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Abstract: Technological innovation is nowadays an important tool in the construction of alternatives 

to the economic development of each country. Therefore is important to understand the nature of 

innovation, how it interacts with the competitiveness and the mechanisms which involve the social and 

economic agents. There have not been published enough strategic studies based on objective data 

concerning the concrete importance and the amount of resources used by the companies in R&D 

activities in Portugal, and the subsequent level of corporate success that innovation activities have led 

to. This thesis is based on the study of a set of objective data on how much, how and in what form the 

main industrial enterprises of chemical and biological processes in Portugal invested in R&D, and 

classify them based on their objective data according to a statistical variable called curve ABC. It was 

conducted a rather extensive analysis of the corporate activities within the various sectors of that 

industry and it was collected the information available about the 362 companies studied. The 

classification of companies was based on the formulation and implementation of certain parameters 

that allowed the differentiation of the companies in terms of R&D. The results point to an industry in 

which a significant number of companies make a considerable effort in the use of R&D resources in 

Portugal. The objective data analysed allow us even to conclude that certain sectors, such as 

Pharmaceutical, Synthetic Resins and Plastics, Ceramics and Foods sector demonstrate effective 

implementation of available resources for technological innovation. 
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1.  Introduction  

The last decade was marked by profound 

changes in the configuration of the production 

system. The changes in the competitiveness 

framework in Europe and in the whole World, 

in a context of globalization have been 

accompanied by major changes in production 

processes and in industrial organization, and in 

the development of new activities and 

products, among others. Technological 

innovation and, through it, the increases of 

competitiveness is emerging today as a key 

tool in building an alternative to the 

development of the countries. Therefore it is 

important to understand the nature of 

innovation, how to promote positive impacts on 

competitiveness and the mechanisms by which 

the social and economic agents are involved. 

Without that understanding it will be difficult to 

effectively use innovation as a means of 

economic and social intervention that, each of 

us, is able to mobilize. The main objective of 

this study is to assess the importance given by 

companies in chemical and biological process 

industries, in Portugal, in terms of 

technological development, and also to 

analyse which resources are provided by state 

agencies, by private bodies, by the companies 

themselves, and how those resources are 

applied in activities that create and generate 

value for the company itself, and therefore, for 
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Portugal and its economy. For this purpose, 

Parameters for the selection of enterprises in 

function of the importance attached to their 

respective research activities and technological 

development (R&D) were defined. This 

provided a maximum of objective information 

for a proper distribution of companies in the 

ABC curve, a statistical variable that allowed 

an appropriate differentiation based on the 

behaviour of the companies.  

The publication of scientific research papers on 

the strategic evaluation of the effectiveness of 

entrepreneurial R&D management has been 

very scarce, so far, in Portugal, and the 

academic effort to study on the ground the 

technological innovation carried out by 

chemical and biological process industries is 

also still very low or almost non-existent. This 

study is also intended to be a contribution 

towards an improvement in the practices of 

technological innovation in the industries 

studied, based in the objective data collected 

in the time that goes from 1996 to 2006.  

 

2. Chemical and Biological Industrial 

Sectors, Criteria and Incentives for R&D  

2.1. Sectors of Chemical and Biological 

Industries  

The chemical and biological processes are a 

fundamental basis of economic and 

technological development. From steel to the 

computer industry, from agriculture to 

aerospace industry, there is no area or sector 

that does not use processes or products from 

the chemical or biological process industries. 

With a high degree of scientific and 

technological development, the chemical or 

biological process industries transform 

elements present in nature into products useful 

to man. Substances are modified through 

advanced processes, to generate intermediate 

raw-materials to be used in the formulation of 

medicines, in the generation of energy, in food 

production, in water purification, in the 

manufacture of goods such as cars and 

computers, in the construction of houses, and 

to obtain a multitude of products such as 

clothing, household utensils and hygiene 

articles that are the basis of day-to-day modern 

life. As such, the industry of chemical and 

biological processes is present in a wide range 

of sectors that have been studied and defined 

as follows, based on the literature reference 

[1]: Inorganic Chemicals; Organic Chemicals; 

Fertilizers; Agrochemicals and Agents for the 

Protection of Plants ; Synthetic Resins and 

Plastics; Artificial and Synthetic Fibbers; 

Elastomers and Rubber Articles; 

Pharmaceutical Industry; Resinous Derivatives 

and Forestry; Paints and Coatings; 

Surfactants, Soaps and Detergents; Glues, 

Adhesives and Mastics; Essential Oils, 

Perfumes and Cosmetics; Oils and Non-food 

materials; Several Chemical Works; Refining of 

Petroleum \ Bio Fuels; Pulp and Paper 

Industry; Environment Industry; Food Industry; 

Glass Industry; Ceramics Industry; and 

Biotechnology. 

 

2.2. Criteria and Selection of Companies  

To establish the selection of the companies 

that have a more relevant national activity in 

R&D, a variety of criteria that provide the 

maximum of objective information to allow the 

proper distribution of firms within the ABC 

curve was set up. It was also set up a score 

table that reflect the importance of the different 

criteria on a quantitative basis in order to 

establish a set of comparative results, that 
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would lead to very rigorously quantified results. 

The main criteria that led to the results shown 

in the score table were the following 

Parameters: A) Net turnover of companies in 

the years 2005 and 2006; B) Investment in 

R&D according to the reports and accounts of 

the companies under scrutiny in the years 

2004, 2005 and 2006; C) Reference in listings 

of incentives granted by the Portuguese 

Agency for Innovation, particularly in the 

Programs for Recruitment of Masters and 

Doctors, and the NITEC; D) Quotations in 

economic journals about general activities of 

the companies; E) Companies with R&D 

activities, from 1996 to 2006, according to the 

Portuguese Centre for Science and 

Technology, and the Foundation for Science 

and Technology; F) References in listings of 

COTEC, the existence of patents, the request 

by the companies for support programmes 

offered by the PRIME Project of the 

Portuguese Ministry of Economy and 

Innovation, references in the press as awards / 

citations for specific activities on Technological 

Innovation in the period from 1996 to 2006;   

G) Inclusion in the list of 50 companies with 

greater investment in R&D in 1999, 2001, 2003 

and 2005, according to the Observatory for 

Science and Technology; and H)  Finally it was 

considered that each sector should be  

represented in the A group by at least one 

company .  

Each Parameter gives a numerical 

contribution based on the quantitative 

importance that each Parameter has in terms 

of R&D. The distribution of the company by 

each group of the ABC curve results from the 

sum of the numerical scores obtained in each 

Parameter by each company.  

The final decision factor for the position of 

each company in the ABC curve results from 

the application of the following criteria: Group 

A, with the final sum of scores in all 

Parameters, equal or larger than 12; Group B, 

with the final sum of numerical scores obtained 

in the whole set of parameters, equal to or 

greater than 5 and less than 12; and Group C 

with final sum of numerical scores achieved in 

all parameters, of less than 5. 

 

2.3. Support and Incentives for R&D 

business  

The policies of R&D, innovation and 

entrepreneurship have, in recent decades, 

been associated with specific programmes 

under the European Community Support 

Frameworks. The relatively low-level of 

organizational competence in the area of R&D 

in the majority of companies reflects the 

limitations in terms of professional training of 

various agents, and that fact has provoked 

barriers to technological innovation and 

development in Portugal. In specific terms of 

R&D enterprise policy, the main instrument 

under different Community Support Framework 

(CSF), in particular the CSFIII was based on 

the Program for the Incentives to the 

Modernization of Economy (PRIME). Through 

this program several incentives were created 

to stimulate and support the activity of R&D in 

the companies. Public incentives, like a system 

of incentives for modernization of the economy 

(SIME), for the recruitment of highly qualified 

persons with PhD and Master degrees, 

programmes to support business development 

(IDEIA), centres of technological research 

(NITEC), programmes to stimulate the 

industrial property (SIUPI), among others, 

formed a system of incentives that was aimed 
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to increase the business competitiveness by 

investing in factors of innovative nature. These 

incentives and public supports promoted the 

activities of technological innovation and led 

companies to increase their competitive 

capacity in the markets where they operate, 

and significantly improved the performance of 

the company against the competition. In 

addition to the public policies to support R&D 

activities just mentioned, other actions were 

also taken to highlight the visibility among the 

public of the results of technological innovation 

in companies and which also aim to stimulate 

this important aspect of economic activity in 

Portugal. Associations such as COTEC, which 

finances projects to promote the 

competitiveness of enterprises, references in 

speciality magazines or the winning of awards 

of innovation, or if the companies are holders 

of patents, are important factors that 

demonstrate the desire of a company to 

engage in R&D activities. These aspects were 

considered in the definition of Parameters 

presented above that allowed the classification 

of companies into three distinct groups, 

according to the ABC curve.  

 

3. Results 

After obtaining the distribution of the 

companies within the three groups of the ABC 

curve, it appears that approximately 23% of 

companies studied are placed in group A, 30% 

are in Group B and the remaining 47% in 

group C.  

 

 

Table 3.1. Number of companies by group. 

 Group A Group B Group C Overall 

Micro - Companies 0 1 37 38 

Small Companies 5 7 51 63 

Medium-Sized Companies 24 59 68 151 

Larger Companies 55 42 13 110 

Overall 84 109 169 362 

 

 

 

3.1. Analysis of R&D Activities in 

Companies 

The chemical and biological process 

industries in Portugal have shown a positive 

development in the context of the overall R&D 

investment. According to GPEARI, in 2005, 

30% of all enterprises / business groups in the 

overall ranking of the "50 Companies / 

Business Groups with increased investment in 

R&D" were of this industry. This trend is due to 

the fact that, in general, these companies find 

themselves in very competitive markets, which 

strongly influence their returns. The creation of 

initiatives capable of supporting organizational 

changes, devising strategies and models of 

efficient technological innovation, are only 

possible with the collaboration of highly 

qualified human resources. It is then very 

important to note the remarkable progress 

registered in the recruitment of persons with 
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masters and doctors degrees by companies 

over the last 25 years, and to note that 

companies, in the chemical and biological 

process industries, represent approximately 

24% of the universe of companies that used 

the Portuguese Programme to Promote the 

Recruitment of Masters and Doctors. However, 

the use of mechanisms of protection of 

industrial property such as patents is still 

relatively uncommon, as is highlighted by the 

relatively low use, by companies, of the state 

incentives that promote the patent registration 

process. It should also be underlined that a 

large number of companies do not present any 

kind of innovative factor, thus failing to get any 

score in any of the Parameters. 

3.2. Analysis of R&D Activities in the 

Different Sectors 

Technological innovation was carried out with 

different intensity in the several sectors 

studied. Some sectors promote strong 

relationships between the private sector, 

universities and research units, while in other 

sectors such cooperation is not relevant. For 

some sectors the focus is the development of 

new products and protection through patents, 

while in others the most important is the 

acquisition of the skills necessary to efficiently 

use new machinery and modern equipments.  
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Chart 3.1 Number of companies by sector 

 

From the observation of the chart 3.1, there is 

predominance of some sectors over others in 

the application of R&D and in the use of 

programs and activities that encourage 

innovation through the use of scientific and 

technological development. The 

Pharmaceutical sector, Synthetic Resins and 

Plastics sector, the Food Processing sector, 

the Ceramics sector and the Biotechnology 

sector predominate over the others, in terms of 

the number of companies that carried out R&D 

activities. On the opposite direction, it appears 

that the Essential Oils, Perfumes and 

Cosmetics sector and the Environmental 

sector have low rates of R&D, and in fact the 

research carried out in this work shows that 

these two sectors do not have any company 

that obtained a numerical score that would put 
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them directly in group A. Of course these 

results should be subject to further analysis in 

future works. 

 

3.3. Analysis of R&D Activities in Most 

Relevant Companies 

The promotion of internal activities of 

research and technological development, 

promoting the differentiation of product, is one 

of the most frequently used methods of 

innovation in enterprises of the chemical and 

biological process industries in Portugal. The 

data obtained indicate that companies that 

have a higher turnover are also those that 

proportionally make better use of the various 

incentives and public supports to the R&D 

activities. Comparing the turnover figures of 

the companies present in group A with those in 

other groups, we easily notice a structural 

difference in terms of size. As Chart 3.2 shows, 

large companies are those that have the 

largest number of R&D activities while the 

opposite is true for the micro-companies. 
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Chart 3.2 Number of companies by dimension 

 

In companies, innovation involves always 

complexity and change, whether in technology, 

in the organization or in its economic 

environment. So, the threats and technological 

opportunities are often difficult to identify, the 

strategies of innovation are difficult to define 

and the results difficult to predict. In all cases 

the ability to learn from experience and deep 

behaviour analysis are essential.  

The companies that better implement such 

strategies, and which therefore stand out from 

the others in the capacity to carry out R&D 

activities within all sectors analyzed, are shown 

in Table 3.2. 
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Table 3.2. The eleven companies with higher classification 

Companies Dimension Classification 

BIAL – Portela & Cia., SA large 38 

CUF – Químicos Industriais / Anilina de Portugal large 34 

Petrogal, SA   large 31 

Corticeira Amorim large 30 

Tecnimede – Sociedade Tecnico-Medicinal, SA large 29 

Cipan – Companhia Industrial Produtora de Antibióticos, SA large 28 

CUF – Adubos de Portugal / Amoníaco de Portugal large 28 

Laboratório Medinfar – Produtos Farmacêuticos, SA large 28 

Soporcel, SA large 28 

Hovione – Farmaciência, SA large 26 

Simoldes Plásticos, Lda.  large 26 

 

Attention should be paid to BIAL - Portela & 

Cia. SA, of the Pharmaceutical sector, which 

excels the others for having obtained the 

highest ranking in the sum of all the criteria set 

out under this study. We can also see from 

Table 3.2 that five companies, out of the 

eleven “best performances”, belong to the 

Pharmaceutical sector. We also find 

represented in this “honours list” one company 

from each of the following sectors: Organic 

Products, Oil Refining, Wood Products, 

Fertilizers, Pulp and Paper, and Plastics. This 

means that from a total of twenty two sectors 

considered within the chemical and biological 

process industries, seven sectors are 

represented in the “top eleven company 

performers”. This certainly means also that 

these seven sectors are relatively powerful in 

Portugal in terms of R&D technological 

activities. 

 

4. Conclusions 

In the context of the facts and analysis 

included in this work, it is now clear that 

science and technology can not be 

independently promoted without a strategy of 

innovation business policy and that, moreover, 

business innovation determines and is 

determined by the market. According to the 

results of this investigation, companies in 

chemical and biological process industries 

have already made a considerable effort in the 

implementation and the use of innovation 

activities but there is a long way ahead if they 

truly want to compete in the globalized world 

market. The growing number of companies / 

business groups of this industry referenced by 

statistical agencies, such as GPEARI, shows 

the effort that different sectors have already 

achieved in the implementation of strategies of 

R&D. Although this industry still includes a 

large number of companies without any 

recourse to innovation activities, according to 

the criteria considered, the study leads us to 

conclude that, to a large extent, companies of 

chemical and biological process industries 

exhibit relevant innovation strategies and have 

increased their competitiveness through this 

factor. However, diagnoses made, still show a 

government structure with a very bureaucratic 

structure and proceedings, with some 

functional overlaps, yet little business oriented, 

with some deficits in terms of quality of service 

in order to encourage companies to make use 

of existing support programs. However, the 

absence of earlier specific studies in Portugal 

about the importance of R&D in all the 
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chemical and biological process industries may 

have caused some gaps in these conclusions. 

Hence, in future studies in this area, criteria 

that can directly relate high rates of R&D with 

the subsequent continued business success or 

with specific indicators, such as the successful 

market launch of new products, will be of great 

importance for a better understanding and 

analysis of how the industry promotes 

innovation and, specially, as it then takes 

advantage of it as a factor of competitiveness 

in the global market arena. 
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