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Abstract 

The aim of this paper is to investigate the role of Jacobian externalities stemmed from different 

technological sectors for international firms engaged both in environmental and in dirty activi-

ties. Firms’ innovation, measured, as the development of new patents, is a key factor behind the 

achievement of desired economic performances. Empirical literature usually deals with the inte-

gration between ecological efficiency and product value enhancement. The results of these stud-

ies lead to the lack of integrated innovation adoption behind environmental productivity per-

formance. In this work, we analyse the integration between more environmental goals in an 

original way, by applying different methodologies to compute technological proximity, based on 

the Mahalanobis approach. To this end, we use information from 240 large international firms, 

located in three economic areas: USA, Japan and Europe and we select their environmental and 

dirty patents from European Patent Office data.  
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1. Introduction 

The empirical literature about environmental innovations and their effects on firms’ productivi-

ty (Marin and Lotti, 2016) and, in particular, on firms’ ecological performance (Costantini, Mazzanti, 

Montini, 2013); Gilli, Mancinelli, Mazzanti, 2014) is very rich.  

European Environmental targets on emissions depend upon technological evolution of firms’ 

industrial sectors. European economy must undergo important radical changes to assure long run sus-

tainability. 

Environmental innovations represent a fundamental role in the process of integration between 

competitiveness and sustainability (Cainelli et al. 2012; De Marchi, 2012; Harbach, 2008; Kemp and 

Pontoglio, 2011).  

Literature about innovation framework has paid attention to the complementarity between dirty 

innovations and environmental ones (Hall et al. 2012; Mancinelli and Mazzanti, 2009; Mohnen and 

Roller, 2005). 

In this paper, we focus our attention on the analysis of integration process between only eco-

logical activities. To this end, we identify technological patent classes of three environmental targets for 

240 large International firms, located in the USA, Japan and Europe: water pollution abatement, waste 

management efficiency and energy production efficiency and we evaluate their Mahalanobis proximi-

ties.  

The paper is structured as follows: Section 2 presents a review of the empirical literature about 

the integration process between dirty and environmental activities; Section 3 describes the data used in 

the empirical analysis; Section 4 discusses the environmental technological proximities for firms select-

ed in our sample; Section 5 presents the empirical analysis about three environmental targets: water pol-

lution abatement, waste management efficiency and energy production efficiency by economic area; 

Section 6 concludes.
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2. Literature review  

Ghisetti and Quatraro (2017) and Costantini, et al. (2016) show that there is a bulk of literature, 

that highlights the importance of policy interventions for stimulation the adoption of environmental 

innovations and green technologies that have positive influence on environmental and economic per-

formance of country/region  (Carrión-Flores et al., 2013; Nesta et al., 2014; Acemoglu et al., 2012; Del 

Río González, 2009; Kammerer, 2009; Popp et al., 2009 (and also Popp, 2002, 2006, 2010); Fischer and 

Newell, 2008; Rehfeld et al., 2007; Wagner, 2007; Brunnermeier and Cohen, 2003; Reinhardt, 1998; 

Porter and van der Linde, 1995). Barbieri et al., 2016 propose a comprehensive literature review of 

studies on the environmental innovations and their effects onto environmental performance. Among 

the recent papers that estimate the determinants and the effects of environmental innovations on 

environmental performance, Ghisetti and Quatraro (2017) highlight the following studies Gilli et al., 

2014; Costantini et al., 2013; Cainelli et al., 2013; Ghisetti and Quatraro, 2013; Mazzanti and Zoboli, 

2009.    

NAMEA (National Accounting Matrix including Environmental Accounts) models are exten-

sively used in the analysis of effects of environmental innovations on environmental performance. 

Since the Italian case  is “only full regionalized NAMEA available in the EU” (as mentioned in Costan-

tini, Mazzanti and Montini, 2013, p. 103) NAMEA in regional or country level is often used for Italian 

regions or sectors of the economy. The examples of application of NAMEA approach for measuring 

the effects of environmental innovations are Ghisetti and Quatraro; 2017; Costantini et al., 2013; 

Ghisetti and Quatraro, 2013; Marin and Mazzanti, 2013; Marin et al., 2012; Mazzanti and Montini, 

2010; Mazzanti et al., 2008; Mazzanti and Montini, 2010; Mazzanti and Zoboli, 2009). 

Antonioli and Mazzanti (2017) use the methodology of multidimensional questionnaire. In par-

ticular, they study the involvement of trade unions on the environmental innovation activity in  555 

Italian manufacturing firms in the Emilia-Romagna region for a period 2006 – 2008. According to An-

tonioli and Mazzanti (2017) there other papers that study firms’ environmental innovations on the basis 
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of survey methodology include such studies as  Mazzanti et al., 2016; Borghesi et al., 2015;  Triguero et 

al., 2013; Horbach et al., 2012; Cainelli et al., 2012; Kesidou and Demirel, 2012; Veugelers, 2012. 

D'Amato, A., Mancinelli, S., & Zoli (2016) also use the methodology of survey (Survey of Pub-

lic Attitudes and Behaviors toward the Environment) to study the environmental behaviour of house-

holds in England. As mentioned by these authors there are other examples of surveys of households’ 

environmental behaviour in different countries. Examples here are Korea (Hong, 1999); Canada  

(Ferrara and Missios, 2005); Norway  (Kipperberg, 2007); USA (Kinnaman and Fullerton, 2000; 

Fullerton and Kinnaman, 1996; Hong et al., 1993). 

In table A.1 in the Appendix we provide the summary of recent studies on spillovers of envi-

ronmental innovations and green technologies.  

3. Data 

We use information from OECD, REGPAT database, February 20161. This dataset covers 

firms’ patent applications to the European Patent Office (EPO) including patents published up to De-

cember 2015. The dataset covers regional information for most OECD and EU27 countries, plus 

BRICS countries. 

In order to explore the correlation between environmental technology classes, we match the 

name of the same 240 firms to applicant’s name from European Commission (2013), as in Aldieri, 

2013. 

The matching between the firms and their counterpart in OECD, REGPAT database, February 

2016 is not easy and leads to one difficulty: many large firms have several R&D performing subsidiaries 

in several countries and thus it is hard to link the patents applied by these subsidiaries to the parent 

company. Unfortunately, we cannot prepare an accurate mapping because of changes through mergers 

and acquisitions processes. 

We follow two steps: patents are assigned to firms on the basis of their generic name; this pro-

cedure is repeated for each firm of our sample (Aldieri, 2013). 
																																																								

1	See Maraut et al. (2008) for the methodology used for the construction of REGPAT. Please contact Hele-

ne.DERNIS@oecd.org to download REGPAT database. 
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According to Kemp and Pearson (2007), environmental innovation is “the production, assimilation 

or exploitation of a product, production process, service or management or business method that is novel to the organization 

(developing or adopting it) and which results, throughout its life cycle, in a reduction of environmental risk, pollution and 

other negative impacts of resources use (including energy use) compared to relevant alternatives”. 

As in Marin and Lotti (2016), environmental innovations are identified through appropriate in-

dicators on patent data, according to their technological class2. In Table 1, we report those patents with 

IPC code belonging to the groups selected by the OECD or the World Intellectual Property Organiza-

tion (WIPO).  

Table 1. Environmental patent classes 

Macro cat-
egory 

Sub-category IPC 

Water  Water pollution abatement C02F, E03F, E02B, C09K, C05F, B63J, E03C, E03B 
 

Waste man-
agement 

Solid waste collection E01H, B65F 
Material recovery, recycling, and 
reuse 

A23K, A43B, B03B, B22F, B29B, B30B, B62D, B65H, B65D, C03B, 
C03C, C04B, C08J, C09K, C10M, C22B, D01G, D21B, D21C, 
D21H, H01B, H01J, H01M 

Waste management n. e. c. B09B, C10G, A61L 
Waste disposal F03G, B60K, B60L, B09B, B65F 
Treatment of waste A61L, A62D, B03B, B09C, D21B 
Consuming waste by combustion F23G 
Reuse of waste materials A43B, B22F, C04B, C05F, C08J, C09K, C11B, C14C, C21B, C25C, 

D21F, B29B, B62D, C08J, C10G, C10L, C22B, D01G, D21C, H01J, 
H01M 

Energy 

Integrated emissions control F02B, F02M, F01N, F02D, G01M, F02P 
Post-combustion emissions con-
trol 

F01M, F01N, F02B, F02D, F02M, G01M, B01D, B01J, B60, B62D 

Technologies specific to propul-
sion using electric motor 

B60K, B60L, B60R, B60S, B60W 

Technologies specific to hybrid 
propulsion 

B60K, B60W 

Fuel efficiency-improving vehicle B62D, B60C, B60T, B60G, B60K, B60W 
Insulation F04B, E06B 
Heating F24D 
Lighting H01J, H05B 
Wind energy F03D, H02K, B63B, E04H, B60K, B60L, B63H 
Solar energy H01L, H01G, H02N, C01B, C23C, C30B, G05F, F21L, F21S, H02J, 

H01H, H01M, F24J, E04D, F22B, F25B, F26B, G02B 
Geothermal energy F01K, F24F, F24J, H02N, F25B, F03G 

 

As we may see from Table 1, we investigate the technological proximity between classes for 

three environmental goals of firms: water pollution abatement, waste management efficiency and ener-

																																																								
2	http://www.oecd.org/env/consumption-innovation/indicator.htm 
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gy production efficiency. In particular, we analyze the integration process degree between environmen-

tal technology classes, as discussed in the previous sections.  

 

 

Note: Bubble size (square) is set as number of patents in “Water” category. Relations between size of all bubbles is 
set to 100%. For companies with zero patent activity in “Water” category, bubble size is set as 0.01. Due to their 
micro-size they are not visible on the graph.   
Figure 1. Distribution of patent activity on “Water”, “Waste management” and “Ener-
gy” categories in the studied 240 large international firms 
 
Figure 1 plots the patent activity of the 240 studied firms in three patent classes (Energy, Water 

and Waste management). For better visualization, we color firms from EU in blue, from Japan – in 

Red, firms from the USA. As we can see, the vast majority of firms are concentrated in the low patent 

activity zone.   
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Figure 2. Distribution of dirty/ecological patents by economic area 

 
Table 3. Distribution of environmental patents by economic area 
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In Figure 2, we compare dirty patents versus ecological ones by economic area: the American 

firms produce more ecological patents than dirty ones, while Japanese and European firms are yet 

technologically linked to dirty activities innovations. 

Figure 3 presents the distribution of environmental patents by economic area. In particular, in 

our analysis we consider three environmental goals: water pollution abatement, waste management effi-

ciency and energy production efficiency. As we may observe, American firms are specialized in the en-

ergy production efficiency process, while European firms innovate mainly for water pollution abate-

ment.  

 

 

4. Environmental Technological Proximity 

A relevant issue in the empirical analysis on knowledge flows is the computation of technologi-

cal proximity, which reflects the intensity of spillovers between the source and the recipient of innova-

tion.  

In the literature, there are different approaches to use patent data on the technological proximi-

ty computation.  From one hand, we may identify the ‘relatedness of technology fields’, which can be 

distinguished into ex ante and ex post approach (Cantwell and Noonan, 2001). As far as the post ap-

proach, Teece et al. (1994) and Engelsman and van Raan (1991) argue that technological diversification 

of firms in several technological classes is not random: according to ‘survivor principle’, firms which 

combine relative activities are more likely to survive. In the ex ante approach, the relatedness is meas-

ured by the co-occurrence of classifications in patent documents (Breschi et al., 2003; Nesta and Saviot-

ti, 2005). 

From on another hand, we may consider the proximity between patent portfolios. In this per-

spective, the most used measure is the uncentered correlation coefficient, introduced by Jaffe (1986). 

This procedure rests in the construction of a technological vector for each firm based on the distribu-
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tion of its patents in a multi-dimensional space and the proximity is the uncentered coefficient between 

the corresponding technology vectors (Aldieri and Cincera, 2009; Aldieri, 2011 and 2013).  

Other procedures to compute proximity are relative to the Euclidean distance (Rosenkopf and 

Almeida, 2003; Cincera, 2005) and the Min-complement measure developed by Bar and Leiponen 

(2012).  

The aim of this paper is to investigate the integration degree between technology classes of en-

vironmental patents. Since Jaffe’s proximity assumes flows only occur within the same technology class,  

Marshall, Arrow, Romer (MAR) or intra-industry or specialized externalities (Marshall, 1890; Arrow, 

1962; Romer, 1986; Glaesar, Kallal, Scheinkman and Shleifer, 1992), but rules out spillovers between 

different classes,  Jacobian or inter-industry or diversified externalities (Jacobs, 1969), we use the Ma-

halanobis index (Bloom et al., 2013 and Aldieri, 2013), based on the frequency that patents are taken 

out in different classes by the same firm, the co-location (Lychagin et al., 2016).  

To compute the Mahalanobis proximity, we have to define some notations (Aldieri, 2013). First, 

the (N, C) matrix T = [T1’, T2’, …,TN’] which contains in each row firms’ patent shares in the C techno-

logical classes, where C = 8 for water pollution abatement, C = 37 for waste management efficiency 

and C = 46 for energy production efficiency. Second, we define a normalized (N, C) matrix 

( ) ( ) ( )
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
= 2

1
'
NN

'
N2

1
'
22

'
22

1
'
11

'
1 TT/T...TT/T,TT/TT~ ,	 in which each row is simply normalized by the firm’s 

patent share dot product. Third, we define the (N, N) matrix  P = 'T~T~ , which is just the standard Jaffe 

(1986) uncentered correlation coefficient measure between firms i and j. Fourth, we define a (C, N) ma-

trix ( ) ( )
⎥
⎥

⎦

⎤

⎢
⎢

⎣

⎡
= 2

1
'

)N(:,)N(:,
'

)N(:,2
1

'
)1(:,)1(:,

'
)1(:, TT/T,...TT/TX~ 	where T(: , i) is the ith column of T and C = 8 for 

water pollution abatement, C = 37 for waste management efficiency and C = 46 for energy production 

efficiency. Now, we can define the (C, C) matrix 'X~X~=Ω 	in which each element is the standard Jaffe 

(1986) 0 to 1 uncentered correlation measure between patent classes (rather than between firms). Thus, 

the Mahalanobis proximity measure is defined as 'T~T~P~ Ω= . 
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 For example, Table 2.a illustrates the Mahalanobis proximity between technology classes for 

water pollution abatement for all economic areas, while Tables 2.b, 2.c and 2.d for Europe, Japan and 

the US respectively. 



	 11	

Table 2.a. Mahalanobis proximity between water environmental goal (all data) 

 C02F E03F E02B C09K C05F B63J E03C E03B 
C02F 1.00 0.09 0.05 0.22 0.10 0.12 0.14 0.00 
E03F 0.09 1.00 0.20 0.07 0.18 0.16 0.00 0.00 
E02B 0.05 0.20 1.00 0.13 0.08 0.07 0.00 0.00 
C09K 0.22 0.07 0.13 1.00 0.14 0.03 0.07 0.07 
C05F 0.10 0.18 0.08 0.14 1.00 0.00 0.09 0.00 
B63J 0.12 0.16 0.07 0.03 0.00 1.00 0.00 0.00 
E03C 0.14 0.00 0.00 0.07 0.09 0.00 1.00 0.02 
E03B 0.00 0.00 0.00 0.07 0.00 0.00 0.02 1.00 

Notes: The highest values of Mahalanobis proximity are highlighted in green, while the low-
est values – in red.  
 

Table 2.b. Mahalanobis proximity between water environmental goal (data for Europe) 

 
C02F E03F E02B C09K C05F B63J E03C E03B 

C02F 1.00 0.11 0.07 0.32 0.08 0.11 0.44 0.00 
E03F 0.11 1.00 0.38 0.18 0.44 0.85 0.00 0.00 
E02B 0.07 0.38 1.00 0.05 0.05 0.45 0.00 0.00 
C09K 0.32 0.18 0.05 1.00 0.42 0.00 0.08 0.19 
C05F 0.08 0.44 0.05 0.42 1.00 0.00 0.00 0.00 
B63J 0.11 0.85 0.45 0.00 0.00 1.00 0.00 0.00 
E03C 0.44 0.00 0.00 0.08 0.00 0.00 1.00 0.00 
E03B 0.00 0.00 0.00 0.19 0.00 0.00 0.00 1.00 

 
Table 2.c. Mahalanobis proximity between water environmental goal (data for Japan) 

 
C02F E03F E02B C09K C05F B63J E03C E03B 

C02F 1.00 0.14 0.01 0.22 0.03 0.20 0.14 0.00 
E03F 0.14 1.00 0.00 0.06 0.00 0.00 0.00 0.00 
E02B 0.01 0.00 1.00 0.16 0.17 0.00 0.00 0.00 
C09K 0.22 0.06 0.16 1.00 0.14 0.00 0.06 0.02 
C05F 0.03 0.00 0.17 0.14 1.00 0.00 0.00 0.00 
B63J 0.20 0.00 0.00 0.01 0.00 1.00 0.00 0.00 
E03C 0.14 0.00 0.00 0.06 0.00 0.00 1.00 0.03 
E03B 0.00 0.00 0.00 0.02 0.00 0.00 0.03 1.00 

 
Table 2.d. Mahalanobis proximity between water environmental goal (data for USA) 

 
C02F E03F E02B C09K C05F B63J E03C E03B 

C02F 1.00 0.00 0.07 0.22 0.32 0.00 0.18 0.00 
E03F 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 
E02B 0.07 0.00 1.00 0.20 0.07 0.00 0.00 0.00 
C09K 0.22 0.00 0.20 1.00 0.02 0.16 0.13 0.13 
C05F 0.32 0.00 0.07 0.02 1.00 0.00 0.61 0.00 
B63J 0.00 0.00 0.00 0.16 0.00 1.00 0.00 0.00 
E03C 0.18 0.00 0.00 0.13 0.61 0.00 1.00 0.00 
E03B 0.00 0.00 0.00 0.13 0.00 0.00 0.00 1.00 

 
5. Statistical analysis 

From the previous analysis, we get twelve matrices: three matrices based on Mahalanobis prox-

imity between technology classes for water (8 x 8 = 64 indicators), waste (37 x 37 =1369 indicators) 

and energy (46 x 46 =2116 indicators) environmental goals for all economic areas; three matrices for 

each environmental target and for each economic area. 
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In order to investigate the integration degree between environmental technology classes, we 

consider the correlation between environmental proximity of each economic area with respect to that 

relative to all economic areas, which measures the frontier value on average. In this way, we can under-

stand whether there is statistically significant variation in the ecological technological process, able to 

justify the gap of environmental performance with respect to dirty activities productivity, as discussed 

in the literature review section. 

Table 3. Correlations between environmental proximities  

EUROPE   JAPAN    USA 

	
WATER 0.88*  [0.82 - 0.93]  0.98* [0.97 - 0.99] 0.84* [0.75 - 0.90] 

	
WASTE 0.58* [0.54 - 0.61]  0.81* [0.79 - 0.82] 0.92* [0.91 - 0.92] 

	
ENERGY 0.69* [0.67 - 0.71]  0.69* [0.66 - 0.71] 0.86* [0.85 - 0.87] 

 
    Note: * Correlation significant at the 1% . Confidence intervals are indicated in squared brackets 

 

As we may observe from Table 3, American firms compared to frontier values are characterized 

by high integration between all environmental activities, while European firms are less integrated for 

waste management efficiency and energy production efficiency and Japanese firms evidence less inte-

gration in energy production process. Thus, there is statistically significant variation in correlation be-

tween environmental proximities in each economic area and frontier values. This result seems to indi-

cate that the leak of firms’ environmental performance in developed countries should be explained also 

taking into account the integration between ecological activities and not only the integration process 

between dirty and ecological activities.  

6. Conclusions 

The aim of this paper is to investigate the role of Jacobian externalities stemmed from different 

technological sectors for international firms engaged both in environmental and in dirty activities. Lit-

erature about innovation framework has paid attention to the complementarity between dirty innova-

tions and environmental ones. The results of these studies lead to the lack of integrated innovation 

adoption behind environmental productivity performance. In this paper, we focus our attention on the 

analysis of integration process between only ecological activities. To this end, we identify technological 

patent classes of three environmental targets for 240 large International firms, located in the USA, Ja-
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pan and Europe: water pollution abatement, waste management efficiency and energy production effi-

ciency.  

Since Jaffe’s proximity assumes flows only occur within the same technology class (MAR exter-

nalities), but rules out spillovers between different classes (Jacobian externalities), we use the Ma-

halanobis index, based on the frequency that patents are taken out in different classes by the same firm, 

the co-location. 

In order to investigate the integration degree between environmental technology classes, we 

consider the correlation between environmental proximity of each economic area with respect to that 

relative to all economic areas, which measures the frontier value on average. In this way, we can under-

stand whether there is statistically significant variation in the ecological technological process, able to 

justify the gap of environmental performance with respect to dirty activities productivity. The findings 

of statistical analysis evidence that American firms compared to frontier values are characterized by 

high integration between all environmental activities, while European firms are less integrated for waste 

management efficiency and energy production efficiency and Japanese firms evidence less integration in 

energy production process. Thus, there is statistically significant variation in correlation between envi-

ronmental proximities in each economic area and frontier values. This result seems to indicate that the 

leak of firms’ environmental performance in developed countries should be explained also taking into 

account the integration between ecological activities and not only between dirty and ecological activi-

ties.  
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