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Abstract 

Nowadays scholars widely recognize that know-how, capabilities and knowledge 

needed to generate innovations often reside outside the firm, start-ups are a valuable 

source, and collaborative networks are a fundamental strategy for innovation. This is 

true especially for the clean-tech sector, which is characterized by the continuous 

search for innovative solutions and technological advancements. The purpose of the 

paper is to provide a methodological support for the screening of potential partners 

based on network analysis and, then, help firms to select them for collaboration and 

knowledge exchange. The methodology can be easily adopted by managers and 

executives to identify firms to monitor with greater attention for future investments. 

The analysis is on a dataset of 4,782 clean-tech companies operating worldwide. 

Results highlight that energy companies looking for external sources could 

investigate their network of business proximity if they intend to specialize in a defined 

field and/or collaborate with similar partners, while they could explore their network of 

strategic proximity if they intend to diversify their businesses, that is cooperating and 

exchanging knowledge with firms with distant but complementary capabilities and 

resources. 

 

1. Introduction 

Suppose there are two entrepreneurs in a Parisienne caffetterie. They are talking 

about their business. Although the real world is far more varied, we assume that we 

can summarize the activities carried out by each firm with a couple of keywords: both 

firms were active for several years in the field of ‘analytics’ applied to ‘energy’, where 

they offer consulting services and innovative projects. Exchange is very intense, the 

two men tell each other about their experience and agree on many technical issues 

and details, related for example to data management, visual interface reporting and 

predictive models. To make a short story, the capabilities owned by these two firms 

are very similar, even overlapping in several respects, and it is difficult to imagine 

that their exchange of ideas could result in new ‘disruptive’ ideas. Rather, the two 

entrepreneurs might get their returns discussing about how to approach new clients 

together or about the advantages from merging some corporate functions. 
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Suppose, instead, that in a coffee shop in Amsterdam, there are two other 

entrepreneurs with different professional background (below, in inverted commas the 

keywords describing their capabilities). The former, with a long experience in the 

energy sector having worked as a manager in major multinational companies, has 

now launched an ‘e-commerce’ site specialized in the marketing of technologies for 

‘home energy efficiency’; the second is a physicist of extraction who has specialized 

at the university with a PhD in ‘semantics’ and has launched his start-up that employs 

‘big data’ technologies and the semantic web to build high-quality ‘knowledge-graph’. 

Both entrepreneurs talk about their experience and the difficulties they encounter to 

develop business, and the more the conversation proceeds, the more they become 

interested about each other’s activities, trying to propose solutions to the difficulties 

and wondering how they can do something for each other’s success. To sum up, the 

two men exchange their know-how and generate new knowledge, which may refer to 

a semantic tool for identifying the next best product or a new index to measure the 

risk of losing the customers based on their preferences. The same situation might 

result also into nothing: with the pieces of knowledge brought by each, the meeting 

does not bring to any new idea or project. 

Whether a firm chooses to collaborate with another one is largely determined by the 

degree to which it possesses the needed capabilities and the degree to which 

external partners have them. Nonetheless, the firm has to identify who has the ‘right’ 

capabilities and how much ‘complementary’ such capabilities are with its own. Is it 

possible to understand the chance that one entrepreneur can actually be useful to 

another one and that, then, they can identify profitable business synergies, initiate 

new partnerships or even think about a possible merger? We could think about a 

graph that links firms based on their know-how, capabilities and knowledge, using 

firms’ proximity in terms of products, services and technologies in order to screen 

and, eventually, select the most suitable partners. 

The purpose of the paper is to provide a methodological support for the screening of 

potential partners based on network analysis and, then, help firms to select them for 

collaboration and knowledge exchange. The methodology can be easily adopted by 

managers and executives working to identify the firms to monitor with greater 

attention for future investments. We collect data from CrunchBase, one of the largest 

databases on new innovative companies in the high technology sector and employ 
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the network analysis. The study is carried out on a dataset of 4,782 clean-tech 

companies operating worldwide in several industries.  

Clean-tech is defined as any product, service or process that delivers value using 

fewer resources and producing less pollution than current standards require (Cooke, 

2008). Any innovation that results in improved environmental performance falls under 

the clean-tech umbrella: recycling, renewable energy (wind-power, solar-power, 

biomass, hydropower, biofuels), information technology, green transportation, green 

buildings, electric motors, green chemistry, lighting, gray-water, and many other 

energy efficient appliances (Pernick and Wilder, 2007; Dangelico, 2016). As well 

known, clean-tech companies contribute significantly to a number of environmental 

problems and are characterized by the continuous search for innovative solutions 

and technological advancements (Wicki and Hansen, 2019). They need to deliver 

technological breakthroughs quickly enough and often decide to partner with new 

innovative start-ups working on disruptive products and services, instead of 

committing its internal departments in long and uncertain processes of Research, 

development and deployment (RD&D). As well known, committing to innovation is 

not an easy task. One way for large corporations to venture new technologies is 

corporate venture capital (CVC), which is an equity investment by an established 

corporation in an entrepreneurial initiative. This has received attention in the recent 

years, especially with regards to information technology and biotechnology. Instead, 

in clean-tech CVC has been substantially neglected despite rising interest and 

investments. CB Insights (2018) reports that corporate venture investments by 

energy companies hit records in 2016 and 2017. These investments have been 

concentrated in clean-tech companies and technologies. Companies such as 

Chevron and BP have driven CVC investment by the energy industry over the past 

decade in alternative energy (such as advanced batteries), alternative materials, and 

technologies for carbon capture, home energy efficiency, and vehicle efficiency. 

Companies focus also on mergers and acquisitions (M&A) to increase their core 

business or shift their scope into related markets. M&A are viewed as a vehicle to 

accelerate the response to the innovation race in clean-tech. According to Bureau 

van Dijk (2018) there were 2,813 M&A targeting companies in the clean-tech sector 

in 2017 with an aggregate value of USD 158,404 million, compared to 2,957 deals 

totalling USD 144,806 million in 2016. According to KPMG (2018), the capacity of 
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corporates to fund M&A growth is expected to rise by 11 percent for the energy 

sector and 2 percent for utilities. In fact, many of the companies most active in 

acquiring clean-tech firms are big energy, utility, and industrial corporations, including 

General Electric, Cisco, Exelon, and NRG Energy. They make acquisitions to 

specialize and/or diversify their business, targeting companies that respectively add 

or complement their own know-how, capabilities and knowledge. Hence, for example, 

in 2016 Royal Dutch Shell (Shell, an oil and gas company headquartered in the 

Netherlands) acquired BG Group, a corporation involved in the exploration, 

development, and production of hydrocarbons, LNG shipping and sale, and operation 

of LNG import facilities, while in 2018 it acquired a stake in Asia-focused firm 

Cleantech Solar, which represented the energy giant’s second investment in solar 

power. 

The article is organized as follows. Section 2 introduces the literature on the 

methodologies for partner screening and selection. Section 3 describes CrunchBase 

and illustrates the dataset. Section 4 explains the methodology. Section 4.1 

introduces the network of ‘business proximity’ between firms, which approximates the 

former situation at the Parisienne caffetterie. Section 4.2 illustrates a network of 

firms’ capabilities. Section 4.3 presents the network of ‘strategic proximity’, which 

reckons the coffee shop in Amsterdam. Section 5 discusses the networks, focuses 

on the values of proximity, and validates the thesis by comparing them with the 

values of proximity of clean-tech firms that have actually carried out an M&A 

operation. Section 6 concludes. 

 

2. Literature 

Nowadays scholars widely recognize that know-how, capabilities and knowledge 

needed to generate innovations often reside outside the firm (Cohen and Levinthal, 

1990; Teece et al., 1997), start-ups are a valuable source (Aghion and Tirole, 1994; 

Kortum and Lerner, 2000; Shane, 2001), and collaborative networks are a 

fundamental strategy for innovation (Ahuja and Lampert, 2001; Freeman, 1991; 

Hargadon and Sutton, 1997).  

Knowledge exchange and firms’ collaboration has attracted much research interest 

as firms are increasingly relying on partnerships to access to diverse and 
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complementary assets that are not available internally (Mowery et al., 1996; Powell 

et al., 1996; Argote and Ingram, 2000; Inkpen and Pien, 2006).  

We focus on the activities and features of the firms engaged in collaboration and 

knowledge exchange (Malmberg and Maskell, 2005; Allmendinger and Berger, 2019; 

Guertler and Lindemann, 2016), where technological proximity plays a crucial role 

(Knoben and Oerlemans, 2006). Proximity is a concept used in many different ways 

in the literature. We refer to the definition of technological proximity based on firms’ 

products, services and technologies, where a high level of proximity between firms 

means a high degree of similarity in firms’ know-how, capabilities and knowledge 

(Guan and Yan, 2016; Knoben and Oerlemans, 2006).  

It is argued that companies have to be similar enough to facilitate collaboration and 

knowledge exchange (Baum et al., 2010; Zeller, 2004). Emden et al. (2006) state that 

firms’ proximity (that is, overlapping assets) is an important common ground to 

discover and exploit complementarities. Whether a firm chooses to collaborate with 

another one is largely determined by the degree to which it possesses the needed 

capabilities and the degree to which external potential partners have the demanded 

assets. Collaborating on RD&D projects can offer a firm several advantages. First, 

collaborating can enable a firm to get necessary capabilities and resources more 

quickly. It is not unusual for a company to lack some of the complementary assets 

required to transform a body of technological knowledge into a commercial product 

(Schilling, 2017). A company may be able to gain rapid access to some assets by 

entering into collaborations (Hamel et al., 1989; Shan, 1990; Pisano, 1990; 

Venkatesan, 1992). Second, firms’ collaboration help reducing firm’s commitment, 

which is important in industries underlying rapid technological change, where product 

life cycles shorten and innovation generates huge risks (Schilling, 2017). Then, in 

such a context, firms might choose to become more specialized and activate 

partnerships with other firms to access know-how, capabilities and knowledge they 

do not possess internally. Third, collaboration allows to share knowledge: close 

contact with other firms facilitates the creation and transfer of information that firms 

could not create working alone (Mowery et al., 1998; Baum et al., 2000; Rosenkopf 

and Almeida, 2003). If the know-how, capabilities and knowledge of the companies 

are too similar, there is little to learn. Han et al. (2012) argue that collaborations 

between similar partners have fewer advantages because of the lack of diversities in 
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terms of capabilities and resources. A low diversity between firms can have a 

negative impact on the ability to innovate (Nooteboom et al., 2007; Rosenkopf and 

Almeida, 2003; Sampson, 2007).  

In all evidence, the phase of the partner screening and selection is a critical step 

(Cummings and Holmberg, 2012; Mindruta et al., 2016; Holzmann et al., 2014; 

Huizingh, 2011; Maurer and Valkenburg, 2014; Yoon and Song, 2014). A growing 

body of studies supports the use of quantitative techniques. Among the most popular 

quantitative techniques are fuzzy set logic, mixed integer linear programming, 

optimization modeling, analytic hierarchical and analytical network processes. 

Mikhailov (2002) focuses on the partnership selection by means of a fuzzy logic 

approach and an analytical hierarchy process. Wang and Chen (2007) discuss 

improvements to the fuzzy preference programming method for partnership 

screening using decision matrices instead of the exact values of the decision-maker’s 

opinion. Accordingly, this method reduces the number of pairwise comparisons. Also, 

Herrera-Viedma et al. (2004) provide improvements relating to the fuzzy preference 

programming method. 

The analytical hierarchy process is associated with drawbacks. Notably, it is difficult 

to assess the relationships between selected partners. Instead, the analytical 

network process addresses the disadvantage above because it considers 

interrelationships between partners in the decision-making model. Sarkis et al. (2007) 

discuss a partner screening tool by adopting the approach of the analytical network 

process. They elaborate a network of partners and, using inputs from managers, 

compare them. They calculate the relative ranking and calculate the weights relating 

to alternative partners. Chen et al. (2008) study an iterative review approach relating 

to partner selection by employing an analytical network process based on four criteria 

related to technology capability, resources for R&D, corporate compatibility, and 

financial conditions. Wu and Su (2005) investigate how the analytical network 

process can be used to screen partners, considering both tangible and intangible 

factors that can shape the partner selection decision. Also, Wu et al. (2009) evaluate 

tangible and intangible factors regarding potential partners using the analytical 

network process. The main issue in applying this approach stays in the effort to 

estimate interdependencies between factors, since often information regarding 

potential partners is limited.  
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Optimization models can help. Fuqing et al. (2006) apply a multi-objective 

optimization model, where the important decision is to set the values for each 

parameter. With the help of a generic algorithm the probabilities to succeed are 

calculated for each possible partner. The partner with the highest probability to 

succeed is selected. Cao and Wang (2007) improve the one-stage partner selection 

model in a two-stage model, where the first step relates to a pilot study screening 

multiple potential partners and the second step consists in the selection of the best 

suitable partner. Solesvik and Encheva (2010) propose a mathematical method of 

formal concept analysis to visualize data and its inherent structures, implications and 

dependencies, based on mathematical lattice theory. This method allows firms to 

screen and select the best partners for interfirm cooperation from several possible 

candidate firms. The formal concept analysis is a simple and versatile method, even 

though it has been marginally applied to aid managers.  

Our methodology employs the network analysis to allow the screening of potential 

partners. Such a technique is helpful in fulfilling the step of the partner selection 

whenever firms’ proximity has been calculated (Boschma and ter Wal, 2007; Cantner 

and Graf, 2006; Giuliani, 2007; McEvily and Marcus, 2005; Owen-Smith and Powell, 

2004).  

We propose two different networks: the former is based on ‘business proximity’ 

between firms based on the similarity in terms of products, services and 

technologies; the latter is a network of ‘strategic proximity’ where firms are linked 

based on the existing complementarities developed internally by firms in the 

observed population. The methodology leverages on qualitative databases, which 

include metadata and descriptive texts on firms’ activities and markets, increasingly 

used also by managers and executives, and can be easily adopted to identify the 

most interesting companies to monitor for future investments. 

 

3. Dataset 

We collected data from CrunchBase, the world’s most comprehensive database on 

high-tech industries operated by TechCrunch, one of the most highly regarded web 

blogs providing information on technological innovation. CrunchBase contains 

information on 500 thousand companies located in two hundred different countries, is 
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partially crowd-sourced and is updated on a daily basis by investors and community 

contributors. As reported in Dalle et al (2017), the crowd-sourcing process, the 

partnership with investors, and the validation with sophisticated algorithms represent 

an added value compared to other commercial databases and public data sources. 

CrunchBase is increasingly used in research (Waldner et al. 2012; Werth and Boert 

2013; Homburg et al. 2014; Dalle et al. 2017; Marra et al. 2015; Cassetta et al. 2017; 

Ratzinger et al., 2018; Spiekermann, 2019; Moschner et al., 2019; Sussan et al., 

2018). Dalle et al. (2017) compare the coverage of CrunchBase comparing it with the 

OECD Entrepreneurship Financing Database and find that the pattern across years 

and countries are substantially similar across the two data sources. 

CrunchBase provides a powerful tagging system and lots of metadata that can be 

used to describe and classify businesses. CrunchBase does not require a huge 

amount of data handling before it can be used for econometric analysis (Dalle et al. 

2017). Nonetheless, a check has been carried out on metadata, undertaking where 

requested a term normalisation process and revising typos.  

Metadata are proxies of firms’ products, services, technologies and, more generally, 

refer to the know-how, capabilities and knowledge on which firms build their own 

specializations. Such information, bottom-up (generated by companies’ owners and 

employees, and other contributors) and up-to-date, is at a very detailed level and 

much more informative than SIC codes, as showed by the relevant and recent 

literature (Nathan and Rosso, 2015; Nathan et al., 2014; Papagiannidis et al., 2017; 

Tech City UK, 2017, 2015; Marra et al., 2015, 2017).  

We built a dataset for all clean-tech start-ups in CrunchBase, including 4,782 

companies operating worldwide. The 66% of the companies observed have been 

founded after the year 2000 (see Table 1).  

 

Table 1 

 

For each company CrunchBase provides information on the location of the company 

(country, state, region, city, latitude and longitude). The available data also includes 

information on the founding of the company, the industry category code, funding 
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money, rounds and timing, number of employees, and metadata on firms’ features 

and capabilities. Most companies in the dataset are from USA (see Table 2). 

 

Table 2 

 

Most of the companies observed are high-tech, according to the focus of 

CrunchBase on young companies operating in new emerging industries, such as 

software, clean-tech, nano-tech, consumer electronics, natural resources, marketing, 

financial services and mobile app sectors. All the companies in our dataset are 

mainly active in the energy industry, more generally in the field of sustainability, but 

also in other sectors and technological areas such as natural resources, science and 

engineering, hardware, manufacturing, and software (see Table 3). 

 

Table 3 

 

Despite its advantages, the dataset presents two potential limitations. The first issue 

is that the dataset focuses on start-ups active in high technology sectors and, 

therefore, there is a tendency to underestimate the presence of large and 

consolidated companies that have been operating on the market for a longer time, 

which are equally active in the clean-tech arena. Further research should be carried 

on in order to isolate and investigate the RD&D strategies of incumbent firms and 

large corporations. Another concern might rise from the fact that the observed clean-

tech companies and, then, their keywords, are not weighted by means of parameters 

concerning their economic and financial size. As a consequence, the proximity of 

products, services and technologies can suggest either a promising market or 

technology or an already consolidated one. In any case, on these areas, a 

considerable number of new innovative companies are investing in RD&D. 

 

 

4. Methodology 
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This Section explains the methodology. Section 4.1 introduces the network of 

‘business proximity’ between clean-tech firms. Section 4.2 illustrates a network 

linking firms’ tags on products, services and technologies (instead of companies). 

Section 4.3 presents the network of ‘strategic proximity’ between clean-tech firms. All 

networks are homogeneous and links between nodes are undirected and weighted. 

 

4.1. A network of business proximity 

We consider a network 𝑁(𝑉, 𝐸) with V and E being respectively nodes and edges. 

For every node 𝑓! ∈ 𝑉 we have a set of unique m capabilities and resources, even 

called tags: 

𝑓! = {𝜏"…𝜏#}! , (1) 

and we suppose that cardinality m could be different for each firm j. 

We use a dyadic comparison between firms, and the set (1) is used to determine the 

relationship between the two firms fi and fj 

𝑤$! = 0𝑓$ ∩ 𝑓!0, (2) 

where the business proximity wij is the cardinality of intersection set between firms fi 

and fj and we define wij  as the weight of the edge 𝑒$! ∈ 𝐸 for the network 𝑁(𝑉, 𝐸). 

In other words, the nodes represent firms and the links between firms are generated 

whenever they share a tag, which are proxies of firms’ capabilities in the same 

products, services and technologies. The higher the number of tags that the firms 

have in common, the closer they will be interconnected. The level of interconnection 

between firms (2) shows clusters of firms specialized in a set of products, services 

and technologies and, then, able to share know-how, capabilities and knowledge, 

collect external information, elaborate on it and exploit it for commercial purposes. 

 

4.2. A network of firms’ capabilities 

We consider a network 𝑁3(𝑉4, 𝐸4), where the tag 𝜏! 	are the nodes of the network. For 

every node 𝜏! ∈ 𝑉4  we have a set j of firms f associated with it: 

𝜏! = {𝑓"…𝑓#}! . (3) 
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We use a dyadic comparison between capabilities, and the set is used to determine 

the relationship between the two tags 𝜏$ and 𝜏! 

𝑤3$! = |𝜏$ ∩ 𝜏!|, (4) 

where the proximity 𝑤3$! is the cardinality of intersection between tags’ sets and we 

define 𝑤3$!  as the weight of the edge �̅� ∈ 𝐸4 for the network 𝑁3(𝑉4, 𝐸4). 

For example, capabilities ‘energy efficiency’ and ‘manufacturing’ are linked in the 

network if they coexist in the same firm, and the weight 𝑤3$!   is heavier if the number 

of companies in which the two features coexist is larger. Therefore, for ‘energy 

efficiency’ and ‘manufacturing’, the weight of the edge ‘energy efficiency’–

‘manufacturing’ is ten as these coexist in ten different firms, and the weight of the 

edge ‘energy efficiency’–‘solar’ is four as these coexist in four different firms, and so 

on. Heavier edges embody the complementarities between firms’ assets and show 

the prevailing common channels by which firms can develop their business, 

exchange information and collaborate. We deepen the understanding of this aspect 

in the next Section. For the moment, it is sufficient to say that if some assets coexist 

internally in the same firm it is highly likelihood that such capabilities might represent 

the drivers by which two firms can grow externally, network and collaborate.  

 

4.3. A network of strategic proximity 

The third network is a network of strategic proximity, where firms are linked based on 

the existing complementarities developed internally by firms in the observed 

population. Intuitively, this last network is calculated by looking at whether and to 

what extent two firms can be considered close in the network of firms’ capabilities. 

We provide a short exemplification. Even though the link between ‘energy efficiency’ 

and ‘manufacturing’ is at the firm level, the assumption is that the heavier the weight 

of the edge between the two capabilities (in terms of number of firms having both 

features) the higher the chance that a firm with capability ‘energy efficiency’ might 

find suitable to pursue growth strategies towards ‘manufacturing’, as well as to 

network or cluster with firms with capability ‘manufacturing’. Contra, if the number of 

firms with capabilities in both ‘solar’ and ‘data analytics’ is low, then the chance that a 

firm with ‘solar’ might develop their business towards ‘data analytics’, or exchange 

information or collaborate with a firm with ‘data analytics’ is low. 
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The network of ‘strategic proximity’ is 𝑁~(𝑉~, 𝐸~). Consider all the possible subsets 

made by the couples of capabilities, or tags, for a single firm fj, already defined in (1) 

as: 

𝑓! = {𝜏"…𝜏#}! , (1) 

Next, we define the tags symmetrical co-occurrence square matrix Φ as follows: 

 

𝛷 =

⎝

⎜
⎛
0 ⋯ 𝜑%& ⋯ 𝜑%'
⋮ ⋯ ⋮ ⋯ ⋮
𝜑&( ⋯ 0 ⋯ 𝜑&'
⋮ ⋯ ⋮ ⋯ ⋮
𝜑'( ⋯ 𝜑'& ⋯ 0 ⎠

⎟
⎞

               (5) 

 

with each element on the diagonal of the matrix 𝛷 imposed to be null (meaning that 

same tags are intentionally excluded), and with cell element 𝜑!% representing the 

frequency indicating the number of co-occurrences of a couple of tags in the firms. 

Then, we define the strategic proximity as a product between two firms  

 

𝑑𝑒𝑓: 𝑓) × 𝑓* =
∑ ,!"!,"

-$
+

∑ ,!"!,"

-%
= µ) + µ* = 𝑤J)*		      (6) 

 

with n) and	n* being the cardinality of the sets associated respectively with	𝑓)	 and 𝑓* 

and µ), µ* the average values of the 𝜑!%. This last formula represents the dyadic 

comparison between firms in the network	𝑁L(𝑉M , 𝐸M) and so the value of the weight 𝑤J)* 

for the network of strategic proximity 𝑁L(𝑉M , 𝐸M)	. 

 

5. Results 

The network of business proximity has 4,782 nodes (the firms in the dataset) and 

10,876,222 edges (the links between firms). The average degree is 2,267 and the 

average weighted degree is 4,526. More specifically, the number of edges between 

nodes is high, on average each firm is linked with more than 2 thousand other firms, 

and these edges are strong since firms share many capabilities. As a consequence, 

the graph density is high and equal to 0.4. Modularity is also high at 0.1. Figure 1 

shows a network of business proximity for a sample of 30 companies randomly 
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extracted from the observed dataset. Within the network it is possible to appreciate 

two pairs of companies that have, de facto, proceeded to perform an operation of 

M&A. These are Evoqua Water Technologies and ADI Systems on the one side, and 

Entelios AG and EnerNOC on the other.  

 

Figure 1 

 

In 2017 Evoqua acquired ADI Systems. Evoqua, the global leader in helping 

municipalities and industrial customers protect and improve the water, has a long-

lasting innovative experience and market-leading expertise in transforming water and 

wastewater. Its cost-effective and reliable treatment systems and services ensure 

uninterrupted quantity and quality of water, enable regulatory and environmental 

compliance and increase efficiency through water reuse. ADI Systems, founded in 

1989, offers wastewater treatment and waste-to-energy solutions, using a wide range 

of technologies specifically designed for industrial wastewater treatment. The 

combination of ADI with Evoqua gives the latter the widest-ranging industrial 

wastewater offerings. 

In 2014 EnerNOC acquired Entelios AG. The former is a leading provider of energy 

intelligence software and related solutions, the latter is Europe’s leading solutions 

provider for demand response and virtual power plants. This acquisition accelerated 

EnerNOC’s entry into continental Europe with Entelios’ existing relationships with 

leading grid operators, utilities, retailers, and commercial, institutional, and industrial 

customers. More specifically Germany, one of Europe’s largest potential markets for 

demand response and energy intelligence software, has a growing need for 

resources which can balance power supply and demand given the increasing level of 

intermittent renewable energy resources in its electricity system. 

To notice that the value of the business proximity between Evoqua Water 

Technologies and ADI Systems on the one side, and Entelios AG and EnerNOC on 

the other, is equal to respectively 3 and 4, much higher than the average value of the 

pairs in the network (1.80). 

The network of firms’ capabilities has 627 nodes (the total number of firms’ 

capabilities in the observed dataset) and 12,934 edges. The average degree for the 
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entire network is 20 and the average weighted degree is 32. The graph density is 

0.06 and modularity is 0.05.  

The network of strategic proximity has 4,782 nodes and 11,431,366 edges (counting 

the number of all possible links between nodes). The average degree is high and 

equal to 2,389, and the average weighted degree is 52,292. The graph density is 

very high at 0.9 and modularity reaches 0.2 level. Again, the level of interconnection 

between firms is a proxy of their ability to collaborate and strategically share their 

know-how, capabilities and knowledge. Even though the interpretation of the third 

network is more speculative, the insights that might derive from its investigation 

provide considerable value.  

Figure 2 shows network of a strategic proximity for a sample of 30 companies. Within 

the network it is possible to appreciate two pairs of companies that have, de facto, 

proceeded to perform an operation of M&A. These are GridPoint and Twenty First 

Century Utilities, on the one side, and Sunible and MyDomino on the other. 

 

Figure 2 

 

In 2015 Twenty First Century Utilities (TFCU), a company founded by power industry 

veterans, acquired GridPoint, a data-driven energy management solutions provider 

based in Arlington, VA. TFCU drives utilities towards mass adoption of clean, low 

cost energy producing and saving technologies, while optimizing the grid to enhance 

reliability, resiliency and security. A few years ago, GridPoint was the hottest start-up 

company in the cleantech stable. The GridPoint acquisition is the first action in 

TFCU’s campaign to transform regulated utilities and facilitate wide-scale adoption of 

emerging energy technologies, including distributed energy and other behind the 

meter applications.  

In 2015, Sunible Inc. acquired MyDomino. Sunible is an online platform for solar, 

which is radically simplifying the home solar buying experience. More specifically, 

Sunible makes it easy for homeowners to see activity in their area, compare firms, 

get quotes, and go solar. Installers benefit from high-quality leads, lower customer 

acquisition costs, and market intelligence. MyDomino is a one-stop site that makes it 

easy for consumers to achieve clean, low-carbon living, and save money in the 
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process. MyDomino guides individuals through actions they can take to enhance 

their lives, as well as help clean our air and water, and achieve energy 

independence. MyDomino and Sunible are joining forces to bring solar and other 

clean energy solutions to millions more people around the world while drastically 

reducing global carbon emissions. 

The value of the strategic proximity between GridPoint and Twenty First Century 

Utilities on the one side, and Sunible and MyDomino on the other, is respectively 

31,27 and 35,07, higher than the average value of the pairs in the network (21,80). 

Firms usually look for external sources depending on their business proximity (i.e., 

collaborating with similar firms) and on their strategic proximity (i.e., firms exchange 

knowledge and cooperate when their capabilities are complementary but distant). 

The choice between the two different measures of proximity depends on the single 

firm’s strategy: if the firm intends to focus on their core business and specialize in a 

specific field, then the firm will find useful the first measure of proximity, what we 

called business proximity. Instead, if the firm aims at growing externally through 

diversification, that means approaching new markets not necessarily correlated to the 

primary industry, then the firm will find more suitable the latter measure of proximity, 

strategic proximity.  

It is interesting to look at the values of proximities for all the firms in the dataset and, 

more specifically, focus on those firms that effectively carried out an operation of 

M&A, which could have been promoted by specialization or diversification purposes. 

If we look at the values of the business proximity for all pairs of clean-tech firms in 

the dataset (10,876,222 observations) we get a frequency distribution similar to that 

in Figure 3 (attained from a random extraction of 50 thousand pairs of firms), with 

minimum value equal to 1, maximum value equal to 14, average that equals 1.8 and 

standard deviation of 0.9.  

 

Figure 3 

 

Instead, if we look at the values of the business proximity for the only pairs of clean-

tech firms that carried out an operation of M&A (with 191 observed pairs of firms) we 
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get the frequency distribution in Figure 4, with minimum value equal to 3, maximum 

value equal to 6, average that equals 3.7 and standard deviation of 0.7. 

To notice that the average value of proximity for the M&A firms is +110% higher than 

the average value of proximity for the entire clean-tech network worldwide. This 

confirms that the methodology incorporates some elements that are effectively taken 

into account by firms in their process of screening and selection of partners for 

collaboration. Hence, it represents a useful methodology that helps firms looking for 

partners among a large and diversified set of external sources when they intend to 

specialize rather than diversify. 

 

Figure 4 

 

If we look at the values of the strategic proximity for all pairs of clean-tech firms in the 

dataset (11,431,366 observations) we get a frequency distribution similar to that in 

Figure 5 (attained from a random extraction of 50 thousand pairs of firms), with 

minimum value equal to 0.0, maximum value equal to 273.5, average that equals 

21.8 and standard deviation of 10.0.  

 

Figure 5 

 

Instead, if we look at the values of the strategic proximity for all pairs of clean-tech 

firms carrying out an operation of M&A (140 observed pairs of firms) we get the 

frequency distribution in Figure 6, with minimum value equal to 24.6, maximum value 

equal to 61.4, average that equals 33.1 and standard deviation of 6.1. 

To notice that the average value of proximity for the M&A firms is +51% higher than 

the average value of proximity for the entire clean-tech dataset. Given a lower gap 

between the average values, someone might conclude that this last methodology 

based on the strategic proximity is less effective than that based on the business 

proximity. However, we well understand that predicting firms’ diversification 

strategies is much more difficult than forecasting possible trajectories of external 

growth based on specialization on the core businesses. Accordingly, we confirm that 
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the methodology of strategic proximity is especially useful to advice firms looking for 

external partners among a large and diversified set of external sources when the goal 

of the firm is to vary and open up its technological scenarios and RD&D projects. 

 

Figure 6 

 

6. Conclusions 

The purpose of the paper was to provide a methodological support for the screening 

of potential partners based on network analysis and, then, help firms to select them 

for collaboration and knowledge exchange.  

An important aspect that needs to be considered in order to fully grasp the potential 

of the proposed methodology concerns the use of metadata on firms’ products, 

services and technologies. We use metadata to calculate the proximity through which 

investigate the position of each firm with each other within networks based on 

qualitative data. Since metadata refer to the know-how, capabilities and knowledge 

on which firms build their own specializations, they contribute to provide information 

on companies’ ability to exploit external sources, which is critical for example for 

RD&D. It follows that the completeness of the information collected on companies’ 

activities, as well as the ability to systematize them into homogeneous categories, 

can result in an extremely informative database that can be used alternatively to 

more traditional data, such as those on firms’ patents and research projects, to 

screen and select partners for collaboration and knowledge exchange.  

We build networks linking firms based on their assets, using firms’ proximity in terms 

of products, services and technologies in order to screen and select the most suitable 

partners. More specifically, we derived three different graphs. The first one, business 

proximity, represents a useful methodology that helps firms when they intend to 

specialize rather than diversify. The second graph, which was instrumental to 

calculate the third graph, is a network of firms’ capabilities and shows 

complementarities between them. The last graph, which was more complex to 

calculate, is called strategic proximity. In our opinion it allows to realize how close are 

two companies with apparently different know-how, capabilities and knowledge. This 

methodology is especially useful to assist firms in looking for external partners when 
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the goal of the firm is to diversify and open up its innovative scenarios. The 

methodology can be easily adopted by managers and executives. 

Results highlight that companies looking for external sources could investigate their 

business proximity if they intend to specialize in a defined field and/or collaborate 

with similar partners, while they could explore their strategic proximity if they intend to 

diversify their businesses, that is cooperating and exchanging knowledge with 

companies with distant but complementary assets. 

The present work shows interesting elements compared to the existing literature, 

mainly due to the novel use of network analysis for the screening and selection of 

‘distant’ partners for inter-firm cooperation and knowledge exchange. More 

specifically, the originality of the third methodology lies in the fact that it allows the 

selection of partners, even on large networks, on the basis of existing 

complementarities developed internally by firms in the observed population, rather 

than on the similarity between firms (which, instead, characterizes the first network). 

In our view, this is a very important aspect. Through the network of strategic 

proximity, it is possible to identify pairs of companies otherwise not identifiable 

through the most common measures of proximity adopted in the literature, which are 

based on the similarity between companies. As a result, two companies with different 

capabilities, distant on the network, can still be studied in pairs by the researcher 

and/or analyst on the basis of the ease with which it is possible to find a considerable 

number of companies that individually present these two capabilities together.  

To notice that the chance that two firms can identify areas of synergy, within which to 

start new collaborations and exchange knowledge, does not imply that any 

cooperation started should also be considered successful in terms of, for example, 

the level of innovation developed, or financial returns achieved. This last 

methodology aims to propose a tool to support the selection of partners with which it 

is more likely to find areas of synergy to be grasped, rather than a predictive tool 

aimed at estimating the degree of novelty or economic success of a possible 

partnership. In fact, on closer inspection, the higher the success of a partnership (as 

well as the exchange of knowledge), the lower the number of companies already 

working in those areas. 

The proposed methodology is particularly useful in clean-tech, which are 

characterized by firms’ continuous search for innovative solutions and technological 
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advancements. As well known, energy companies need to deliver technological 

breakthroughs quickly enough and might decide to partner with new innovative start-

ups, instead of committing itself in long and uncertain processes of RD&D. Many 

organizations around the world are moving in the direction of supporting firms in the 

phase of the partner selection. The Clean Energy Group and the Meridian Institute, 

for example, are focusing on the creation of a collaborative platform to address the 

challenges of climate change (Clean Energy Group and the Meridian Institute, 2009).  
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Figure 1: The ‘business proximity’ network (sample of 30 firms) 

 
Source: Own elaboration on CrunchBase (2018) 
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Figure 2: The ‘strategic proximity’ network (sample of 30 firms) 

 
Source: Own elaboration on CrunchBase (2018) 
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Figure 3: Frequency distribution for all firms in the network of business proximity  

 

Source: Own elaboration on CrunchBase (2018) 
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Figure 4: Frequency distribution for M&A firms in the network of business proximity  

 

Source: Own elaboration on CrunchBase (2018) 
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Figure 5: Frequency distribution for all firms in the network of strategic proximity  

 

Source: Own elaboration on CrunchBase (2018) 
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Figure 6: Frequency distribution for M&A firms in the network of strategic proximity  

 

Source: Own elaboration on CrunchBase 

 

Table 1: Number of clean-tech firms per year 

Year Number of firms Year Number of firms 
Before 2000 1620 2010 266 
2001 95 2011 257 
2002 98 2012 255 
2003 90 2013 277 
2004 119 2014 247 
2005 152 2015 200 
2006 188 2016 90 
2007 252 2017 43 
2008 260 2018 1 
2009 272    

Source: Own elaboration on CrunchBase (2018) 

 

 

Table 2: Number of clean-tech firms per country 

Country Number of firms Country Number of firms 
USA 2462 SWE 61 
GBR 403 ITA 51 
CAN 372 DNK 39 
FRA 123 IRL 39 
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DEU 118 FIN 34 
IND 114 ZAF 33 
AUS 103 CHE 28 
CHN 97 NOR 24 
NLD 78 BEL 22 
ESP 69 SGP 21 
ISR 67 JPN 20 

  
Other 
countries 404 

 

Source: Own elaboration on CrunchBase (2018) 

 

 

 

 

Table 3: Number of clean-tech firms per sectoral and technological areas (category 
group)  

Industry_category 
Number _group  In % 

Industry_category 
Number _group  In % 

Industry_category 
Number _group  In % 

sustainability 26.5% biotechnology 0.9% 
navigation and 
mapping 0.2% 

energy 21.4% consumer goods 0.8% sports 0.2% 

natural resources 12.8% food and beverage 0.8% 
administrative 
services 0.2% 

science and 
engineering 4.7% design 0.8% 

content and 
publishing 0.2% 

hardware 4.2% health care 0.7% 
government and 
military 0.2% 

manufacturing 3.7% mobile 0.7% privacy and security 0.2% 

software 3.1% 
professional 
services 0.6% video 0.1% 

consumer 
electronics 3.0% artificial intelligence 0.5% gaming 0.1% 

data and analytics 1.7% 
media and 
entertainment 0.4% advertising 0.1% 

real estate 1.6% 
community and 
lifestyle 0.3% platforms 0.1% 

commerce and 
shopping 1.5% 

lending and 
investments 0.3% payments 0.0% 

internet services 1.4% 
sales and 
marketing 0.3% 

messaging and 
telecommunications 0.0% 

transportation 1.4% apps 0.3% events 0.0% 
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information 
technology 1.4% education 0.2% music and audio 0.0% 
agriculture and 
farming 1.0% 

clothing and 
apparel 0.2%    

financial services 0.9% travel and tourism 0.2%     
Source: Own elaboration on CrunchBase (2018) 
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