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Purpose 

The main purpose of the exercise is the development of new methods to discover patterns that new technologies follow 
and the opportunities they offer for innovation. This brief attempts to foster a new understanding of the mechanisms gen-
erating innovations. It presents a methodology to identify future technology opportunities based on text mining of scientific 
and technological databases. Assisting priority or agenda setting, the method could be useful for technology managers 
and corporate decision-makers in planning and allocating R&D resources.

 

New Methods to Anticipate  
Opportunities around Technologies 

The analysis of new technologies has been of interest for 
many years. The increase in disruptive innovations and 
scientific research in recent years is driving institutions 
and also companies to develop methodologies for identi-
fying technologies of the future. However, it is necessary 
to develop methods suitable for discovering the patterns 
according to which these technologies are likely to 
evolve. This will make it possible to convert them into 
opportunities for innovation as an essential prerequisite 
for maintaining competitiveness in the long-term.  

Scientific and specifically patents databases are gen-
erally regarded as precursors of future or ongoing 
technological developments. Therefore, the analysis of 
such databases should enable identifying certain tech-
nology gaps that potentially could be transformed into 
opportunities.  

Against this background, the project “How to anticipate 
opportunities around technologies” moves towards 

understanding the mechanisms generating innovations. 

This exercise was designed and launched in light of the 
need to foster and accelerate scientific and technologi-
cal innovation. Scientific publications and patent records 
are analysed as the empirical basis of the study. 
Experts are then asked to comment on the results of the 
analysis. The methodology applied to monitor new 
technologies uses the tech-mining approach and a 
combination of quantitative analysis and expert knowl-
edge.  

We will demonstrate how this instrument allows anticipat-
ing opportunities around technologies drawing on exam-
ples from two different industrial sectors. The methodology 
has been developed working with data from two different 
technological fields in order to compare and validate re-
sults. The two technology fields are waste recycling and 
“non-woven” textiles and their applications. 

The project is running from 2010 until the end of 2012.  
The application to the waste recycling sector is financed 
through the SAIOTEK programme of the Basque Minis-
try of Industry, Trade and Tourism.  
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Quantitative Databases  
and Qualitative Knowledge 

The exercise deals with the identification of opportuni-
ties based on scientific articles and patent information, 
using quantitative methods to process the information 
and expert knowledge for assessing it. The main goal 
is to identify the most important factors influencing the 
development of a new technology and to understand 
the mechanisms generating innovation. 

The project team is comprised of researchers from the 
Industrial Engineering and Management Departments 
of the two technical universities University of the 
Basque Country and The University of Valencia and 
the R&D centre TECNALIA. The collaborating R&D 
centre has been granted the right to make first use of 
this research.    

Tapping into the Scientific Knowledge Base 

The exercise is divided into two phases. In Phase I, the 
technologies were defined in order to analyse the scien-
tific knowledge in the respective technology field and 
outline the technology landscape using the knowledge 
contained in articles and patents databases. We applied 
the tech-mining approach in the first step, then used a 
cross-correlation matrix and finally performed principal 
component analyses (PCA). This resulted in visualisa-
tions of the technology sectors where it is possible to 
determine gaps around technologies. Figure 1 

shows the characteristics of the scientific information 
analysed for the waste recycling sector.  

WASTE RECYCLING SECTOR 

Number of 

registers  

11677 28323 

Database  CSA Environmental Sciences and 
Pollution Management  

Derwent Innovation  
Index 

Supplier  Cambridge Scientific Abstracts  Thomson Reuters 

Short  

description   

Abstracts and citations are drawn 

from over 6000 serials including 
scientific journals, conference 

proceedings, reports, monographs, 

books and government publications 

Patents from 40 patent-

issuing authorities. 

Figure 1: Knowledge base for the recycling waste sector 

 

Assessing Emerging Technologies 

In Phase II, we will use qualitative techniques in order to 
assess the potential for the emerging technology gaps 
found. These interim results will be discussed with the 
experts (“bottom up”) to identify potential opportunities. 

The R&D centre will contribute upon request. They will 
play a key role particularly in identifying opportunities in 
the last phase. 

Previous works in this field were considered as well 
(see references). 

 

The Tech-mining Methodology 

The foresight method developed in this analysis is innova-
tive because it combines qualitative knowledge and quan-
titative data allowing the conclusions from the individual 
analysis to converge into a variety of industrial scenarios. 
Figure 2 shows an outline of the methodology. 

It retrieves and downloads the information on these two 
sectors using the Derwent Patents and Environmental 

Abstracts databases. The downloaded information is 
analysed using text mining techniques. 

In recent years, text mining has been an expanding 
area. The introduction of natural language techniques 
that use semantic algorithms combined with the most 
advanced statistical techniques, such as multivariate 
analysis or cluster analysis, have become powerful 
tools for discovering and visualising the knowledge 
contained in scientific literature. 

 

 

 

 

 

 

 

Figure 2: Methodology outline 
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Identifying Innovative  
Investment Opportunities 

Phase I of the project has been completed; the major 
socio-economic trends have been identified and the 
results disseminated as a paper to the international 
community exemplifying the analysis for the waste re-
cycling sector. At this point in the project, the main find-
ings, for instance on new technologies in waste recy-
cling, can already be utilised by innovative companies.  

One of the analyses was to determine the year in which 
the descriptor appeared for the first time (see Figure 3). 
The results allowed us to assess the new terms, such 
as “detritivores” or “allelopathy” in 2009, which belong 
to the biotechnological field. These terms, which we call 
weak signals, only appear once or twice. 

Biotechnological terms surfaced as we mined titles and 
terms in abstract in databases for 2010. These particu-
lar trends are also recognisable within the International 
Patent Classification IPCs for this period. 

We are working on creating multiple technological 
maps. For example, there have been several analyses 
of the patent applications downloaded from the Der-
went database. Figure 3 shows a result obtained after 
the cross-correlation of the individuals (patents) in a 
two dimensional space according to similarity of the   
International Patent Classification limited to four digits, 
ergo according to their technological contents. IPC is 
used to assign them to a similar technology group. 
Then we used the maps to identify patent clusters and 
areas where patents are lacking. The green ellipses 
drawn in Figure 3 represent the gaps where there are 
no patents. 

In a further step, we screened and investigated the 
patents adjacent to each gap to determine the meaning 
of the patent gaps. The objective was to analyse the 
emergence of each gap and evaluate certain indicators 
that we expected to tell us whether the gap represents 
a technologically valuable area or not. 

Qualitative indicators were defined such that the densi-
ty of the gap measures the average number of claim 
items of adjacent patents and the half-life of the patents 
in the vicinity of the gap while allowing to evaluate the 
documents on patents on the gap borders in terms of 
how they relate to the most up-to-date keywords. 

In order to establish a methodology to analyse the 
emerging technologies, we determined the year when 
the keywords, i.e. the descriptor, appeared for first time, 
as mentioned above. It is possible to classify these key-
words into two types: keywords of emerging or declin-
ing frequency. By comparing, we can contrast the 

number of keywords by years between the different 
gaps. In essence, this procedure allowed us to meas-
ure emerging technologies through the keywords found 
in the patents surrounding the gap. 

 

Figure 3. Cross-correlation of IPC-detecting gaps 

In the field of non-wovens, the tech-mining methodol-
ogy allowed us to identify several emerging technology 
trends, among others the increasing use of nanotech-
nologies in the patented inventions. 

During Phase II, we will validate the methodology. An 
advance in research requires the participation of experts 
in the field of waste recycling and non-woven textiles 
who can assess the articles in terms of newly found 
references. The opinion of the experts about the poten-
tial impact of newly identified technologies will allow us 
to determine the most innovative areas of work. 
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Bio- and Nanotechnology Innovations for 
Waste Recycling and Non-woven Sectors 

The main contribution of this study to research policy is 
that it provides a methodology to identify new and 
emerging technologies leading to innovations. An insti-
tutional policy encouraging the tendencies identified 
should be able to increase regional competitiveness.  

Our analyses support decision-making through under-
standing how innovations are generated, enabling de-
cision-makers to anticipate and address the challenges 
identified and the emerging weak signals. Furthermore, 
once the project is completed, we will have applied our 
method to two practical cases from the waste recycling 
and non-woven sectors. With these examples, we want 
to demonstrate how the methodology suggested can be 
applied to anticipate opportunities. 

The method could be particularly useful for technology 
managers and corporate decision-makers in order to 
plan and allocate R&D resources. Governments and 
regional development agencies could also use it to 
improve innovation policies in terms of planning and 
decision-making. 

However, in many cases, new technologies are a nec-
essary but not a sufficient condition for successful in-
novations. A wide range of non-technical factors are 
relevant as well (demand, regulations etc.). For suc-
cessful implementation, it will be necessary to identify 
the innovation pathways. 

We believe that in a context of increasing uncertainty 
and financial constraints, these results show that fore-
sight methodologies such as tech-mining offer a positive 
return on investment for policy and decision-makers. 
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About the EFP: Policy professionals dealing with RTD, innovation and economic development increasingly recognize a need to base decisions on 
broadly based participative processes of deliberation and consultation with stakeholders. Among the most important tools they apply are foresight and 
forward looking studies. The EFP supports policy professionals by monitoring and analyzing foresight activities and forward looking studies in the Euro-
pean Union, its neighbours and the world. The EFP helps those involved in policy development to stay up to date on current practice in foresight and 
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