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The second half of the 20th century was a period of rapid growth in Spain and of convergence with its European neighbors.
 This growth was accompanied by gradual, profound changes in the economic and entrepreneurial spheres, as well as the definite industrialization of the country. Moreover, the consolidation of the secondary sector occurred simultaneously with the development of the tertiary one. This paper deals precisely with a kind of service related to both phenomena that emerged in Spain since the 1950s: technical consulting. 

Technical consultancies, or as they are also known, engineering consulting or technical engineering services (TES), can be defined as service firms that apply the existing technical knowledge to the design of new processes and/or products according to their clients’ requirements. They are not in charge of basic research, but they adapt and implement it. Their main ‘raw material’ consists in their ability to transform invention into innovation. This ability relies heavily on ‘intellectual capital’ as well as the market perception about consulting services efficiency. The potential usefulness of technical consultancies, as a tool of knowledge-transfer across companies and across countries, appears evident. 

In recent years, scholars of different disciplines are paying greater attention to the development of service firms, such as banking, consultancies and advertisement. While most of these sectors already count with several studies, this is not the case for technical consultancies. Recent research on management consulting offers theoretical and methodological approaches that can be applied to the analysis of engineering firms.
 However, there is an important lack of empirical evidence about how they work in practice.
 Existing literature focuses on civil engineering (Linder, 1994) or on the recent evolution of the sector (Hartley, 2000; Kässi, 1997; OECD, 1990; Ministerio de Fomento, 1998).
 This is also true for the specific case of Spain, in spite of the debate that emerged in the 1970s among journalists and economists about TES activities in the country. These studies emphasized the increasing dependence on foreign technology of the Spanish firms as well as the role by some financial groups in the development of engineering consulting (Doblón, 1975; Egurbide, 1976; Molero, 1979). However, no empirical research was conducted. More recently, literature has paid attention only to civil engineering (Ministerio de Fomento, 1998) and TES trend on operations strategy (Aranda, 2001).

The objective of this paper is to offer an analysis of technical consultancy industry in Spain since the 1950s, when later than in other Western countries, the first companies began to operate. On one hand, the reconstruction of the companies operating in the sector is based on different surveys carried out by the Spanish administration and, on the other, information such as studies and annual reports from the main business association (Tecniberia).
 Obviously, neither all companies are registered in these surveys (they were not compulsories) nor all are members of the association. However, the largest and the most active firms in the foreign and domestic markets, and the ones that trace the evolution of the sector, are included. This data has been combined with diverse information about the most important companies that have operated in the Spanish market throughout the second half of the 20th century.

The paper is divided into five substantive sections. In the first one, the main features of  the technical consultancy industry, such as their working process, resources and results, are explained. Section two provides a brief summary on technical consulting history. Part three includes the analysis of Spanish technical consulting industry, providing both the sector’s general trends and specific information of the largest companies. Special emphasis is given to the decades 1950s - 1970s, when the main and more influential firms were established. Section four analyzes export activities of Spanish engineering firms to detect if they have followed a specific trend as a result of the intermediate economic position of the country. Finally, preliminary conclusions are offered.

1. Main features on technical consultancy

Technical consultancies can be defined as service firms that apply the existing technical knowledge to the design and development of new processes and/or products in order to perform investment projects in almost any kind of economic activity. Therefore, the main characteristic of these companies is that they are not in charge of research activities. By contrast, they deal with the application, according to their clients’ requirements, of the existing knowledge and techniques to ‘the specification, design, procurement, installation, commissioning and maintenance of variations upon the vast range of established processes and products’ (OECD, 1990). The output is constituted by advanced services as long as the client receives, but does not posses, a knowledge-intense innovative product based on high-value intangible assets. Engineering consulting acts as an intermediary between last technical advances and other companies, playing in that way a significant role within the innovation process as well as in knowledge transfer among firms and countries.
 As the OECD highlights: ‘Technical engineering services is thus not just a production aid but a sales aid and a purchase aid as well’ (OECD, 1990). As a result, the kind of services provided by these firms reflects the entrepreneurship’s technological needs of a given country, as well as the general situation of its industry. At the same time, consultancies are influenced by the economic and institutional frame (specific context) in which they carry out their activities (Kipping, 1999).

The services provided by the technical consultancy can cover each stage of the whole investment project, from the first architectural planning to the start-up of the new plant or infrastructure. That is basically the case of civil engineering and of turnkey projects, or factories which are given to the client ready for its immediate start. The consulting firm could also be in charge of designing variations on the existing facilities. In such cases, renewals or enlargements are often contracted to the same consultancy that conceived the existing plant or infrastructure.
 The firm in charge of the entire supervision usually subcontracts smaller ones for more specific activities, especially those related to construction facilities. The traditional sequence of tasks is the following: design the project and prepare the specifications according to certain technical requirements
, organize the bid to find the contractor/s for each part of the project, advise the client on the selection of the contractor/s and supervise the construction work. However, things do not always go in this way. The contractor could take on the complete turnkey project and subcontract, for instance, the services of the technical consulting firms. The actual trend consists on integrating any detail upon the entire supervision of the consultant, who operates under a multidisciplinary approach and with the active participation of the client (Project Management).

In economic terms, the output of technical consulting is a knowledge-intense innovative product based on high-value intangible assets. But, what is the input of an industry with these characteristics? In the case of management consulting, M. Kipping has identified three factors that can be applied to technical consultancies: intellectual, reputational and relational capital (Kipping, 1999). All of these refer to consultants’ ability to transform more abstract knowledge into a concrete product – solution – that the client perceives as the best one for the specific situation in which he decided to ask for the consulting services.
 The main ‘raw material’ of consulting firms is intellectual capital, which, according to different corporate studies, consist of human capital (employees’ competence, attitude and intellectual agility) and structural capital.
 Structural capital includes: relationships with customers, suppliers, alliance partners and other stakeholders, which facilitate the diffusion and acquisition of knowledge; organization, that is, elements applied in the day-to-day operations and that facilitate processing knowledge (corporate culture, information technology, management styles, sharing the projects across disciplines and across the company); and the renewal and development of new projects and/or patents. The aspects described allow firms to continuously incorporate, process and design knowledge, and, in the case of engineering firms, to constantly add new solutions to their catalogue of services according to technological evolution. In addition, the market has to appreciate the products developed and recognize them as reliable, since it is very difficult to come back to the previous situation once the consultant’s service has been implemented (for example, after the construction of a new plant or infrastructure). At this stage the reputation, or brand image, of the consultancy plays a key role (reputational capital), as well as the client contacts that the consulting firm had (relational capital). The last also facilitate firms adaptation to the specific context of the country where it operates. 

Since the early stages of the sector, engineering firms have tried to protect their rights, and give some guarantee of their services to their clients, through the creation of different associations that in some cases, like in Spain, have been accompanied by government’s registers of companies that fulfill certain guarantees. Although the latter have never been compulsory, and the main objective of the associations have been acting as a lobby that coped with the public sector –one of their main clients, particularly in civil engineering-, both can also be useful as guides for their potential clients. The first associations to be created, in accordance with technical consulting origins, were those among civil engineers. The pioneers were The Institution of Civil Engineers (ICE, established in Britain in 1818), the Société des ingénieurs civils de France (1848, France), and The American Society of Civil Engineers (ASCE, 1852, the United States). Later on, during the first decades of the 20th century, associations covering more activities, particularly to industry, emerged. In 1913 the International Federation of Consulting Engineers (FIDIC) was founded. When technical consultancies progressively spread among other countries, associations did as well. The next section briefly examines this expansion.

2. A brief history on technical consultancy

The origins of technical consultancies date from the middle of the 19th century as a result of the expansion of the first railway companies. As Chandler highlighted in his studies about modern enterprise, railway construction entailed organizing unprecedentedly large projects. This implied the recruitment and supervision of huge labor forces, and the organization of supplies on a large scale. At first, rail construction contracting was not separate from the tasks of the pioneering engineers. Soon the expansion of the new transport exceeded these experts’ capacity to supervise each aspect of the business on behalf of the owners. The increasing size and scope of the operations resulted in a division of labor between constructors and engineers, and the latter, began to work more specifically as consultants of the railway companies. British engineers seem to be the first engineer consultants, but this activity promptly spread among other countries, such as France, Germany and the United States.

In its beginnings, technical consultancy was synonymous of civil engineering, as this was its main field of activity. But since the last years of the 19th century, and above all the first of the 20th century, services given to industry began to rise. The increase was particularly intense during the interwar period due to the expansion of scientific management. This process took place first in the United States and, later, in some European countries, like Britain and France. Progressively two different engineering methods emerged. On one hand, the more-diffused British model, based on a self-taught, empirical, and inductive approach. On the other, the French one, which, at first constituted by independent British-alike consulting engineers, turned into a sector dominated by a high institutionalized education and, subsequently, by the engineers of the Corps of Mines (Linder, 1994; Henry, 2002). In addition,  French administration early regulated this activity and became an important client of local consulting, whereas free private enterprise dominated the British engineering. However, the situation in France changed a bit in the 1920s and 1930s, when some engineers, embracing Taylor’s ideas, started their own consultancies based on more empirical approaches.
 Both models had their own followers. The British approach dominated North European engineering firms, whereas in North America the French methods were much more spread.

From the foundation of the first technical consultancies to the middle of the 20th century, the sector was dominated by British firms, followed by those from Germany and France. Although the first ones became increasingly visible at the turn of the century, when major British engineering firms were constituted, all of them proliferated during this period working across the European colonial empires. By contrast, after World War Two US consultancies emerged as the leaders of the sector. According to Linder, although American companies had begun to gain positions since the end of 19th century, ‘Worldwide exploitation of petroleum resources beginning in the 1930s and far-flung military construction performed by US firms during WW II furnished the latter with the technology, capital, and private economic and state networks to occupy a privileged international position in the post-war years’ (Linder, 1994). In addition, the overseas activity of the American firms was promoted by US post-war economic and technical aid to less developed countries, as well as to Europe and Japan. For instance, the productivity missions to the United States, organized within the American technical assistance programs to Europe, proved to be an useful way of promoting American methods. As a result, American consultancies became an efficient tool to implement these methods.
 Meanwhile, this activity expanded in the European countries under an increasing specialization of the firms. Larger and long-established companies operated on a worldwide scale, whereas those smaller did in the domestic markets (Hartley, 2000; OECD, 1990). This growth was accompanied by an intensification of competition, both in domestic and foreign markets, particularly from American consultancies.

US first position in the international market began to erode in the 1970s in favor of the resurged European and Japanese companies. Furthermore, since the 1980s all of them have to face an increasing local competition in their main foreign markets – Middle East and Asia – due to a change in the kind of project demanded.
 The economic growth of these areas caused a shift from the traditional infrastructure project work to a demand for expertise in project management, project maintenance and human resources management and training (Hartley, 2000; OECD, 1990). While the new kind of demand continued being supplied by the foreign firms, local companies were increasingly able to carried out the most traditional engineering projects. The change of the policy of international organizations, from a major project approach to sustainable development emphasis, also contributed to this specialization process. However, the demand of high-tech industries has continued concentrated in the most developed countries. This situation has basically remained until nowadays. 

Table 1 shows the top technical consultancies that operate in international markets. As can be observed, American firms are still very influential in this sector.

Table 1. Top Global Design Firms by July 2004 

(according to their revenue)
	Rank
	Firm
	Country
	Type of Firm

	1
	URS
	U.S.A.
	Engineer, architect, contractor

	2
	SNC-Lavalin International Inc.
	Canada
	Engineer-contractor

	3
	Fluor Corp.
	U.S.A.
	Engineer-contractor

	4
	Jacobs
	U.S.A.
	Engineer, architect, contractor

	5
	AECOM Technology Corp.
	U.S.A.
	Engineer, architect

	6
	Bechtel
	U.S.A.
	Engineer-contractor

	7
	Atkins
	United Kingdom
	Engineer, architect

	8
	Parsons
	U.S.A.
	Engineer-contractor

	9
	CH2M Hill Cos. Ltd.
	U.S.A.
	Engineer, architect, contractor

	10
	KBR
	U.S.A.
	Engineer

	SOURCE: Engineering News-Record (2004) and own elaboration.


3. The evolution of technical consultancy in Spain

Technical consulting in Spain developed later than in other European and North American countries. Although some companies had already been founded, especially those in mining and ground exploration, it was not until the 1950s that this activity began to be known and some foreign companies started operating in the country. According to some literature, the economic and technical agreements signed between Spain and the United States in 1953 promoted the development of the sector (Doblón, 1975; Egurbide, 1976). The construction of US military bases in the country, which was the counterpart of those agreements, entailed the organization of a complex engineering program. This program, although coordinated by American engineers and consultants, was conducted by local companies. While the scope of this experience as a technological transfer instrument is not easy to quantify, the truth is that the Spanish subcontractors received engineering training from the foreign consultants. This training meant a great opportunity for the Spanish firms to familiarize with more modern American methods (Cámara de Comercio Americana en España, 1957). However, in spite of the push given by the construction of the bases, technical consultancies, like other service firms such as management consultancy and advertisement, did not proliferate in Spain until the 1960s. Since then, they have followed an upward trend in terms of revenues and the number of companies operating. This expansion is the result of the economic growth and the definite industrialization of the country. 

Throughout the period studied, technical consulting evolution has been characterized in Spain by two aspects: the low level of specialization of consulting engineering firms and the significant role, both as mentor and client, played by the state. The first one refers to the diversity of works undertaken by most Spanish firms, in spite of their relative small size. Consultancies usually operate in various fields of activity. Civil engineering is the most important one, followed by industry, energy, and, more recently, environmental engineering. These facts can be observed in Table 2. If we focus on larger companies, they have specialized in certain services and have promoted long-term relations with a great part of their clients in those fields.
 

Table 2. Spanish technical consultancies by field of activity

(companies that exclusively work in this field)

	Year
	Total
	Mining and ground studies
	Agriculture
	Energy
	Industry
	Chemicals
	Civil engineering
	Environmental engineering

	1977
	161
	50
	41
	50
	64
	45
	100
	13

	
	
	(4)
	(4)
	(3)
	(2)
	(1)
	(9)
	(2)

	1986
	186
	69
	28
	55
	71
	25
	109
	46

	
	
	(13)
	(1)
	(7)
	(7)
	(1)
	(13)
	(3)

	1996
	441
	236
	130
	102
	76
	63
	316
	218

	
	
	(29)
	(1)
	(6)
	(2)
	(2)
	(31)
	(9)

	SOURCE: Ministerio de Industria y Energía (1978), (1986) y (1996).


The significance of the Spanish administration’s role mentioned above has been highlighted before in some studies about management consulting.
 In the case of engineering services, the public sector has promoted them through two different ways: supporting different initiatives to facilitate technical consulting expansion and being one of its main clients. The latter was particularly relevant from the 1950s to the 1970s, when the state and public corporations, with the aim of fostering Spanish modernization, carried out several important projects which required large engineering services. The weight of the public sector in the demand of technical consulting, especially in civil engineering services, is still significant today.
 The Spanish administration has also promoted the expansion of consulting engineering through different initiatives. The two most important are the creation of the registers of consulting firms that fulfill certain requisites and the financial support to the business associations of the sector (particularly to Tecniberia). Concerning the registers, whose objectives were serving as a catalogue for potential clients and a way to guarantee reliable consultancies, the first one dates from the 1950s. It was developed by the Spanish agency in charge of organizing the US technical assistance program (the Comisión Nacional de Productividad Industrial, CNPI).
 However, it was not until the 1970s that it began to include a significant number of companies and more detailed information about their activities. 

In reference to the business associations of the sector, the Spanish administration supported the creation, though later than in other European countries, of the main one, Tecniberia. The origins of this association, the most important one nowadays, dated from the foundation of the public engineering firm EDES (Tecniberia Annual Report 1964-65). This firm attempted to promote consulting services overseas at the same time it operated in the Spanish market. In order to facilitate its objective, EDES associated with the main companies in the sector to create, under the support of the Spanish government, Tecniberia. Conceptualized first as a “Spanish” association and initially formed by 10 companies, soon the main consultancies, both local and foreign, joined the association.
 Moreover, it has progressively absorbed other similar institutions. Their objectives have also been changing. While promoting exporting activities was the main one during its first years, coping with the public sector, as well as training activities, prevail nowadays.
 

Establishing the bases for the future development (1950s-1970s)
Between the 1950s and 1970s the characteristics of the future evolution of the sector were established. The number of firms operating was less than in later years, but the main Spanish and foreign technical consultancies were constituted.
 Due primarily to government and public corporations’ demand, there was a significant rise in the number of projects contracted during these years, particularly since the 1960s. This expansion continued in the 1970s. For instance, the revenues of the sector in 1975 only represented 25% of those in 1980.
 The major fields of activity were constituted by civil, energy and chemical engineering. Most projects were related to infrastructures (dams, railroads and motorways), nuclear plants, fertilizers and petroleum refineries. Two relevant aspects characterized the Spanish sector during this period: the development of the ‘In-house Engineering’, above all from the late 1950s to the 1960s; and the establishment of larger consulting multinationals in the country since the 1960s. 

The ‘In-house Engineering’ consists of the foundation in industrial and financial groups of their own consultancies in order to provide technical services to the rest of the firms of the group (although the consultancies work afterwards for other firms too). This strategy allows engineering firms to increase their reputational and relational capital.
 In addition, the demand of the rest of the companies of the group facilitates the consolidation of the technical consulting firms. Today there is an increasing trend to externalize these activities, but until very recently in-house engineering has been an usual corporate policy in Spain, overall in construction and electrical firms. This fact has been facilitated by the relevance of certain industrial and financial groups within the Spanish entrepreneurship, particularly from the end of World War Two until the integration of Spain in the European Market. Several examples of in-house engineering can be found throughout these decades. For instance, this was the case of Altos Hornos Ingenieros Consultores (AHINCO). This firm was founded in 1972 when two important companies of the iron and steel industry (Altos Hornos de Vizcaya and Altos Hornos del Mediterráneo) obtained an attractive contract from the government to run a new plant, under the condition that engineering activities were carried out by a Spanish firm. Instead of contracting the engineering services in the market, they decided to create their own consultancy. For their purpose they counted with the technical support of the American firm US Engineers and Consultants.
 Something similar is the case of INTECSA, founded in 1965 by a large local construction firm (Dragados) in association with an important bank (Banco Central).
 Other examples with a more significant impact over the whole sector were the technical consultancies created by the INI and the Urquijo groups. The first one, constituted around the public holding INI (Instituto Nacional de Industria, National Institute of Industry), included the companies Empresa Nacional Adaro de Investigaciones Mineras (1942), Auxini Ingeniería Española (Auxiesa, 1966), the Auxiesa branch Snam-Auxini (with a minority participation of the Italian Snam Progetti, 1969) and Empresa de Estudios y Proyectos Técnicos (EDES, 1964). Both Auxiesa and EDES, as well as EDES branch Ingeniería de Plantas Químicas e Industriales (IPQ), merged in 1976 forming (INITEC). Their main clients have been public corporations, particularly in mining, electrical distribution and infrastructures. 

The Urquijo group’s interests in technical consulting were even more widely spread. The first companies founded with its financial support were Estudios y Proyectos Técnicos Industriales S.A. (EPTISA, 1956) and Estudios y Proyectos Eléctricos S.A. (EPESA, 1956). Both specialized in electrical and civil engineering consulting. As clearly indicated in the first Annual Report of EPTISA, its main objective was to operate in the service of the financial group that constituted the company and of ‘the industrial enterprises which we are joined with by fraternal networks’.
 To better develop this objective, EPTISA created Tecnatom in 1957, one of the main consultancies since its constitution in nuclear energy engineering.
 Most of the companies related to the group worked in electricity and chemicals. In order to increase the knowledge assets in the last sector, EPTISA and EPESA associated in 1960 with the American consultant The Lummus Co. to constitute the Spanish branch of the US firm (Lummus Española S.A., LESA).
 The new firm operated, in addition to the rest of the companies of the group, for the Spanish government and for several American multinationals settled in the country at that time. A few years later, the Urquijo group created Técnicas Reunidas (TR, 1966), which in 1972 merged with LESA preserving its name and maintaining the technical assistance of the American firm.
 Both had participations in other consultancies, such as Técnicas Siderúrgicas (SIDETECNICA, 1963) in the iron and steel sector, and Española de Investigación y Desarrollo (ESPINDESA, 1969) in chemicals.
 Técnicas Reunidas expanded its activities afterwards, and even nowadays is one of the first companies in the sector.

Since the 1960s, different consulting multinationals, particularly American, have had an increasing presence in the emerging Spanish market. Working with foreign companies was an important tool to acquire new methods and techniques for the local entrepreneurs. For that reason, agreements between Spanish and foreign technical consultancies, which were very often signed only for specific projects and/or fields of activity, became of great relevance. That was the case of the Spanish firm Sener, which worked with the American Foster Wheeler and Mckee in the construction of several petroleum refineries; Auxiesa, which carried out several projects for restructuring public mining firms under the assistance of the French firm Societé Française d’Études et de Réalisations Minières (Sofremines); and EPTISA and TR, which in 1971 decided to operated together with the American firm Gibbs & Hill in nuclear energy projects.
 However, some multinationals established longer partnerships with Spanish firms as a strategy to enter the market. That was the case of The Lummus Co. and Técnicas Reunidas referred above. Other examples are: Heredia y Moreno and the American firm Procon, which founded HEYMO in 1964;
 HEYMO and the French Société Nationale de l’Electricité et du Gaz (Sonelgaz), which constituted in 1973 the Algerian firm Serig; and Gibbs & Hill, which associated in 1963 with a relevant electric firm and a powerful bank (Hidroeléctrica and Banesto) to create its Spanish branch.
 Other foreign companies have established their own branches in the Spanish market since the 1960s. For example, the American company Foster Wheeler, which had been operating in Spain since 1950 through its French branch, in 1965 constituted Foster Wheeler Iberia; Isodel-Sprecher, along with Compagnie Generale d’Entreprises Electriques (CGEE), founded ISOTEC in 1967; the Erhardt Group formed in 1961 ERPO; Gibbs & Hill established its Spanish Brach (GHESA) in 1963; and Procon created Procon Ibérica in 1964.
 Nevertheless, this last strategy has not been the usual way of entry into the Spanish market. By 1986, less than 11.5% of the companies registered by the Spanish administration had a majority percentage of foreign capital (Ministerio de Industria y Energía, 1986). For the members of Tecniberia, an association that includes the largest companies, that figure rose only to 20%.

Table 3 summarizes the main groups and foreign companies referred above. Other important companies founded during the first decades of this sector in Spain are also included. Most of them  are still in the first positions of the sector.

Table 3. Main technical consultancies in the Spanish market, 1950s-1970s

	Main firms
	Foundation date
	Main shareholders
	Specialization
	Main technological partners

	Adaro

Auxiesa

Snam-Auxini

EDES

IPQ

INITEC
	1942

1966

1969

1964

1975

1976
	INI Group
	Mining and ground explorations

Civil engineering

Electrical engineering
	Various

Sofremines

	EPTISA

EPESA

TECNATOM

TR (LESA)

SIDETÉCNICA

ESPINDESA
	1956

1956

1957

1960

1963

1969
	Urquijo Group
	Civil engineering

Electrical engineering

Nuclear energy

Chemicals

Iron and steel
	Various

Lummus Co.



	HEYMO

SERIG
	1964

1973
	Spanish engineers
	Civil engineering
	Procon

Sonelgaz

	GHESA
	1963
	Hidroeléctrica

Banesto

Gibbs & Hill
	
	Gibbs & Hill

	AHINCO
	1972
	Altos Hornos de Vizcaya

Altos Hornos del Mediterráneo
	Iron and steel
	Various

	INTECSA
	1965
	Dragados

Banco Central

Krupp
	
	Various

	Foster Wheeler Iberia
	1965
	
	Chemicals
	Foster Wheeler

	ISOTEC
	1967
	Isodel – Sprecher

CGEE
	
	Isodel – Sprecher

CGEE

	McKee Ibérica
	1968
	Arthur McKee

Banesto
	
	Arthur McKee

	ERPO
	1961
	Isodel – Sprecher

CGEE
	
	Isodel – Sprecher

CGEE

	Procon Ibérica
	1964
	Isodel – Sprecher

CGEE
	
	Isodel – Sprecher

CGEE

	Sener
	1956
	Spanish engineers
	Naval engineering

Aeronautics
	Various

Foster Wheeler

	Abengoa

Elecnor
	1941

1958
	J. Benjumea
	Electrical engineering

Industrial engineering

Civil engineering
	Various

	IDOM
	1957
	Spanish engineers
	Civil engineering

Industrial engineering
	Various

	SOURCES: See text. In addition, AHINI, Box 2438, File 3984; Egurbide (1976); Abengoa Annual Reports (1944-1977); Sendagorta (1994); Fomento de la Producción (2003), and companies’ websites.


The recent performance of the sector

As it has been highlighted, the 1950s through the 1970s was a period of expansion for technical consulting in Spain and a time when the larger companies were settled. However, the  last years of the 1970s and the first of the new decade were not so good for the engineering firms. In fact, sales fell more than 34% between 1981 and 1984 due to the end of the big projects carried out the previous years (Ministerio de Industria y Energía, 1986). It would be in the mid-1980s that the public sector’s demand of infrastructure projects, especially in motorway and railway construction, facilitated the recovery of the sector. However, this recovery mainly benefited civil engineering. The preparations of the future Olympics in Barcelona and the International Exposition in Seville in 1992 had great influence on this expansion.
 Meanwhile, industrial and energy engineering had to cope with a decrease in activities for a few years more as their main projects (nuclear stations, fertilizer plants and petroleum refineries) had been finished and the new contracts usually implied only modifications of previous plants.
 At the same time, a new kind of services appeared: environmental engineering. This field has proliferated since then due to the increasing European regulations in this respect. Finally, during the 1990s, technical consultancies generally continued its expansion, in the Spanish market as well as in other countries, as the next section shows. Estimations for the future are diverse. There are some competitive Spanish consultancies in hi-tech fields like aeronautics and aerospace industry. Civil engineering expansion gets through a concentration on core competences and of companies, as the small size of most companies and their low specialization represent an obstacle to adopt larger staff, new technologies and broader approaches to better fulfill market demands (Ministerio de Fomento, 1998). Payments derived from technological services surpass revenue even today (Ministerio de Industria y Energía, 1996). However, there are several firms in all fields of activity that seem to be competitive enough to maintain their positions, at least in the Spanish and less developed countries’ markets. They are included in Table 4, which shows top technical consultancies in Spain today. As can be observed, a significant proportion of them were established in the first decades of the second half of the 20th century.

Table 4. Larger technical consultancies in Spain according to their revenues, 2002

	Company
	Foundation date
	Field of activity
	Main share

holders
	Overseas markets

	Gamesa Corporación Tecnológica
	1976
	Aeronautics Renewable energy
	BBVA, Iberdrola,

Nefinsa
	Europe, US, Asia, Latin America

	Elecnor
	1958
	Electricity

Energy

Environment

Telecommunications

Civil engineering
	Abengoa,

Cantiles XXI
	Middle East, Eastern Europe, Africa, Latin America, US, Asia

	Técnicas Reunidas
	1962
	Energy

Chemicals

Environment

Civil engineering
	BBVA,

BSCH
	Middle East, Eastern Europe, Africa, Latin America, Asia

	Mantenimiento y Montajes Industriales (Grupo MASA)
	1976
	Industry

Energy

Chemicals
	Dragados Group
	Argentina, Portugal

	Iberdrola Ingeniería y Consultoría
	1994
	Energy

Environment

Telecommunications
	GHESA,

Iberdrola


	Latin America, Eastern Europe

	IDOM
	1957
	Industry

Energy

Environment

Telecommunications Civil engineering
	Staff
	Europe, Latin America, Morocco, Rumania

	Intecsa UDHE Industrial
	1965
	Industry

Energy

Environment
	Dragados Group, Thyssen Krupp
	Latin America, China, Morocco, Argelia

	Ingelectric Team
	1974
	Electricity

Renewable energy
	Ingeteam Group
	Latin America, Middle East, Europe, Asia

	Proyectos e Instalaciones Desalación (PRIDESA)
	1975
	Water treatment
	Banco Herrero, BBVA, SCH, RWE Group
	Latin America, Portugal, Italy, Morocco, China, Middle East

	Foster Wheeler Iberia
	1965
	Chemicals

Energy

Environment
	Foster Wheeler International
	Latin America, Asia, Eastern Europe


SOURCE: Fomento de la Producción (2003) and own elaboration.

Finally, the evolution of the technical consulting sector in Spain since the 1950s is synthesized in Table 5.

Table  5. The evolution of technical consulting in Spain 
since the 1950s

	Period
	Main projects
	Engineering activities developed
	Special features

	1940s-50s
	Mining and ground exploration

Dams
	Mining engineering

Hydraulic engineering

Electrical engineering
	First Spanish companies

+

In-house engineering

	1960s-70s
	Dams

Road infrastructures

Toll-paying motorways

Nuclear energy

Petroleum refineries

Chemical industry
	Hydraulic engineering

Civil engineering

Nuclear engineering

Electrical engineering

Chemical engineering
	In-house engineering

+

Multinationals

	1980s-90s
	Motorway and railway infrastructures

High-speed train

Environmental certifications
	Civil engineering

Railway engineering

Environmental engineering
	Environmental regulations

	1990s
	Airport development

Aerial research
	Airport engineering

Aerial navigation
	Project Management

	SOURCE: Bueno (2002), Cal Pardo (2002) and own elaboration.


4.exports and internalization of Spanish technical consulting

The most important Spanish technical consultancies began to operate abroad from the very beginning of their constitution. Promoting the export of engineering services was, in fact, the main reason to found Tecniberia in 1964. This institution immediately became the most relevant and dynamic entrepreneurial association of the sector. In order to reach its objective, Tecniberia followed three strategies: organizing technical missions to different countries, usually less developed ones; acting as a lobby in international organizations in order to achieve their contracts
; and organizing trade fairs, conferences, studies and technical exchanges with other countries.
 The results were quite successful: from 1966 to 1972, Tecniberia members signed 112 contracts for a total value of 29.96 million US dollars (Cós Castillo, 1987). These contracts were basically carried out in Latin America and Africa, especially in Brazil (30 contracts), Algeria (24) and Argentina (8). 

As the largest technical consultancies were members of Tecniberia, the previous figures present quite a complete picture of the export activities of the Spanish firms. More exhaustive data is available for the following decades, when Spanish Government began to periodically collect information about the activities of Spanish engineering firms. Its surveys, which are based on questionnaires completed by companies, proportionate data for 1977, 1986 and 1996. The two latter include an exhaustive list of the projects carried out abroad along the five previous years. Obviously, not all companies are registered in these surveys. However, the largest and the most active in the foreign and domestic markets are included.

Table 6. Export activities of Spanish technical consultancies, 1977

	Field of activity
	Percentage of total

worked hours

	Mining and ground studies
	6,74

	Agronomy
	7,26

	Energy
	1,33

	Industry
	22,74

	Chemicals
	11,11

	Civil engineering
	19,78

	Environmental engineering
	0,00

	Not specified
	31,04

	SOURCE: Ministerio de Industria y Energía (1978) and own elaboration.


In the late 1970s, as Table 6 shows, most of the projects developed abroad by Spanish technical consultancies were related to industry, civil engineering and chemicals. The main projects dealt with traditional manufacturing industry, building, railway transportation and chemicals not related to petroleum industry. The government’s survey does not include information about the main companies involved in these projects, but again Tecniberia Records give some clues. Among their members, the main exporters of these services were EDES, EPTISA, INTECSA, CONSULPRESA, HEYMO, Sener and TYPSA (Tecniberia Annual Report, 1978).

Table 7. Export activities of Spanish technical consultancies, 1986

(number of contracts by sector and geographic area of execution)

	Sector
	Western

Europe
	Eastern

Europe
	North

America
	Latin

America
	Middle

East
	Asia
	Africa
	Total
	Main

Companies

	Mining and ground studies
	1
	-
	-
	14
	-
	-
	4
	19
	INYPSA

INTECSA

 INITEC

	Agriculture
	-
	-
	-
	5
	5
	-
	6
	16
	ANTHOS  INYPSA INTECSA

	Energy
	3
	-
	4
	21
	1
	6
	2
	37
	INITEC

 Sereland

 EPTISA

	Industry
	-
	-
	1
	28
	3
	3
	13
	48
	Sereland

 IDOM

 Centunión INITEC

	Chemicals
	-
	-
	-
	6
	6
	5
	4
	21
	INTECSA

 INCRO

Técnicas Reunidas

	Civil engineering*
	5
	1
	3
	57
	14
	3
	26
	109
	INTECSA

 INITEC

INYPSA

TYPSA

	Environmental engineering
	2
	-
	-
	2
	-
	-
	1
	5
	Tecnoambiente

	All groups
	11
	1
	8
	133
	29
	17
	56
	255
	


* Includes tourism facilities. Tourism has an specific section in the surveys used in this study, but the projects included usually refer to market studies. For this reason this sector has been excluded this kind of, which are considered here as part of management consultancies’ activities, than to engineering activities.

SOURCE: Ministerio de Industria y Energía (1986)

As seen in Table 7, Latin America had consolidated as the first foreign market for Spanish technical consultancies by 1986, followed by Africa (Morocco and Algeria above all), the Middle East and Asia (Philippines and Indonesia). Civil engineering counted for more than 40% of the total projects performed, particularly those of transportation and dams, which were carried out mainly in Latin America. In architectural activities, however, most of the buildings were constructed in the Middle East, above all in Saudi Arabia and carried out by a single firm (TYPSA). Industrial engineering and energy occupy the second and third position respectively in contracts executed. In both industrial engineering and energy Latin America was the main importer of the Spanish services, but, in the latter, Asia, not Africa, emerged as the second foreign market. A deeper analysis of these figures shows that, in some cases, foreign demand is even more concentrated both sectorially and geographically. Most industrial plants, for instance, were cement ones, and were mainly built in Latin America and Africa by two companies (Sereland and Centunión). The small number of executed projects in the iron and steel industry were indeed carried out by one firm (IDOM). In the energy field, hydro and thermoelectric contracts, as well as those of petroleum transportation, were performed primarily in Latin America, refinery construction in Asia (Indonesia) and nuclear energy in North America (United States). More than 75% of the chemical projects were related to fertilizers, in different less-developed countries and always by the same technical consultancies (INCRO, INTECSA, ESPINDESA and Técnicas Reunidas).

Table 8. Export activities of Spanish technical consultancies, 1996

(number of contracts by sector and geographic area of execution)

	Sector
	Western

Europe
	Eastern

Europe
	North

America
	Latin

America
	Middle

East
	Asia
	Africa
	IAEA
	Total
	Main companies

	Mining and ground studies
	7
	3
	1
	12
	1
	1
	3
	
	28
	IDOM, ERPO, Asociación de Investigación y Desarrollo Industrial de Recursos Naturales, International Geophysical Technology

	Agriculture
	
	1
	
	6
	
	
	7
	
	14
	NOVOTECNI, EPTISA, INYPSA

	Energy
	39
	31
	11
	48
	1
	6
	9
	11
	156
	TECNATOM, INITEC, Foster Wheeler Iberia, Unión Fenosa Ingeniería, IDOM, Sener

	Industry
	36
	8
	
	6
	
	17
	5
	
	72
	GMV, Sener, HEYMO, EXEL

	Chemicals
	1
	1
	
	2
	
	3
	2
	
	9
	INTECSA UDHE Industrial, Española de Investigación y Desarrollo, Foster Wheeler Iberia

	Civil engineering
	83
	44
	12
	74
	2
	27
	26
	
	268
	TIFSA, IDOM, IBERINSA, ITSEMAP,  TYPSA

	Environmental engineering
	27
	2
	1
	8
	4
	
	2
	
	44
	QUANTISCI, Tractament i Eliminacio de Residus

	All groups
	193
	90
	25
	156
	8
	54
	54
	11
	591
	

	NOTES: 

                IAEA: International Atomic Energy Agency.

SOURCE: Ministerio de Industria y Energía (1996).


Two issues emerge from the study of more recent export activities of Spanish technical consultancies, as can be noted from table 8. First, there was an increase in their overseas clients. The projects carried out abroad more than doubled in ten years. Second, the rise of new markets, most notably Europe and China, have caused the relative retrocession of the traditional ones (Latin America and Africa). By fields of activity, civil engineering maintains its dominate position, followed again by industrial engineering and energy. We also see environmental projects, which hardly existed in the 1980s, rise strongly at that time. Obviously, big data hides important details that are worth analyzing in depth. For instance, while projects in nuclear energy and aeronautics, as well as industrial plants for the auto industry, are carried out in Europe, the hydroelectric power, the petroleum refineries and gas-distribution infrastructure are built in Latin America. Also, fertilizer and petrochemical facilities are designed primarily for China. Some specialization can be found among technical consultancies. The more striking examples are the petroleum refinery construction, where Foster Wheeler Iberia seems to dominate the market; nuclear energy (Tecnatom); naval industry (Sener); and aerospace industry (GMV and Sener).

5. Conclusion

Technical consulting developed in Spain later than other European countries. The expansion of the sector did not occur until the second half of the 20th century, when the economic and entrepreneurial modernization of the country took place. Since the very beginnings of this expansion, local firms, and certain business and financial groups, have played a predominant role in Spanish engineering consulting. However, the technological dependence of the country has made partnerships and agreements with foreign firms a common factor in larger Spanish consultancies. Above all, American multinationals benefited from these arrangements, but there were other European firms with significant influence in the Spanish market, particularly the French ones.

Applying Engwall and Kipping’s framework (Engwall and Kipping, 2002), the study of the organization of Spanish engineering consulting industry shows that the interaction among firms has gone beyond competition. The small dimension of most Spanish firms, as well as the limited size of the domestic market, have facilitated cooperation among companies when they have had to conduct complex projects, cope with the administration and gain international bids. This need to cooperate has facilitated the associationism in the sector. At the same time, it has helped to guarantee the quality of the services developed, as certain requisites were required to be inscribed in the main associations.

As their foreign competitors, Spanish engineering consultancies soon internationalized. The first overseas markets where Spanish firms operated were Latin America and the North of Africa. Asia, particularly China, and Eastern Europe have increased their participation in Spanish firms’ exports of services since the 1980s. The analysis of the projects carried out abroad shows that certain fields, in high demand in the Spanish market during the 1960s and 1970s, such as fertilizers, hydroelectric energy and petroleum refineries, are today the ones which Spanish engineering consultancies most often implement in less developed countries. This means that Spanish firms can be conducting projects of intermediate technological complexity, according to the technological intermediate position of the country and the experience they achieved in their first years of operation through foreign assistance. However, at the same time some Spanish consultancies are carrying out high-tech projects in different, very competitive European countries. This could reflect that they have been able to develop their own way of managing knowledge also in more complex works, according to the demand from more advanced economies. Nevertheless, only a future deeper analysis based on a company and project-level approach will give clues about that, and, in general, about how knowledge could have been designed from a peripheral country during the recent increasing process of globalization.
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� A background on management consulting literature and a proposed framework for consulting industry in general, in Engwall and Kipping (2002). For the specific case of Spain, Kipping and Puig (2003a) y (2003b), and Amorin (1999).


� Odile Henry’s studies about the sector in France constitute an exception. A brief summary in Henry (2002).


� Some of these studies give some clues about the origins of this kind of services and the general trend of the sector.


� Ministerio de Industria y Energía (1978), (1986) and (1996). Since the 1950s there have been different business associations in this sector, but the main ones (which operated along the country) have been progressively absorbed by Tecniberia.


� Obviously,  a better understanding of these issues needs of a deeper - firm and project level - analysis.


� According to the projects carried out by its larger engineering firms, this is the case of the Spanish market. Professionals of this sector also point out this fact. 


� Usually the client buy first a license to exploit a process and afterwards seek the most appropriate technical consultancy to put the license into practice. But it can also happen that a specific engineering consultancy has the right to use the license the client is looking for. 


� Noticias de la ingeniería (2004), No. 0; Ministerio de Fomento (1998). Project Management is based on a multidisciplinary approach and organization of the engineering service. That could explain why business administration studies are increasingly important among engineering education and practice. Gento et. al. (2003).


� Other authors apply the term ‘symbolic capital’ to emphasize how this capital permits consultants’ decisions to be respected, and be considered universal, by the market. Henry (2002). 


� The concept of ‘Intellectual capital’ appeared on the business scene in the 1990s, although its origins dated from a decade earlier, when managers, academics and consultants began to emphasized the importance of intangible assets in corporate and economic growth. Sullivan (2000). Similar definitions of intellectual capital are given by the existing literature. In Brooking (1997) four similar kind of assets are attributed to intellectual capital: market assets, human-centred assets, intellectual property assets and infrastructure assets. Here it has been used, although not strictly, the definition of Roos et. al. (1998) . About the increasing use of this term among engineering firms, Hartley (2000).


� There is little literature about the origins of technical consultancies. References can be found in Hartley (2000) and Linder (1994). A complete and brief reconstruction of the French sector in Henry (2002). The British pioneering engineers, the first to initiate the task-separation process described, were George and Robert Stephenson, Joseph Locke, Charles Vignoles, Isambard Kingdom Brunel and John Hawkshaw. Linder (1994).


� These engineers received heavy critics from the older engineers. According to the latter’s point of view, they were depreciating Taylor doctrine. In addition, the older consultants, who usually worked as internal employees of the firms, stigmatised the newer ones, who were external advisors, as ‘commercial’. Henry (2002).


� Hartley (2000). This aspect needs of a deeper study. However, it is worthy to note that, after Taylor, major scientific management pioneers, such as Bedaux or C.B. Thompson, were French. About scientific management pioneers, Guillén (1994) and Kipping (1999).


� For example in France and Spain. Henry (2002), Kipping and Puig (2003b). In France, the increasing competence of American, and in general Anglo-American, consultancies facilitated the shift from individual engineers to large engineering firms since the 1950s. Henry (2002). As it is described in next section, something similar took place in the Spanish case.


� By 1996, from a total of 3,765 companies engaged in worldwide contracts (taking into account only those operating in unless 35 projects), almost 50% of them were working in Europe and North America, 20% in Asia and 12% in the Middle East. Considering only less developed countries, the corresponding percentages for the two latter are 37 and 23%. OECD (1990)


� Especially during the 1960s and 1970s, as the study of the main companies annual reports reflect. In the case of management consultants, Amorin detects an increasing trend to focus in a small number of clients who are provided of all their consulting services needs by the same company. Amorin (1999).


� In management consultancy, Kipping and Puig (2003a) and (2003b). These authors point out three more factors that have shaped consulting evolution and that are applicable also for engineering firms: the influence of some business groups, the Spanish technological dependence from other countries (which explained the early associationism with foreign companies described previously) and the limited number of large firms, that in the engineering case has been equilibrated by the administration’s demand.


� In fact, the companies consider this high dependency from the state demand as a weakness. Noticias de la ingeniería (2004), No. 0. By 1998, 55% of civil engineering demand came from the public sector. This percentage was the same in Norway; similar in Germany, Italy, the United States, Denmark and the Netherlands (with a 50%); and significantly lower in Britain and Canada (40%). Ministerio de Fomento (1998).


� Most companies inscribed, according to the main interests of CNPI studies, were, however, management firms. Kipping and Puig (2003b).


� The companies that found Tecniberia along with EDES were Centro de Estudios Hidrográficos, Consultores de Presas y Aprovechamientos Hidráulicos, EPTISA, Sener y Torán. Before the first General Assembly, other companies had already inscribed (CAL, HEYMO, Instituto Eduardo Torroja de la Construcción  del Cemento, Tecnatón y Tecnitec). In the first months after its constitution, it was admitted AEPO, Auxiesa, Cibecesa, Ibérica de Proyectos Técnicos, ICSA, INTECSA, OTEP, Sociedad de Investigación Económica y LESA. Tecniberia Annual Report (1964-65). At first, only Spanish firms were allowed to be members, but soon this was reconsidered. Tecniberia Records of the Board of Directors (7/10/64, 28/10/64).


� Cós Castillo (1987) and interview with Alberto Martinez, public relations of Tecniberia.


� By 1996, almost the 45% of the operating engineering firms had been constituted in the 1980s, 17% between 1990 and 1996, more than 18% in the 1970s, 12% in the 1960s and only around 3% before 1959. Ministerio de Industria y de Energía (1996) and own elaboration. These figures take into account only the firms that were operating by 1996 and completed the survey of the Ministry. Nonetheless, the larger companies are included.


� Ministerio de Industria y Energía (1978) and (1986).


� The importance of having contacts, in the administration and in the private sector, to consolidate in the market is recognized by the professionals of the sector. See, for example, president of Tecniberia’s words in Noticias de la ingeniería (2004), No. 0, p. 8.


� AGA, Industria, Box 5195, File 1753-SM-1.


� Egurbide (1976). Actually Intecsa-Inarsa and Intecsa-UHDE Industrial. The last one is associated with the German firm Thyssen Krupp. 


� EPTISA Annual Report (1956). The industrial enterprises referred were mainly electrical ones (OCISA, Unión Eléctrica Madrileña and Industrias Aragonesas). They provided EPTISA with capital and technicians. In the 1970s, the clients of EPTISA within the group had been increased. New ones were, among others, Río Tinto Patiño, EFYC S.A., EIASA, UESA, Unión Explosivos Río Tinto, Vallehermoso S.A., Laparanza S.A., Cementos Hispania, Compañía Andaluza de Minas and Cibecesa. EPTISA Annual Reports (1971) and (1975).


� Other less-known companies in whose capital EPTISA participated was Centro Ibérico de Cálculo Electrónico (1971), Auxiliar de Ingeniería (ADISA, 1970) and the Brazilian OESA (1971). EPTISA Annual Reports (1956-1977).


� 50% of the capital was provided by EPTISA and EPESA, and the other 50% by The Lummus Co. EPTISA Annual Report (1959).


� LESA Annual Report (1971) and TR Annual Report (1972). Previously to the merger, the Urquijo group, through the businessman Juan Lladó, had bought to The Lummus Co. its participation in LESA.


� By 1977, the number of companies in which TR participated had increased. New firms, apart from international and distribution branchs, were Termotécnica, Layar S.A., Investigación Química Industrial, Biotécnica, and Agrupación Temporal MQN-TR. All were concentrated on chemicals. TR Annual Report (1977).


� Most of these contracts took place in 1969, but there are several examples particularly for the 1960s. AGA, Industria, Box 5230, File 1084-EC; AGA, Industria, Box 5226, File 1051-QC-1; EPTISA Annual Report (1971). Sofremines, as well as other Sociétés Françaises d’Études, participated in different projects financed by the Spanish government to modernise the industrial sector. Sánchez (outcoming).


� 24% of HEYMO capital was apported by Procon.


� Heredia y Moreno (1973), Egurbide (1976). 


� AGA, Industria, Box 5196, File 1823-E; AGA, Industria, Box 5217, File 951-QC; AGA, Industria, Box 5226, File 1051-SGT-2; Foster Wheeler Iberia (2004); Egurbide (1976).


� Tecniberia Annual Report (1987).


� Ministerio de Fomento (1998); Tecniberia, Annual Report (1987). The preparations of the future Olympics at Barcelona and the International Exposition at Seville in 1992 influenced greatly on the increase of government’s demand.


� Tecniberia, Annual Reports (1987-89). 


� For this purpose Tecniberia created a permanent representation in Washington D.C.


� Apart from Tecniberia Presidency and General Secretary, in 1965 the companies that spent more time in overseas missions were CAL, EDES, EPTISA, HEYMO, Sener, Tecnatom, TECNITEC y Torán y Cía. Tecniberia Annual Report (1964/65).
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