 4.3. 
The characteristics of the dependent variable, Cit_Lag, are important as to determine which 
regression type to use for the analysis. A first glance at the mean and standard deviation gives 
the impression the variable does not follow a Poisson distribution. Two important types of 
regression are used by scholars when the target variable is a count variable; Poisson regression 
and negative binomial regression. The latter is used when the variable doesn’t follow a Poisson 
distribution due to overdispersion. The standard deviation of Cit_Lag already reveals that the 
variance is not equal to the mean of the variable, as the variance (the square of SD) is much 
higher than the mean. Also the Kolmogorov-Smirnov test, results displayed in table II.6 in 
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Appendix II, points out the dependent variable doesn’t follow a Poisson distribution. The 
negative binomial regression is therefore used to run the model. 
 
Table 4.3 Summary statistics 

Variable Mean SD Min Max 
Cit_Lag 6.60 5.566 0 32 
GI21 0.22 0.414 0 1 
GI22 0.19 0.391 0 1 
GI23 0.32 0.466 0 1 
GI24 0.33 0.469 0 1 
GI25 0.00 0.049 0 1 
GI26 0.54 0.499 0 1 
GbI_Cit 0.40 0.491 0 1 
Self_Cit 0.19 0.392 0 1 
Small_Size 0.09 0.291 0 1 
Large_Size 0.76 0.429 0 1 
GbI_Pat 964.78 310.383 109 1288 
GbI_Age 14.09 12.376 0 36 
ICT_Stock 662.18 1053.821 0 6333 

 
A closer look at the statistics of the independent variables reveals there is noticeable variation 
within the sample. The continuous and count variables, apart from GbI_Pat, have high standard 
deviations. This is expected when looking at their respective bar charts and histograms. The 
histogram of Cit_Lag is given in figure 4.4. The data is right-skewed, or positively skewed, 
with a large tail. Most of the data is concentrated at lags between the size of one up to four, 
suggesting that a significant part of the patents in the GbI domain cite relatively new prior art. 
This is in line with the study of Fabrizio (2009), where the author observed that the ICT-domain 
relies more on the newest prior art compared to other domains, as the domain is characterized 
by rapid advancements. 
 

 
Figure 4.4 Histogram of variable Cit_Lag 

The bar chart of ICT_Stock is visualized on a logarithmic scale, as can be observed in figure 
4.5, enabling a better impression of the variables. A modest upward trend is observed in the bar 
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chart, along with a great dispersion in the data. Few examples of companies with high ICT stock 
sizes are Ericsson, Samsung, Alcatel Lucent, Sony Corporation, and LG.  
 
 
 

 
Figure 4.5  Bar chart of variable ICT_Stock 

The histogram of GbI_Age, figure 4.6, illustrates the distribution of the variable ranging from 
0 to 36 years. The numbers indicate how many years the respective firm was active in the GbI 
domain at the current period of the focal patent application. One of the longest active innovators 
in GbI are General Electric, Siemens AG, and Toyota. In the period of analysis a significant 
portion of the patent citation couples are assigned to firms that have recently entered the 
domain, as roughly 400 citation couples come from firms patenting for the first time.  
 

 

Figure 4.6 Histogram of variable GbI_Age 

The bar chart of the variable GbI_Pat is given in figure 4.7. The numbers on the horizontal axis 
define the total number of GbI patents for each of the five years within the period of analysis. 
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The chart displays an increasing trend, which makes sense as more GbI patent output in a given 
year will result in more cases in the dataset. 
 

 
Figure 4.7 Bar chart of variable GbI_Pat 

Table 4.4 provides the results of the Pearson correlation analysis for all variables. The variables 
GbI_Pat and ICT_Stock are included as natural logs, as their expected relation to Cit_Lag 
demands. The first noteworthy observation based on the results, is that most of the variables are 
significantly correlated with the dependent variable. The control variables Self_Cit and GbI_Cit 
were expected to be negatively correlated, which is confirmed by the analysis. ICT_stock is also 
significant and negatively correlated with Cit_Lag, and agrees to what was expected. The 
variable GbI_Age does show the theorized negative relation with the target variable, but is not 
significant. The binary variables controlling for subdomain specific characteristics and firm size 
are all significant apart from GI25 and Large_Size. A possible explanation for GI25 could be 
the small amount of patents belonging to GI25.  
 
Table 4.4 Descriptive statistics and correlations table 

 Variable Mean SD 1 2 3 4 5 6 7 8 9 10 11 12 13 

1 Cit_Lag 6.60 5.57              

2 GI21 0.22 0.41 0.047*             

3 GI22 0.19 0.39 -0.103** -0.007            

4 GI23 0.32 0.47 0.117** -0.312** -0.313**           

5 GI24 0.33 0.47 -0.102** -0.290** 0.126** -0.476**          

6 GI25 0.00 0.05 0.030 -0.026 -0.024 -0.034 -0.034         

7 GI26 0.54 0.50 -0.101** 0.492** 0.447** -0.676** -0.020 -0.053**        

8 GbI_Cit 0.40 0.49 -0.082** 0.142** 0.129** -0.113** 0.036 -0.041 0.206**       

9 Self_Cit 0.19 0.39 -0.204** -0.020 0.036 0.143** -0.150** 0.027 -0.059** -0.019      

10 Small_Size 0.09 0.29 0.064** 0.062** -0.008 -0.075** -0.030 0.052* 0.072** 0.013 -0.116**     

11 Large_Size 0.76 0.43 -0.037 -0.103** 0.019 0.065** 0.005 -0.041 -0.039 0.013 0.102** -0.567**    

12 GbI_Pat (LN) 6.78 0.50 -0.015 0.066** 0.039 -0.190** 0.143** 0.010 0.153** 0.048* -0.067** 0.011 0.009   

13 GbI_Age 14.09 12.39 -0.011 -0.063** 0.004 0.180** -0.107** -0.047* -0.077** 0.010 0.150** -0.362** 0.558** -0.101**  

14 ICT_Stock (LN) 4.23 2.74 -0.087** -0.063** 0.063** 0.039 -0.031 -0.050* 0.022 0.087** 0.122** -0.489** 0.738** -0.032 0.747** 

** p < 0.01; * p < 0.05 
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Other interesting correlations between the independents variables can be found as well. Both 
the variables GbI_Age and ICT_Stock have a significant and positive relation with Self_Cit. 
This is not a surprise, since firms longer active in the Greening by ICT have a higher chance on 
higher innovation output in GbI and other domains, thus more patents that can be employed for 
self-citation. On the other hand, a higher ICT stock means more ICT-related innovations created 
by a firm. The firm can build upon its prior ICT art, increasing the possibility of self-citation.  

4.2.2  Negative binomial regression models 
As mentioned before in the previous paragraph, the models are analyzed by means of a negative 
binomial regression. The initial set-up contains two models, the control model and independent 
variable model. Table 4.5 reports the results of the two models. Model one corresponds to the 
control model, and model two to the latter. The first observation can be made while looking at 
the increase in goodness of fit, represented by Pearson Chi-square/df. A perfect fit is 
characterized by the value of one (Allison & Waterman, 2002). The addition of the independent 
variables decreases the goodness of fit of the model from 0.542 to 0.539. 
 
Table 4.5 Negative binomial regression models with citation lag as dependent variable 

Cit_Lag Model 1 Model 2 
Constant 1.858*** 

(0.648) 
1.858*** 
(0.655) 

GbI_Age  0.007** 
(0.003) 

ICT_Stock (LN)  -0.045*** 
(0.017) 

Small size (=0)1 -0.147 
(0.100) 

-0.124 
(0.101) 

Large size (=0) -0.045 
(0.068) 

-0.136 
(0.089) 

GbI_Pat (LN) 0.002 
(0.048) 

0.009 
(0.049) 

GbI_Cit (=0) 0.141*** 
(0.050) 

0.124** 
(0.051) 

Self_Cit (=0) 0.550*** 
(0.064) 

0.554*** 
(0.065) 

GI21 (=0) -0.221*** 
(0.075) 

-0.203*** 
(0.075) 

GI22 (=0) 0.021 
(0.072) 

0.015 
(0.072) 

GI23 (=0) -0.144 
(0.010) 

-0.106 
(0.101) 

GI24 (=0) 0.111 
(0.078) 

0.126 
(0.078) 

GI25 (=0) -0.305 
(0.481) 

-0.301 
(0.481) 

GI26 (=0) 0.164* 
(0.087) 

0.167* 
(0.087) 

N 2047 2047 
Pearson Chi-Square/df 0.542 0.539 
Log-likelihood -5998.479 -5994.430 

*** p < 0.01; ** p < 0.05; * p < 0.1, standard errors in parentheses 

 

                                                 
1 The coefficients of the dummies indicate the relation towards the dependent variable Cit_Lag in the situation 
when the respective dummy variable takes the value of zero.  
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When looking at the control variables of the control model, it can be observed that most are not 
significant. The independent variable model (model two) has the same significance for the 
control variables. For both models, GbI_Cit, Self_Cit, GI21, and GI26 are significant. Self-
citations and citations to patents within the Greening by ICT domain were expected to have a 
negative effect on citation lag. Both relations are confirmed by the regression output. The 
significance of GbI_Cit decreases when including the other predictor variables in model two. 
GI21 and GI26 are two of the six variables that control for subdomain specific differences. 
GI21, code for subdomain Buildings, shows a negative effect on citation lag, meaning 
innovation belonging to the Building subdomain tend to build on older technologies. GI26, 
indicating the domain Smart Grids, cites newer prior art compared to other subdomains.  
Furthermore, when inspecting the variables used for testing the hypotheses (GbI_Age and 
ICT_Stock), it can be noticed that both variables comply to the theorized effect on the dependent 
variable. ICT_Stock is significantly and negatively correlated with the citation lag, meaning a 
higher ICT-related absorptive capacity results in a lower backward lag. The variable GbI_Age 
has a significant positive effect on citation lag. Firms active for a long time in the GbI domain 
tend to have higher citation lags compared to entrants and firms that are ‘young’ to the domain.  
 
It is important to deal with multicollinearity as it can have significant impact on the results of 
the regression2. Numerous articles apply different thresholds of what an acceptable VIF value 
should be. Most of these maxima vary between four and ten (O'Brien, 2007). This study 
assumes that VIF values higher than ten are detrimental to the overall analysis. In appendix II 
table II.5 the VIF values are given for the independent variables belonging to model two. All 
the independent variables show tolerable VIF values. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

                                                 
2 Firm size was first controlled by the continuous variable Tot_Stock. However, the variable introduced a VIF 
value higher than 10 (see appendix II, table II.4). Therefore, it was chosen to alter the control variable for firm size 
by categorizing it into three categories; small, medium and large firm size. Two of those variables are added to the 
model as dummies. 



35 
 

5  Conclusion 
The study aimed to shed light on the relation of a firm’s innovative capabilities towards the 
potential of creating breakthrough innovations in the Greening by ICT domain. GbI is part of 
the technological domain Green ICT, which also includes the Greening of ICT subdomain. The 
GbI domain builds upon ICT technologies to create ICT-based eco-innovation with the purpose 
improving the sustainability in other economic sectors. GoI on the other hand, focuses on the 
reduction of ICT’s negative environmental impact.  
 
The first part of the study focused on the characterization of Green ICT. No other contribution 
to the Green ICT field has yet provided a separate characterization of Greening of ICT and 
Greening by ICT. For both domains their underlying subdomains and respective sizes were 
determined. The biggest contributors to GoI and GbI are mostly ICT-intensive companies. 
Furthermore, both domains are characterized by significant growth in overall patent output, 
indicating that Green ICT as domain is still emerging. 
 
Empirical evidence of previous literature has showed that the chance of realizing breakthrough 
innovation is greater when the prior art it builds upon are young of age. Therefore, the same 
relation was assumed for the Greening by ICT innovation dataset in this thesis. The theorized 
dependency of prior art recency on the innovative capabilities of a firm was confirmed by the 
regression analysis. Both the predicted negative relation of the ICT-related absorptive capacity 
a firm, and the positive relation of a firms’ active years in the GbI domain on the citation lag 
were confirmed. Firms with higher absorptive capacity in ICT, embedded in larger ICT stocks, 
were found to significantly cite newer prior art. Subsequently, the results of the analysis pointed 
out that firms which only recently entered the GbI domain significantly build on more recent 
technologies compared to firms that are active in GbI for a longer period. On basis of the 
evidence, it seems fair to suggest that absorptive capacity and firm age play an important role 
in the creation of breakthrough innovation in the Greening by ICT domain.  

5.1  Theoretical implications 
This study contributes to the academic literature on Green ICT and literature related to 
innovative capabilities. First of all, the GoI and GbI domains are characterized independently, 
an endeavor not yet undertaken in the Green ICT literature. The classification of the subdomains 
is partially sector-based and corresponds with the list of sectors3 for which GbI innovation has 
the highest potential for improving the sustainability. The sector-based classification provides 
the opportunity for researchers and policymakers to investigate dynamics behind GbI 
innovation per destined application sector. Furthermore, the results of the regression analysis 
confirms the relevance of a firm’s ICT-related absorptive capacity and active years in the 
Greening by ICT domain on the potential of creating radical innovation. Firms with higher 
absorptive capacity related to ICT are more capable in creating GbI innovation with high 
breakthrough potential. These findings add extra perspective to the findings of Cecere et al. 
(2014). The authors noted ICT firms were the most important innovators in the Green ICT 
domain, rather than firms of other sectors diversifying into Green ICT, a claim supported by 
this paper when looking at the top five innovators. The results of this study imply firms with 
significant ICT capabilities are more proficient in creating radical Greening by ICT innovation. 
One could argue that if mostly ICT firms are active in Greening by ICT, that ICT stock size 
reflects the absorptive capacity of ICT firms (thus not limited to ICT-specific absorptive 
capacity). This would indicate that ICT firms that are able to innovate more often are also able 
to create innovation of greater quality. However, ICT firms should try to overcome the 

                                                 
3 Based on the sectors defined in the report of Global e-Sustainability Initiative (2015). 
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competence trap, as the firm’s age respective to the GbI domain is positively correlated with 
the age of prior art.  
 
With respect to the literature on innovative capabilities, this study has confirmed the importance 
of absorptive capacity and firm’s domain specific age on the potential of breakthrough 
innovation. Firms with higher ICT-related absorptive capacity and firms that are recently active 
in Greening by ICT create the best conditions for breakthrough innovation, since they tend to 
cite newer prior art. The results of this study contribute to the ongoing discussion of firm age 
and the radicalness of innovation. The findings are in line with studies that confirmed the 
negative effect of firm age on breakthrough innovation. However, the method used to determine 
firm age in this study does not capture whether an entering firm is old or young. Kotha et al. 
(2011) demonstrated that branching, defined as entering ‘new to the firm’ niches, favors young 
firms more in terms of higher impact innovation. This would imply that young firms entering 
Greening by ICT domain would show even greater potential for breakthrough innovation.  
 
Additionally, the evidence provided in this study agrees with studies of Cheng and Chen (2013) 
and Flor et al. (2018), since absorptive capacity was found to increase the potential of 
breakthrough innovation. However, unlike the method of Flor et al. (2018), the 
conceptualization of absorptive capacity used here does not make a distinction between the 
components of absorptive capacity. Therefore, this study does not provide a deeper 
understanding of absorptive capacity, apart from pointing out the relevance of domain-specific 
absorptive capacity. Furthermore, the results also agree with the findings of Fabrizio (2009), 
who found a positive effect of absorptive capacity enhancing activities on prior art age and 
patent quality. This research contributes to the literature by concluding that greater (broad) 
domain-specific absorptive capacity enables a firm to create innovation with higher 
breakthrough potential.  

5.2  Societal implications 
The societal implications of this study are related to the aforementioned theoretical 
connotations. The discussion of the theoretical implications pointed out the relevance of firm’s 
age respective to the Greening by ICT domain and its ICT-related absorptive capacity on the 
potential of breakthrough GbI innovation. The breakthrough potential of innovation was linked 
to the recency of the prior art it build upon. On the premise the findings of the study are verified 
for generalization, it is possible to provide recommendations for policymakers and managers. 
While firm age seems to have a negative effect on breakthrough potential, literature proved that 
it is positively related with the rate of innovation, as the organizational routines of a firm 
become more efficient over time (Sørensen & Stuart, 2000). Especially in a later stadium of an 
industry when a sufficient reduction in the level of overall technological advancement is present 
after the introduction of a dominant design, incremental innovation starts to play a greater role 
(Abernathy & Utterback, 1978). Therefore, it depends on the characteristics of the industry and 
on the mindset of the manager whether the hypothetical competence trap introduced by aged 
firm routines is something that needs to be overcome. Nevertheless, if managers have the 
ambition and desire to address the problem, one possibility is to improve the absorptive capacity 
related to their firm’s industry. Activities such as basic research and collaboration with 
university scientists are proven to enhance absorptive capacity (Fabrizio, 2009). Another way 
to improve absorptive capacity is provided by Narasimhan et al. (2006). The authors conducted 
their empirical work on a set of firms in the high technology markets and concluded that R&D 
has a significant and positive impact on the absorptive capacity of the firm. Apart from 
improving the absorptive capacity, managers could also start with open innovation activities. 
Cheng and Chen (2013) observed that open innovation activities help to increase the positive 
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impact of dynamic innovation capabilities, like absorptive capacity, on breakthrough 
innovation.  
 
To address the urgent need of radical eco-innovation as mentioned by Hellström (2007) and 
OECD (2012), ICT as enabler for eco-innovation in the form of GbI can play a crucial role. 
Policymakers may be interested in boosting radical eco-innovation through Greening by ICT. 
One way would be to stimulate entry, as to compensate for mature firms that create low impact 
green innovation. If these entrants already have significant absorptive capacity related to the 
domain they are entering, the effect on overall breakthrough potential would be even greater. 
Cecere et al. (2015) investigated the role of technological opportunities regarding Green ICT. 
Their study revealed that ICT firms active in technological areas characterized by low 
opportunities have a lower rate of innovation, but are therefore more inclined to switch from 
solely ICT innovation to Green ICT innovation. Considering ICT-related absorptive capacity is 
important and assuming most ICT firms possess a sufficient level of it, encouraging these type 
of firms to diversify into Greening by ICT should be easier for policymakers compared to 
encouraging ICT firms in high opportunity areas. Nevertheless, this doesn’t mean that older 
firms in the GbI domain do not play an important role. As mentioned earlier, incremental 
innovation is needed as well in the Greening by ICT domain, especially in the later phase of the 
industry. Lastly, managers active in GbI who desire to create GbI innovation with more impact 
and/or try to overcome rigidity in organization routines, could focus on improving their ICT-
specific absorptive capacity.  

5.3  Limitations 
This study has several limitations that could have impact on the results and their generality. The 
first limitation is the chosen method of patent extraction and data management. By using the 
CPC-Y classification based upon the list provided by Konrad (2017), it could be possible that 
the acquired patent pool misses relevant Greening by ICT categories that are not (yet) covered. 
Also, the method of connecting the applicant name to their respective patents could introduce 
errors. Not all applicant names were harmonized, which affects the determination of the firm-
specific characteristics. Furthermore, the use of backward citations as measure of prior art the 
innovation builds upon experiences the problem that a significant part of those are added by the 
patent examiner (Alcacer & Gittelman, 2006). These citations do not reflect the actual choice 
of the firm. Nevertheless, this study is less interested in the source of the citation, but more in 
age of the cited technologies. Additionally, including self-citations in the analysis could 
positively affect the influence of ICT-based absorptive capacity. Since self-citations are 
associated with on average shorter citation lags, firms with a greater ICT patent stock are able 
to cite more self-developed technologies, resulting in shorter citation lags for firms with higher 
ICT-based absorptive capacity. Also, the determination of self-citations is based on the 
similarity in the assignee of the citing and the cited patent. If a firm cites technologies  of a 
parent company or subsidiary, which can be regarded as self-citation, the firm could also have 
on average lower lags for which no control would be present in the model. Therefore, not 
controlling for these type of citations could have an effect on the results of the analysis. Lastly, 
based on empirical evidence of several articles the assumption was made that breakthrough 
innovation relies on short citation lags. A small possibility exists that the observed relation is 
less prominent or even nonexistent for the Greening by ICT domain.  
 
The second limitation is found in the methodology behind the variables. The calculation 
procedure of a firm’s active years in the Greening by ICT domain is based upon the first patent 
filed at the European Patent Office. The possibility exists the firm already patented in the 
domain of interest prior to the year retrieved with the current method and filed it at another 
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patent office. On the other hand it could also be the case that the firm was previously active in 
the domain, but didn’t file any patents prior to its first patent. The determination of the total 
patent stock, as proxy for technological firm size, and the determination of a firm’s absorptive 
capacity regarding ICT, stock of ICT patents as proxy, solely consist of EPO-filed patents. This 
could underestimate the actual size and capabilities of the firm. Firm size was initially included 
as a continuous variable. However, due to its high VIF value (see appendix II.2 table II.4) the 
variable needed to be altered in order to reduce the multicollinearity in the model, which was 
realized by categorizing the variable. The downside of categorizing a continuous variable is the 
loss of data. Furthermore, the method used to determine the patents belonging to the ICT stock, 
J-tag classification by Inaba & Squicciarini (2017), doesn’t deem all Greening by ICT patents 
as ICT-related. The method therefore differs regarding the classification of ICT technologies 
from the CPC-Y02 method. The measurement of total accumulated ICT stock for the given 
period could result in a lower value, since GbI patents are part of the firm’s ICT stock. Hence, 
the applied method does not fully capture true ICT innovation capabilities of firms, assuming 
the CPC-Y02 method correctly identifies ICT-based eco-innovation. The backward citations 
contain ICT-related- and non-ICT patents. It is assumed that a larger ICT stock reduces the 
citation lag of all backward citations of the GbI patent, as it enables better appropriation of 
external knowledge needed to create the ICT innovation. However, absorptive capacity related 
to ICT does not necessarily benefit the appropriation of non-ICT patents. Lastly, the observed 
relation between the age and absorptive capacity of a firm in Greening by ICT towards the age 
of prior art used for innovation could be specific to the domain itself. Since the study only 
analyzed the dynamics for one specific domain, the possibility exists the relation depends on 
the phase and characteristics of the domain, making it not suitable for generalization to other 
domains or industries. 

5.4  Future research 
The identification of the GbI and GoI domains is based on an older version of the CPC-Y 
classification scheme. Subsequent research could improve the characterization of the Green 
ICT domain by implementing the newest version of CPC-Y. Moreover, future research could 
focus on using alternative measurements for absorptive capacity to see if the positive effect on 
prior art age still upholds. It would also be desirable to improve the control variables of the 
model in order to test the robustness. Researchers could for example include additional control 
variables to control for unchecked firm- or domain-specific phenomenon. Scholars should also 
further investigate the role of the characteristics of the prior art in the magnitude of the citation 
lags. It could be the case some technological areas are more difficult to appropriate. 
Furthermore, it would be interesting to shed light on the importance of broader knowledge 
sources for breakthrough innovation in the Greening by ICT domain, since previous empirical 
work showed a positive relation between broader prior art and radical innovation. Lastly, as 
pointed out by Hellström (2007), the role of radical eco-innovation is crucial for a transition 
towards a sustainable society. Further research on the definition of what can be considered to 
be truly radical in eco-innovation would contribute to a better understanding of how radical 
innovation must be pursued. 
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Appendix I Dataset Preparation 

I.I Green ICT Y-tag classifications 
 

Level 0 Level 1 Level 2 Level 3 Level 4 Description Expert approved 

Y02B  60/00 
    

Information and communication technologies [ICT] aiming at the reduction of own energy use V 

Y02B  60/10 
    

Energy efficient computing V 

 
Y02B  60/12 

   
Reducing energy-consumption at the single machine level, e.g. processors, personal computers, 
peripherals, power supply 

V 

  
Y02B  60/1203 

  
involving a plurality of components V 

  
Y02B  60/1207 

  
acting upon the main processing unit V 

   
Y02B  60/121 

 
Low-power processors V 

   
Y02B  60/1214 

 
Performance modes V 

   
Y02B  60/1217 

 
Frequency modification V 

   
Y02B  60/1221 

 
Clock disabling V 

  
Y02B  60/1225 

  
Access, addressing or allocation within memory systems or architectures, e.g. to reduce power 
consumption or heat production, or to increase battery life 

V 

  
Y02B  60/1228 

  
Interconnection, or transfer of information or other signals between, memories, peripherals or central 
processing units 

V 

  
Y02B  60/1232 

  
Acting upon peripherals V 

   
Y02B  60/1235 

 
the peripheral being a bus V 

   
Y02B  60/1239 

 
the peripheral being a memory control unit [MCU] V 

   
Y02B  60/1242 

 
the peripheral being a display V 

   
Y02B  60/1246 

 
the peripheral being disc or storage devices V 

    
Y02B  60/125 The peripheral being a CD-ROM unit V 

   
Y02B  60/1253 

 
the peripheral being a cursor control device V 



 

   
Y02B  60/1257 

 
the peripheral being a keyboard V 

   
Y02B  60/126 

 
the peripheral being a modem V 

   
Y02B  60/1264 

 
the peripheral being a PCMCIA card V 

   
Y02B  60/1267 

 
the peripheral being a printer V 

    
Y02B  60/1271 Data transfer to print units V 

  
Y02B  60/1275 

  
Cooling means for computing equipment provided with thermal management V 

  
Y02B  60/1278 

  
Power management V 

   
Y02B  60/1282 

 
Selective power distribution V 

   
Y02B  60/1285 

 
Controlling the supply voltage V 

   
Y02B  60/1289 

 
Monitoring user presence V 

   
Y02B  60/1292 

 
Battery monitoring V 

   
Y02B  60/1296 

 
Power strips aiming to energy efficient operation V 

 
Y02B  60/14 

   
Reducing energy-consumption by means of multiprocessor or multiprocessing based techniques, 
other than acting upon the power supply 

V 

  
Y02B  60/142 

  
Resource allocation V 

  
Y02B  60/144 

  
Scheduling V 

  
Y02B  60/146 

  
Increasing resource utilisation, e.g. virtualisation, consolidation V 

  
Y02B  60/148 

  
Load distribution V 

 
Y02B  60/16 

   
Reducing energy-consumption in distributed systems V 

  
Y02B  60/162 

  
Delegation or migration V 

  
Y02B  60/165 

  
Monitoring V 

  
Y02B  60/167 

  
Resource sharing V 

 
Y02B  60/18 

   
Reducing energy consumption at software or application level V 

  
Y02B  60/181 

  
Compilation V 

  
Y02B  60/183 

  
Installation V 

  
Y02B  60/185 

  
At application level, i.e. feedback, prediction, usage patterns V 

  
Y02B  60/186 

  
Suspending or hibernating, performance or eco-modes, operating system support, e.g. advanced 
configuration and power interface [ACPI] 

V 



 

  
Y02B  60/188 

  
Information retrieval in databases V 

Y02B  60/30 
    

Techniques for reducing energy-consumption in wire-line communication networks V 
 

Y02B  60/31 
   

using reduced link rate, e.g. adaptive link rate, not involving auto-negotiation V 

 
Y02B  60/32 

   
using subset functionality V 

 
Y02B  60/33 

   
by selective link activation in bundled links V 

 
Y02B  60/34 

   
by operating in low-power or sleep mode V 

  
Y02B  60/35 

  
specifically suitable for Ethernet, e.g. IEEE802.3az V 

  
Y02B  60/36 

  
specifically suitable for DSL V 

Y02B  60/40 
    

High level techniques for reducing energy-consumption in communication networks V 
 

Y02B  60/41 
   

by proxying, i.e. delegating network functionalities while in low-power mode, e.g. ECMA 393 
standard 

V 

 
Y02B  60/42 

   
by energy-aware routing V 

 
Y02B  60/43 

   
by signaling and coordination, e.g. signaling reduction, link layer discovery protocol [LLDP], 
control policies, green TCP 

V 

  
Y02B  60/44 

  
specifically suitable for Ethernet, e.g. IEEE802.3az V 

  
Y02B  60/45 

  
specifically suitable for DSL V 

 
Y02B  60/46 

   
Application modification for reducing energy-consumption, e.g. green peer-to-peer V 

Y02B  60/50 
    

Techniques for reducing energy-consumption in wireless communication networks V 

       

 
Table I.1 CPC-Y classifications belonging to GoI domain 

*Expert approved indicates whether the classification has been mentioned in the list of Konrad (2017) 

 
 



 

Level 0 Level 1 Level 2 Level 3 Level 4 Level 5 Description Expert approved 

Y02B 
     

INDEXING SCHEME RELATING TO CLIMATE CHANGE MITIGATION 
TECHNOLOGIES RELATED TO BUILDINGS, e.g. INCLUDING HOUSING 
AND APPLIANCES OR RELATED END-USER APPLICATIONS 

 

 
Y02B  70/30 

    
Systems integrating technologies related to power network operation and 
communication or information technologies for improving the carbon footprint 
of the management of residential or tertiary loads, i.e. smart grids as climate 
change mitigation technology in the buildings sector, including also the last 
stages of power distribution and the control, monitoring or operating 
management systems at local level (smart grids supporting the management or 
operation of end-user stationary applications in general, including technologies 
with no associated climate change mitigation effect Y04S 20/00 )(not used, see 
subgroups) 

V 

  
Y02B  70/32 

   
End-user application control systems (not used, see subgroups) V 

   
Y02B  70/3208 

  
characterised by the aim of the control (not used, see subgroups) V 

    
Y02B  70/3216 

 
General power management systems V 

    
Y02B  70/3225 

 
Demand response systems, e.g. load shedding, peak shaving V 

    
Y02B  70/3233 

 
The system entering an energy saving mode, i.e. sleep, low-power or standby 
modes 

V 

    
Y02B  70/3241 

 
Domotics or building automation systems V 

     
Y02B  70/325 involving home automation communication networks V 

   
Y02B  70/3258 

  
characterised by the end-user application (not used, see subgroups) V 

    
Y02B  70/3266 

 
The end-user application being or involving home appliances V 

     
Y02B  70/3275 The home appliances being or involving heating ventilating or air conditioning 

[HVAC] units 
V 

     
Y02B  70/3283 The system involving the remote operation of lamps or lighting equipment V 

    
Y02B  70/3291 

 
The end-user application involving uninterruptible power supply [UPS] systems 
or standby or emergency generators (for uninterruptible power supply systems or 
standby or emergency generators in the last power distribution 
stages Y04S 20/12) 

V 

  
Y02B  70/34 

   
Smart metering supporting the carbon neutral operation of end-user applications 
in buildings (not used, see subgroups) 

V 

   
Y02B  70/343 

  
Systems which determine the environmental impact of user behavior V 



 

   
Y02B  70/346 

  
Systems which monitor the performance of renewable electricity generating 
systems, e.g. of solar panels 

V 

 
Y02B  90/20 

    
Systems integrating technologies related to power network operation and 
communication or information technologies mediating in the improvement of the 
carbon footprint of the management of residential or tertiary loads, i.e. smart 
grids as enabling technology in buildings sector (not used, see subgroups )(Smart 
grids supporting the management or operation of end-user stationary applications 
in general, including technologies with no associated climate change mitigation 
effect Y04S 20/00) 

V 

  
Y02B  90/22 

   
Systems characterised by the monitored, controlled or operated end-user 
elements or equipments (not used, see subgroups) 

V 

   
Y02B  90/222 

  
the elements or equipments being or involving energy storage units, 
uninterruptible power supply [UPS] systems or standby or emergency generators 
involved in the last power distribution stages (energy storage units involved in 
power generation, transmissionor distribution Y04S 10/14; uninterruptible power 
supply systems or standby or emergency generators as end-user 
application Y04S 20/248) 

V 

   
Y02B  90/224 

  
the elements or equipments being or involving protection elements, switches, 
relays or circuit breakers 

V 

   
Y02B  90/226 

  
the elements or equipments being or involving power plugs, sockets, adapters or 
power strips 

V 

   
Y02B  90/228 

  
the element or elements being a direct current power network, grid or 
distribution line 

V 

  
Y02B  90/24 

   
Smart metering mediating in the carbon neutral operation of end-user 
applications in buildings (not used, see subgroups) 

V 

   
Y02B  90/241 

  
Systems characterised by remote reading V 

    
Y02B  90/242 

 
from a fixed location V 

    
Y02B  90/243 

 
from a mobile location V 

    
Y02B  90/244 

 
the remote reading system including mechanisms for turning on/off the supply V 

   
Y02B  90/245 

  
Displaying of usage with respect to time, e.g. monitoring evolution of usage, 
relating usage to weather conditions 

V 

   
Y02B  90/246 

  
Utility meters which are networked together, e.g. within a single building V 

   
Y02B  90/247 

  
Retrofitting of installed meters V 

   
Y02B  90/248 

  
Systems oriented to metering of generated energy or power V 

  
Y02B  90/26 

   
Communication technology specific aspects (not used, see subgroups) V 

   
Y02B  90/2607 

  
Details of the transmission structure or support between the monitoring, 
controlling or managing units and monitored, controlled or operated electrical 
equipment (not used, see subgroups) 

V 

    
Y02B  90/2615 

 
using the power network as support for the transmission V 



 

     
Y02B  90/2623 using pulsed signals V 

     
Y02B  90/263 using modification of a parameter of the network power signal V 

    
Y02B  90/2638 

 
using a data transmission bus V 

    
Y02B  90/2646 

 
using phone lines V 

    
Y02B  90/2653 

 
using wireless data transmission V 

     
Y02B  90/2661 By means of mobile telephony V 

    
Y02B  90/2669 

 
using Internet V 

   
Y02B  90/2676 

  
Aspects related to the treatment or conditioning of data or signals (not used, see 
subgroups) 

V 

    
Y02B  90/2684 

 
associated with communication via dedicated transmission supports V 

    
Y02B  90/2692 

 
associated with communication via the power transmission network V 

Y02E 
     

REDUCTION OF GREENHOUSE GASES [GHG] EMISSION, RELATED TO 
ENERGY GENERATION, TRANSMISSION OR DISTRIBUTION 

 

 
Y02E  40/70 

    
Systems integrating technologies related to power network operation and 
communication or information technologies for improving the carbon footprint 
of electrical power generation, transmission or distribution, i.e. smart grids as 
climate change mitigation technology in the energy generation sector (smart 
grids relating to the energy generation sector in general, including the 
technologies with no associated climate change mitigation 
effectY04S 10/00 ){not used, see subgroups} 

V 

  
Y02E  40/72 

   
Systems characterised by the monitoring, control or operation of energy 
generation units, e.g. distributed generation [DER] or load-side generation 

V 

  
Y02E  40/74 

   
Systems characterised by the monitoring, control or operation of flexible AC 
transmission systems [FACTS] or power factor or reactive power compensating 
or correcting units 

V 

  
Y02E  40/76 

   
Computing methods or systems for efficient or low carbon management or 
operation of electric power systems 

V 

 
Y02E  60/70 

    
Systems integrating technologies related to power network operation and 
communication or information technologies mediating in the improvement of the 
carbon footprint of electrical power generation, transmission or distribution, i.e. 
smart grids as enabling technology in the energy generation sector (smart grids 
relating to the energy generation sector in general, including the technologies 
with no associated climate change mitigation effectY04S 10/00 ){not used, see 
subgroups} 

V 

  
Y02E  60/72 

   
Systems characterised by the monitored, controlled or operated power network 
elements or equipments {not used, see subgroups} 

V 



 

   
Y02E  60/721 

  
the elements or equipments being or involving electricity based vehicles, i.e. 
power aggregation of electric vehicles [EV] or hybrid vehicles [HEV] (remote or 
cooperative charging Y02T 90/168; details associated with the interoperability in 
the section of transportation, e.g. vehicle recognition, authentication, 
identification or billingY02T 90/169) 

V 

   
Y02E  60/722 

  
the elements or equipments being or involving energy storage units (for systems 
comprising uninterruptible power supplies or standby generators Y04S 20/12) 

V 

   
Y02E  60/723 

  
the elements or equipments being or involving electric power substations V 

   
Y02E  60/724 

  
the elements or equipments being or involving switches, relays or circuit 
breakers, e.g. intelligent electronic devices [IED] 

V 

   
Y02E  60/725 

  
the elements or equipments being or involving protection elements, arrangements 
or systems 

V 

   
Y02E  60/726 

  
the elements or equipments being or involving voltage regulating units V 

   
Y02E  60/727 

  
the elements or equipments being or involving measuring units V 

    
Y02E  60/728 

 
the elements or equipments being or involving phasor measuring units [PMU] V 

  
Y02E  60/74 

   
Systems characterised by state monitoring, e.g. fault, temperature monitoring, 
insulator monitoring, corona discharge 

V 

  
Y02E  60/76 

   
Computer aided design [CAD]; Simulation; Modelling V 

  
Y02E  60/78 

   
Communication technology specific aspects (not used, see subgroups) V 

   
Y02E  60/7807 

  
Details of the transmission structure or support between the monitoring, 
controlling or managing units and monitored, controlled or operated electrical 
equipment (not used, see subgroups) 

V 

    
Y02E  60/7815 

 
using the power network as support for the transmission V 

     
Y02E  60/7823 using pulsed signals V 

     
Y02E  60/783 using modification of a parameter of the network power signal V 

    
Y02E  60/7838 

 
using a data transmission bus V 

    
Y02E  60/7846 

 
using phone lines V 

    
Y02E  60/7853 

 
using wireless data transmission V 

     
Y02E  60/7861 By means of mobile telephony V 

    
Y02E  60/7869 

 
using Internet V 

   
Y02E  60/7876 

  
Aspects related to the treatment or conditioning of data or signals {not used, see 
subgroups} 

V 

    
Y02E  60/7884 

 
Associated with communication via dedicated transmission supports V 

    
Y02E  60/7892 

 
Associated with communication via power transmission network V 



 

Y02P 
     

CLIMATE CHANGE MITIGATION TECHNOLOGIES IN THE 
PRODUCTION OR PROCESSING OF GOODS 

 

 
Y02P  90/02 

    
Total factory control, e.g. smart factories, flexible manufacturing systems [FMS] 
or integrated manufacturing systems [IMS] 

V 

  
Y02P  90/04 

   
characterised by the assembly processes V 

  
Y02P  90/06 

   
characterised by direct numerical control [DNC] V 

  
Y02P  90/08 

   
characterised by the cooperation between machine tools, manipulators or work 
piece supply systems 

V 

   
Y02P  90/083 

  
Manipulators cooperating with conveyors V 

   
Y02P  90/087 

  
Manipulators cooperating with machine tools V 

  
Y02P  90/10 

   
characterised by identification, e.g. of work pieces or equipment V 

  
Y02P  90/12 

   
characterised by programme execution V 

  
Y02P  90/14 

   
characterised by fault tolerance, reliability of production system V 

  
Y02P  90/16 

   
characterised by system universality, i.e. configurability or modularity of 
production units 

V 

  
Y02P  90/18 

   
characterised by the network communication V 

   
Y02P  90/185 

  
using local area networks [LAN] V 

  
Y02P  90/20 

   
characterised by job scheduling, process planning or material flow V 

   
Y02P  90/205 

  
Tool management V 

  
Y02P  90/22 

   
characterised by quality surveillance of production V 

  
Y02P  90/24 

   
characterised by computer integrated manufacturing [CIM], planning or 
realisation 

V 

  
Y02P  90/26 

   
characterised by modelling or simulation of the manufacturing system V 

   
Y02P  90/265 

  
Product design therefor V 

  
Y02P  90/28 

   
characterised by transport systems V 

   
Y02P  90/285 

  
using automatic guided vehicles [AGV] V 

 
Y02P  90/30 

    
Computing systems specially adapted for manufacturing V 

Y02T 
     

CLIMATE CHANGE MITIGATION TECHNOLOGIES RELATED TO 
TRANSPORTATION 

 

  
Y02T  90/16 

   
Information or communication technologies improving the operation of electric 
vehicles 

X 

   
Y02T  90/161 

  
Navigation X 

    
Y02T  90/162 

 
Position determination X 

   
Y02T  90/163 

  
Information or communication technologies for charging station selection X 



 

    
Y02T  90/164 

 
Charging station suitability X 

    
Y02T  90/165 

 
Charging station location X 

    
Y02T  90/166 

 
Charging station availability X 

   
Y02T  90/167 

  
Systems integrating technologies related to power network operation and 
communication or information technologies for supporting the interoperability of 
electric or hybrid vehicles, i.e. smartgrids as interface for battery charging of 
electric and hybrid vehicles (power aggregation of HEV or 
EV Y02E 60/721 )(not used, see subgroups) 

V 

    
Y02T  90/168 

 
Remote or cooperative charging operation V 

    
Y02T  90/169 

 
Aspects supporting the interoperability of electric or hybrid vehicles, e.g. 
recognition, authentication, identification or billing 

V 

Y02W 
     

CLIMATE CHANGE MITIGATION TECHNOLOGIES RELATED TO 
WASTEWATER TREATMENT OR WASTE MANAGEMENT 

 

 
Y02W  90/20 

    
Computer systems or methods specially adapted for waste reduction or recycling 
of materials or goods 

V 

Y04S 
     

SYSTEMS INTEGRATING TECHNOLOGIES RELATED TO POWER 
NETWORK OPERATION, COMMUNICATION OR INFORMATION 
TECHNOLOGIES FOR IMPROVING THE ELECTRICAL POWER 
GENERATION, TRANSMISSION, DISTRIBUTION, MANAGEMENT OR 
USAGE, i.e. SMART GRIDS 

V 

Y04S  10/00 
     

Systems supporting electrical power generation, transmission or distribution V 
 

Y04S  10/10 
    

Systems characterised by the monitored, controlled or operated power network 
elements or equipment (not used, see subgroups) 

V 

  
Y04S  10/12 

   
the elements or equipments being or involving energy generation units, including 
distributed generation [DER] or load-side generation 

V 

   
Y04S  10/123 

  
the energy generation units being or involving renewable energy sources V 

   
Y04S  10/126 

  
the energy generation units being or involving electricity based vehicles, i.e. 
power aggregation of electric vehicles [EV] or hybrid vehicles [HEV] (remote or 
cooperative charging Y04S 30/12; details associated with the interoperability in 
the section of transportation, e.g. vehicle recognition, authentication, 
identification or billingY04S 30/14) 

V 

  
Y04S  10/14 

   
the elements or equipments being or involving energy storage units (for systems 
comprising uninterruptible power supplies or standby generators Y04S 20/12) 

V 

  
Y04S  10/16 

   
the elements or equipments being or involving electric power substations V 

  
Y04S  10/18   

  
the elements or equipments being or involving switches, relays or circuit 
breakers, e.g. intelligent electronic devices [IED] 

V 

  
Y04S  10/20 

   
the elements or equipments being or involving protection elements, arrangements 
or systems 

V 



 

  
Y04S  10/22 

   
the element or elements being flexible AC transmission systems [FACTS] or 
power factor or reactive power compensating or correcting units 

V 

  
Y04S  10/24 

   
the elements or equipments being or involving voltage regulating units V 

  
Y04S  10/26 

   
the elements or equipments being or involving measuring units V 

   
Y04S  10/265 

  
the elements or equipments being or involving phasor measuring units [PMU] V 

 
Y04S  10/30 

    
Systems characterised by state monitoring, e.g. fault, temperature monitoring, 
insulator monitoring, corona discharge 

V 

 
Y04S  10/40 

    
Systems characterised by the display of information, e.g. of data or controls V 

 
Y04S  10/50 

    
Systems or methods supporting the power network operation or management, 
involving a certain degree of interaction with the load-side end user 
applications (not used, see subgroups) 

V 

  
Y04S  10/52 

   
Outage or fault management (not used, see subgroups) V 

   
Y04S  10/522 

  
Fault detection or location V 

   
Y04S  10/525 

  
Power restoration V 

   
Y04S  10/527 

  
Power quality monitoring V 

  
Y04S  10/54 

   
Management of operational aspects, e.g. planning, load or production forecast, 
maintenance, construction, extension 

V 

   
Y04S  10/545 

  
Computing methods or systems for efficient or low carbon management or 
operation of electric power systems 

V 

  
Y04S  10/56 

   
Supply chain or logistics V 

  
Y04S  10/58 

   
Financial aspects V 

  
Y04S  10/60 

   
Reporting; Information providing; Statistics or analysis V 

Y04S  20/00 
     

Systems supporting the management or operation of end-user stationary 
applications, including also the last stages of power distribution and the control, 
monitoring or operating management systems at local level 

V 

 
Y04S  20/10 

    
System characterised by the monitored, controlled or operated end-user elements 
or equipments (not used, see subgroups) 

V 

  
Y04S  20/12 

   
the elements or equipments being or involving energy storage units, 
uninterruptible power supply [UPS] systems or standby or emergency generators 
involved in the last power distribution stages (energy storage units involved in 
power generation, transmission and distribution Y04S 10/14; uninterruptible 
power supply systems or standby or emergency generators as end-user 
application Y04S 20/248) 

V 

  
Y04S  20/14 

   
The elements or equipments being or involving protection elements, switches, 
relays or circuit breakers 

V 



 

  
Y04S  20/16 

   
The elements or equipments being or involving power plugs, sockets, adapters or 
power strips 

V 

  
Y04S  20/18 

   
The element or elements being a direct current power network, grid or 
distribution line 

V 

 
Y04S  20/20 

    
End-user application control systems (not used, see subgroups) V 

  
Y04S  20/22 

   
The system characterised by the aim of the control (not used, see subgroups) V 

   
Y04S  20/221 

  
General power management systems V 

   
Y04S  20/222 

  
Demand response systems, e.g. load shedding, peak shaving V 

    
Y04S  20/224 

 
Curtailment; Interruptions; Retail price-responsive demand V 

   
Y04S  20/225 

  
The system entering an energy saving mode, i.e. sleep, low-power or standby 
modes 

V 

   
Y04S  20/227 

  
Domotics or building automation systems V 

    
Y04S  20/228 

 
Characterised by involving a home automation communication network V 

  
Y04S  20/24 

   
The system characterised by the end-user application (not used, see subgroups) V 

   
Y04S  20/242 

  
the end-user application being or involving home appliances V 

    
Y04S  20/244 

 
the home appliances being or involving heating ventilating and air conditioning 
[HVAC] units 

V 

    
Y04S  20/246 

 
the system involving the remote operation of lamps or lighting equipment V 

   
Y04S  20/248 

  
the end-user application involving uninterruptible power supply [UPS] systems 
or standby or emergency generators (for uninterruptible power supply systems or 
standby or emergency generators in the last power distribution 
stages Y04S 20/12) 

V 

 
Y04S  20/30 

    
Smart metering V 

  
Y04S 20/32 

   
Systems characterised by remote reading V 

   
Y04S  20/322 

  
from a fixed location V 

   
Y04S  20/325 

  
from a mobile location V 

   
Y04S  20/327 

  
The remote reading system including mechanisms for turning on/off the supply V 

  
Y04S  20/34 

   
Systems which determine the environmental impact of user behavior V 

  
Y04S  20/36 

   
Methods or devices for detecting or reporting abnormalities, e.g. faults, outages, 
leaks 

V 

  
Y04S  20/38 

   
Identification of individual loads by analysing current or voltage waveforms V 



 

  
Y04S  20/40 

   
Displaying of usage with respect to time, e.g. monitoring evolution of usage, 
relating usage and weather conditions 

V 

  
Y04S  20/42 

   
Utility meters which are networked together, e.g. within a single building V 

  
Y04S  20/44 

   
Displaying utility price or cost V 

  
Y04S  20/46 

   
Remote display of meters readings V 

  
Y04S  20/48 

   
Methods for determining the topology of meters in a network V 

  
Y04S  20/50 

   
Retrofitting of installed meters V 

  
Y04S  20/52 

   
Systems oriented to metering of generated energy or power V 

   
Y04S  20/525 

  
Monitoring the performance of renewable electricity generating systems, i.e. of 
solar panels 

V 

Y04S  30/00 
     

Systems supporting specific end-user applications in the sector of transportation V 
 

Y04S  30/10 
    

Systems supporting the interoperability of electric or hybrid vehicles (not used, 
see subgroups) 

V 

  
Y04S  30/12 

   
Remote or cooperative charging V 

  
Y04S  30/14 

   
Details associated with the interoperability, e.g. vehicle recognition, 
authentication, identification or billing 

V 

Y04S  40/00 
     

Communication or information technology specific aspects supporting electrical 
power generation, transmission, distribution or end-user application management 

V 

 
Y04S  40/10 

    
Communication technology specific aspects (not used, see subgroups) V 

  
Y04S  40/12 

   
Details of the transmission structure or support between the monitoring, 
controlling or managing units and monitored, controlled or operated electrical 
equipment (not used, see subgroups) 

V 

   
Y04S  40/121 

  
Using the power network as support for the transmission V 

    
Y04S  40/122 

 
Using pulsed signals V 

    
Y04S  40/123 

 
Using modification of a parameter of the network power signal V 

   
Y04S  40/124 

  
Using a data transmission bus V 

   
Y04S  40/125 

  
Using phone lines V 

   
Y04S  40/126 

  
Using wireless data transmission V 

    
Y04S  40/127 

 
by means of mobile telephony V 

   
Y04S  40/128 

  
Using Internet V 

  
Y04S  40/14 

   
Aspects related to the treatment or conditioning of data or signals (not used, see 
subgroups) 

V 

   
Y04S  40/143 

  
Associated to the communication via dedicated transmission supports V 



 

   
Y04S  40/146 

  
Associated to the communication via the power transmission network V 

  
Y04S  40/16 

   
Details of management of the overlaying communication network between the 
monitoring, controlling or managing units and monitored, controlled or operated 
electrical equipments (not used, see subgroups) 

V 

   
Y04S  40/162 

  
related to configuration or provisioning V 

   
Y04S  40/164 

  
related to network topology V 

   
Y04S  40/166 

  
related to fault management V 

   
Y04S  40/168 

  
for performance monitoring V 

 
Y04S  40/20 

    
Information technology specific aspects (not used, see subgroups) V 

  
Y04S  40/22 

   
Computer aided design [CAD]; Simulation; Modelling V 

  
Y04S  40/24 

   
Arrangements for network security or for protecting computers or computer 
systems against unauthorised activity, e.g. cyber security 

V 

Y04S  50/00 
     

Market activities related to the operation of systems integrating technologies 
related to power network operation and communication or information 
technologies 

V 

 
Y04S  50/10 

    
Energy trading, including energy flowing from end-user application to grid V 

 
Y04S  50/12 

    
Billing, invoicing, buying or selling transactions or other related activities, e.g. 
cost or usage evaluation 

V 

 
Y04S  50/14 

    
Marketing, i.e. market research and analysis, surveying, promotions, advertising, 
buyer profiling, customer management or rewards 

V 

        

        

Table I.2 CPC-Y classifications belonging to GbI domain 

 
*Expert approved indicates whether the classification has been mentioned in the list of Konrad (2017) 

 
 
 
 
 
 
 



 

I.II Dataset coding 
GI0: Green ICT 

GI1: Greening of ICT 

  GI11: Energy efficient computing 

GI12: Techniques for reducing energy-consumption in wire-line 
communication networks 

GI13: High level techniques for reducing energy-consumption in 
communication networks 

GI14: Techniques for reducing energy-consumption in wireless 
communication networks 

GI2: Greening by ICT 

 GI21: Climate change mitigation technologies related to buildings 

GI22: Reduction of GHG emission related to energy generation, transmission 
or distribution 

GI23: Climate change mitigation technologies in the production or processing 
of goods 

GI24: Climate change mitigation technologies related to transportation 

GI25: Climate change mitigation technologies wastewater treatment or waste 
management 

GI26: Smart Grids 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

I.III SQL Codes Green ICT Dataset 
SELECT DISTINCT appln_id 
INTO AndreasVLoon.dbo.Green_ICT_CPC_Y_V2 
FROM patstat2017a.dbo.tls224_appln_cpc 
WHERE 
-- Y02B 
cpc_class_symbol='Y02B  70/30' OR 
cpc_class_symbol='Y02B  70/32' OR 
cpc_class_symbol='Y02B  70/3208' OR 
cpc_class_symbol='Y02B  70/3216' OR 
cpc_class_symbol='Y02B  70/3225' OR 
cpc_class_symbol='Y02B  70/3233' OR 
cpc_class_symbol='Y02B  70/3241' OR 
cpc_class_symbol='Y02B  70/325' OR 
cpc_class_symbol='Y02B  70/3258' OR 
cpc_class_symbol='Y02B  70/3266' OR 
cpc_class_symbol='Y02B  70/3275' OR 
cpc_class_symbol='Y02B  70/3283' OR 
cpc_class_symbol='Y02B  70/3291' OR 
cpc_class_symbol='Y02B  70/34' OR 
cpc_class_symbol='Y02B  70/343' OR 
cpc_class_symbol='Y02B  70/346' OR 
cpc_class_symbol='Y02B  90/20' OR 
cpc_class_symbol='Y02B  90/22' OR 
cpc_class_symbol='Y02B  90/222' OR 
cpc_class_symbol='Y02B  90/224' OR 
cpc_class_symbol='Y02B  90/226' OR 
cpc_class_symbol='Y02B  90/228' OR 
cpc_class_symbol='Y02B  90/24' OR 
cpc_class_symbol='Y02B  90/241' OR 
cpc_class_symbol='Y02B  90/242' OR 
cpc_class_symbol='Y02B  90/243' OR 
cpc_class_symbol='Y02B  90/244' OR 
cpc_class_symbol='Y02B  90/245' OR 
cpc_class_symbol='Y02B  90/246' OR 
cpc_class_symbol='Y02B  90/247' OR 
cpc_class_symbol='Y02B  90/248' OR 
cpc_class_symbol='Y02B  90/26' OR 
cpc_class_symbol='Y02B  90/2607' OR 
cpc_class_symbol='Y02B  90/2615' OR 
cpc_class_symbol='Y02B  90/2623' OR 
cpc_class_symbol='Y02B  90/263' OR 
cpc_class_symbol='Y02B  90/2638' OR 
cpc_class_symbol='Y02B  90/2646' OR 
cpc_class_symbol='Y02B  90/2653' OR 
cpc_class_symbol='Y02B  90/2661' OR 
cpc_class_symbol='Y02B  90/2669' OR 
cpc_class_symbol='Y02B  90/2676' OR 
cpc_class_symbol='Y02B  90/2684' OR 
cpc_class_symbol='Y02B  90/2692' OR 



 

-- Y02B 
cpc_class_symbol LIKE 'Y02B  60%' OR 
-- Y02E 
cpc_class_symbol='Y02E  40/70' OR 
cpc_class_symbol='Y02E  40/72' OR 
cpc_class_symbol='Y02E  40/74' OR 
cpc_class_symbol='Y02E  40/76' OR 
cpc_class_symbol='Y02E  60/70' OR 
cpc_class_symbol='Y02E  60/72' OR 
cpc_class_symbol='Y02E  60/721' OR 
cpc_class_symbol='Y02E  60/722' OR 
cpc_class_symbol='Y02E  60/723' OR 
cpc_class_symbol='Y02E  60/724' OR 
cpc_class_symbol='Y02E  60/725' OR 
cpc_class_symbol='Y02E  60/726' OR 
cpc_class_symbol='Y02E  60/727' OR 
cpc_class_symbol='Y02E  60/728' OR 
cpc_class_symbol='Y02E  60/74' OR 
cpc_class_symbol='Y02E  60/76' OR 
cpc_class_symbol='Y02E  60/78' OR 
cpc_class_symbol='Y02E  60/7807' OR 
cpc_class_symbol='Y02E  60/7815' OR 
cpc_class_symbol='Y02E  60/7823' OR 
cpc_class_symbol='Y02E  60/783' OR 
cpc_class_symbol='Y02E  60/7838' OR 
cpc_class_symbol='Y02E  60/7846' OR 
cpc_class_symbol='Y02E  60/7853' OR 
cpc_class_symbol='Y02E  60/7861' OR 
cpc_class_symbol='Y02E  60/7869' OR 
cpc_class_symbol='Y02E  60/7876' OR 
cpc_class_symbol='Y02E  60/7884' OR 
cpc_class_symbol='Y02E  60/7892' OR 
-- Y02P 
cpc_class_symbol='Y02P  90/02' OR 
cpc_class_symbol='Y02P  90/04' OR 
cpc_class_symbol='Y02P  90/06' OR 
cpc_class_symbol='Y02P  90/08' OR 
cpc_class_symbol='Y02P  90/083' OR 
cpc_class_symbol='Y02P  90/087' OR 
cpc_class_symbol='Y02P  90/10' OR 
cpc_class_symbol='Y02P  90/12' OR 
cpc_class_symbol='Y02P  90/14' OR 
cpc_class_symbol='Y02P  90/16' OR 
cpc_class_symbol='Y02P  90/18' OR 
cpc_class_symbol='Y02P  90/185' OR 
cpc_class_symbol='Y02P  90/20' OR 
cpc_class_symbol='Y02P  90/205' OR 
cpc_class_symbol='Y02P  90/22' OR 
cpc_class_symbol='Y02P  90/24' OR 
cpc_class_symbol='Y02P  90/26' OR 



 

cpc_class_symbol='Y02P  90/265' OR 
cpc_class_symbol='Y02P  90/28' OR 
cpc_class_symbol='Y02P  90/285' OR 
cpc_class_symbol='Y02P  90/30' OR 
-- Y02T 
cpc_class_symbol='Y02T  90/167' OR 
cpc_class_symbol='Y02T  90/168' OR 
cpc_class_symbol='Y02T  90/169' OR 
cpc_class_symbol='Y02T  90/16' OR 
cpc_class_symbol='Y02T  90/161' OR 
cpc_class_symbol='Y02T  90/162' OR 
cpc_class_symbol='Y02T  90/163' OR 
cpc_class_symbol='Y02T  90/164' OR 
cpc_class_symbol='Y02T  90/165' OR 
cpc_class_symbol='Y02T  90/166' OR 
-- Y02W 
cpc_class_symbol='Y02W  90/20' OR 
-- Y04S 
cpc_class_symbol LIKE 'Y04S%' 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

Appendix II In-depth Analyses 

II.I Patent output sub-domains 
Sub-domain 
code 

Abbreviation No. of patent 
applications 

Contribution 

GI11 Computing 3.957 33,33% 

GI12 Wire-line com. networks 1.866 15,72% 

GI13 High level  com. networks 294 2,48% 

GI14 Wireless com. Networks 5.754 48,47% 

Total 
 

11.871 100% 

Overlap 
 

790 
 

Table II.1 Patent output and percental contribution per GoI subdomain 

Sub-domain 
code 

Abbreviation No. of patent 
applications 

Contribution 

GI21 Buildings 2.623 15,7% 
GI22 Energy 1.692 10,1% 
GI23 Production/processing 4.417 26,5% 
GI24 Transportation 2.467 14,8% 
GI25 Waste 61 0,4% 
GI26 Smart Grids 5.414 32,5% 
Total 

 
16.674 100% 

Overlap 
 

5.546  
Table II.2 Patent output and percental contribution per GoI subdomain 

 GI21 GI22 GI23 GI24 GI25 GI26 
GI21 
(2.623) 

2.623 
(100%) 

347 
(13.2%) 

23 
(0.9%) 

76 
(2.9%) 

2 
(0.1%) 

2.621 
(99.9%) 

GI22 
(1.692) 

347 
(20.5%) 

1.692 
(100%) 

7 
(0.4%) 

545 
(32.2%) 

0 
(0%) 

1.691 
(99.9%) 

GI23 
(4.417) 

23 
(0.5%) 

7 
(0.2%) 

4.417 
(100%) 

0 
(0%) 

2 
(0.0%) 

42 
(1%) 

GI24 
(2.467) 

76 
(3.08%) 

545 
(22.1%) 

0 
(0%) 

2.467 
(100%) 

0 
(0%) 

1.186 
(48.1%) 

GI25 
(61) 

2 
(3.3%) 

0 
(0%) 

2 
(3.3%) 

0 
(0%) 

61 
(100%) 

4 
(6.6%) 

GI26 
(5.414) 

2.621 
(48.4%) 

1.691 
(31.2%) 

42 
(0.8%) 

1.186 
(21.9%) 

4 
(0.1%) 

5.414 
(100%) 

Table II.3 Overlap of patents between subdomains in GbI domain 

II.II VIF Values 
Variable VIF 
GI21 1.712 
GI22 1.392 
GI23 3.771 
GI24 2.298 
GI25 1.037 
GI26 3.348 
GbI_Cit 1.086 
Self_Cit 1.060 
GbI_Pat 1.061 



 

Tot_Stock 10.251 
GbI_Age 3.227 
ICT_Stock 7.660 

Table II.4 VIF scores for initial model  

Variable VIF 
GI21 1.719 
GI22 1.393 
GI23 3.774 
GI24 2.284 
GI25 1.038 
GI26 3.343 
GbI_Cit 1.084 
Self_Cit 1.062 
GbI_Pat 1.063 
Small_Size 1.526 
Large_Size 2.532 
GbI_Age 2.427 
ICT_Stock 3.637 

Table II.5 VIF scores for revised model with categorized firm size 

II.III Kolmogorov-Smirnov Test 
Kolmogorov-Smirnov Test  Cit_Lag 
N  2047 
Poisson Parameter Mean 6.60 
Most extreme differences Absolute 0.286 
 Positive 0.286 
 Negative -0.128 
Kolmogorov-Smirnov Z  12.962 
Asymp. Sig.(2-tailed)  0.000 

Table II.6 Results Kolmogorov-Smirnov test for variable Cit_Lag 

 
 


