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Abstract 

New technology can be the basis for new products, new services and new companies, but it is also a 
threat to existing companies. As a consequence great companies are challenged when new 
technology enters into their existing products. This was also true for large engineering corporations 
in Sweden when digital electronics made an entrance into their traditional mechanical products some 
50 years ago. 

How did early adopters in Sweden, like Ericsson and Saab, handle this challenge? They did not 
choose to rely entirely on in-house competence.  They also hired very qualified R&D related ICT 
consultants. A new ICT consultancy industry, which was very different from the ERP consultancy 
business, was born. As a consequence consultants played an important role in research and product 
development and helped large engineering corporations to master the dynamics of innovation. 

The R&D related ICT consultancy industry, focusing on developing new products and services for 
their customers, still plays an important part in Swedish industry. In a recent quantitative study, made 
for the Swedish Governmental Agency for Innovation Systems, more than 350 such companies with 
about 13 000 employees, were identified. The sector is dominated by a handful domestically owned 
and operated companies, which serve the Swedish industry with development of embedded systems 
and software. In this article we study how this new consultancy industry evolved and how the 
customer base has grown larger over time. 

One conclusion is that thanks to the externalization of R&D the competence has not been locked in. 
Instead engineering companies in one industry has been able to benefit from competence and 
experience developed in other companies in different industries. 

 
Introduction 

There are, in relation to the size of the country, a very high number of large Swedish engineering 
corporations in different industries, such as Ericsson in telecommunications, Saab in defense, Volvo, 
Scania and Autoliv in automotive, Atlas Copco, Alfa Laval and De Laval in machinery, Electrolux 
and Husqvarna in appliances, SKF in ball bearings and Sandvik in hard materials. In addition there is 
ABB, a Swiss-Swedish owned company in electrical equipment, and former Swedish owned 
companies now belonging to foreign corporations, like Bombardier in transport and ITT Flygt in 
submersible pumps, with important R&D and manufacturing still in Sweden. 

Software engineering – a radical shift in product development 
Most of the above mentioned corporations were founded in the late nineteenth or early twentieth 
century. They originally developed and manufactured purely mechanical products. Already some 50 
years ago they could be considered as fairly old companies in rather mature industries. According to 



James Utterback (Utterback, 1994) they would be in the Specific phase of an industrial life cycle.  
Their industries had left the Fluid phase, with a lot of new inventions and new ventures, and the 
Transitional phase, with the emergence of a dominant design, and moved into the Specific phase, 
which is characterized by low-unit-cost production of highly specified products.  
 
But a major change started in the engineering industry some 50 years ago when digital electronics 
made an entrance into their typically complex and assembled products. Software engineering then 
became an important ingredient in product development in engineering industry. 
 
In some industries, e.g. the telecommunication industry, digital electronics caused a major shift in 
almost all parts of the entire product. Until the 1950s all telephone exchanges were purely 
mechanical. In the 1960s so called electronic switching systems were introduced on a small scale and 
during the 1970s telephone exchanges, e.g. Ericsson´s AXE-system, completely controlled by 
computers were introduced at a large scale. In these systems a program was stored in the memory 
and the processor executed the instructions automatically one by one. An immediate consequence of 
program control was full-scale automation of exchange functions and introduction of new functions 
to users. Computer controlled exchangers grew rapidly and they completely took over the industry in 
the 1980s. This introduction of a disruptive technology (Christensen, 1997) was initially rejected by 
mainstream customers and some great companies in the telecommunication industry did unwittingly 
bypass opportunities until it was too late.  
 
This of course was a radical shift in technology and the need for mechanical engineering was in a 
rather short period of time replaced by tremendous need for qualified software engineering. 
Introducing computers to carry out control functions of a telephone exchange was not as simple as 
using computers for commercial data processing and hence the competence was rather scarce. A 
machine, like a telephone exchange, must run automatically and without interruption 24 hours a day, 
7 days a week. This called for special expertise that could develop compilers, data warehousing, 
billing systems and so on for billions of automated transactions. 
 
Ericsson successfully handled this radical shift. But Ericsson did not choose to rely entirely on in-
house competence. Ericsson also gave birth to a lot of very qualified R&D related ICT consultants. A 
new ICT consultancy industry, which was very different from the ERP consultancy business already 
in place, was born during the 1970s. This newborn industry grew fast and played an important role in 
product development and helped Ericsson and other large engineering corporations to master the 
dynamics of innovation, which occurred when digital electronics made an entrance into their 
products. 
 
In telecommunications digital electronics initiated, as mentioned above, a major shift in almost the 
whole product system. In other industries, e.g. the defense and automotive industry, software 
engineering was already at an early stage essential for developing some vital parts of the complete 
products, e.g. control systems and injection systems, but other (mechanical) parts stayed more or less 
unchanged for a longer period of time. The same is true for engineering companies making different 
kinds of machinery or appliances. The dominant design of the complete product (Utterback, 1994) 
stayed unchanged and the industry as a whole stayed in the Specific phase of an industrial life cycle. 
 
Being in the Specific phase of the life cycle makes it important to focus the efficiency in 
manufacturing and other processes. The latter companies mentioned above were all major users of 
factory automation for manufacturing the mechanical parts still in use in their complex products. 
Thus the need for mechanical engineering almost stayed unchanged but it was complemented by a 
great need of software engineering for product as well as process innovation. Many of these 



companies also hired R&D related ICT consultancy firms when developing e.g. control systems and 
embedded systems as integrated parts in their complex product systems. 
 
Not only the production development but also the product development was, for some engineering 
companies, e.g. in the machinery industry, very closely linked to the development of automated 
manufacturing systems. Companies like Atlas Copco, making equipment for underground mining 
and industrial tools and assembly systems, De Laval, making milking systems, and Sandvik, making 
tools and tooling systems for metal cutting, were during the 1980s focusing on the development of 
more integrated and automated production systems to help their customers improve productivity and 
lower labor cost in their different production systems. 
 
The larger engineering corporations in Sweden generally coped very well with the transformation 
that took place when digital electronics became essential parts of their products. They often gained 
market shares on the global market when the transformation shook out smaller competitors. But 
other more domestic Swedish industries did not survive the transformation. The Swedish machine 
tool industry is one example. Until the 1970s the machine tool industry was one of the key Swedish 
industries. It had achieved international recognition, and as an equipment supplier it had played an 
important part in the international success of Swedish engineering industry. It consisted of a large 
number of small companies, each manufacturing their own types of machine tools (turning, milling, 
grinding, punching, drilling etc.). But the competitive conditions changed when computerization and 
more integrated and automated manufacturing systems were introduced during the 1960s and 1970s. 
 
When computerized numerical control (CNC) was introduced the computers were built into the 
machine tool control systems in multi-operation machines and they were capable of controlling 
several machine functions simultaneously. The technology matured quickly and CNC-machines soon 
were the rule rather than the exception in engineering companies in Sweden. It was a radical shift 
and many small Swedish machine tool firms with long traditions went into bankruptcies. In the 
middle of the 1980s almost the entire machine tool industry in Sweden was completely wiped out. 
The small Swedish companies could not compete with larger competitors, e.g. Japanese machine tool 
firms, which produced standardized machines for a much larger market (Ehrnberg and Jacobsson, 
1995). 
 

Software engineering in process development 
Swedish engineering industry was, even when the Swedish machine tool industry went into 
bankruptcy, one of the foremost in the world in terms of automation. During the 1980s it had an 
extremely high penetration of CNC machines, Industrial robots and automated material handling 
systems (Carlsson & Jacobsson, 1997). Several of the large Swedish engineering companies also 
introduced automation products, originally developed for their own manufacturing systems, to the 
market. Examples of these were ABB´s and Electrolux´s industrial robots, Volvo´s Auto Carrier 
System and Sandvik´s Block Tool. 
 
However the most interesting perspective on automation was not found if CNC machines, industrial 
robots and automatic material-handling systems were regarded in isolation. It was only when these 
automation elements were linked together and combined with the feasibility of concentrating the 
remaining and essential manual labor contributions that the really significant economic gains were 
made. Production could then continue with a minimum of personnel for long uninterrupted periods. 
A new production engineering expertise was born that developed integrated manufacturing systems 
with limited manning. They developed flexible manufacturing systems (FMS) consisting of machine 



tools, tool changers, industrial robots, transport devices, automated stores, technical and 
administrative computer systems and other items and services (Giertz, 1987). 
 
In the middle of the 1980s the need for expertise in process control systems, embedded systems and 
industrial communications programs formed the basis for a new R&D related ICT consultancy 
sector. The technical competence was very similar to the ICT consultancy sector related to product 
development but the application focus was entirely on developing industrial manufacturing systems. 
Some of the customers were engineering companies developing automation products and product 
systems for their costumers but these ICT consultancy firms also worked for costumers in other 
industries, who ordered customized automation for their own production. 

R&D related ICT consultancy firms – part of a technological system 
Sweden has fairly often been recognized for its strength in engineering industries. Engineering 
companies were already identified by Erik Dahmén when he in 1950 described important 
development blocks in Swedish industry (Dahmén, 1989). At later stages efforts have also been 
made to describe the technological system (Carlsson, 1995) that can explain the success of Swedish 
engineering companies. Carlsson and Jacobsson especially focus on factory automation when they 
summarize the salient features of that system in an article: 
 

Several dimensions have been identified which are particularly important in factory 
automation. These may be grouped under three broad headings, namely (1) the competence 
of various agents within the system, particularly users and suppliers, (2) the institutional 
infrastructure, particularly in the areas of education and the role of government, and (3) the 
clustering of resources in the form of networks and/or development blocks which hold the 
whole system together. (Carlsson and Jacobsson, 1997). 

 
We believe that the R&D related ICT consultancy industry in Sweden have played an increasingly 
important – and so far rather neglected – role in that technological system. The R&D related ICT 
consultancy industry has been very instrumental when developing improved functionality in products 
and manufacturing processes in Swedish industry. In a recent quantitative study, made for the 
Swedish Governmental Agency for Innovation Systems (Giertz et al, 2013), more than 350 R&D 
related ICT consultancy companies with more than 5 employees each are identified. Together they 
had around 13 000 employees in Sweden in 2011. The number of employees increased with over 40 
% during the period 2007-2011, which makes it the fastest growing business sector in the Swedish 
ICT industry. 
 
All above mentioned consultancy companies are completely focusing on R&D related ICT 
consultancy as their main business. The sector is dominated by a handful domestically owned and 
operated companies, which serve the Swedish industry with development of embedded systems and 
software. In addition there are many other large consultancy corporations, with a different main 
focus, which include separate business units operating on this market. The number of employees in 
Sweden, in the R&D related ICT consultancy industry as a whole, would more than double if these 
business units were included.  
 
The consultancy firms are a commercial part of an innovative system (Laestadius and Rickne, 2012) 
that really is on the forefront in developing embedded systems for product as well as process 
development. They work in very close cooperation with their customers, both product developers 
and production engineers, and they have great possibilities to use experience from one project in one 
company also in other projects in other companies and other industries. That individual companies 



could benefit from this is also in line with theories about open innovation (Chesbrough, 2003), which 
assumes that firms should use external expertise as well as internal in their R&D.  
  

Characteristics of the R&D related ICT consultancy industry 
When microprocessors and digital electronics made an entrance into the Swedish defense and 
telecom industries, the R&D related ICT consultancy industry was born. The new ICT consultancy 
industry was very different from IT consultancy business already in place. 
 
In the early 1970s microprocessors made an entrance in former purely mechanical products. Tasks, 
which earlier were carried out by analogue components, could then be executed in a digital domain. 
The new 8-bit processors together with assembly code offered huge possibilities to create new and 
improved functionality in many different products. But there was also a need for new competence to 
take advantage of the new possibilities. A new profession – “the computer software developing 
electrical engineer” – was born. 
 
Most Swedish engineering corporations have consulted external expertise since the very first steps to 
increase functionality by using microprocessors in their products. Most of the R&D related ICT 
consultancy firms started out with just a few employees. In most cases expansion started almost 
instantly, due to high demand and access to qualified young engineers from Swedish universities. 
These new consultancy firms often took on roles as complementing external R&D departments for 
their customers. 
 
In the very beginning 4-bit and 8-bit processors performed simple tasks. Soon enough engineers 
started to add functionality, and both source code and system behavior rapidly became more 
complex. Complexity made it hard to plan the system resources to make the performance predictable 
over time. Technical solutions with multi-threaded software (sometimes running on several processor 
kernels) tended to require experienced engineers. Other early challenges were memory management, 
portability, communication interfaces, display support, sound etc. Such functions are nowadays 
commonly provided by standard Operating Systems even for very specific hardware platforms. 
Consultants, with extensive experience from this type of assignments, often perform these specific 
adaptations. 
 
Most engineering companies, that incorporated embedded computer systems in their products, soon 
came to a conclusion to further improve some principal areas. After the initial projects many 
customers wanted to accomplish three things: 
 

1. Structured ways for multiple developers to work on the same code base 
2. Ways to reuse and configure software for multiple products from their product line 
3. Improve testing activities to find problems early in the development projects 

 
These demands caused concepts like object-oriented architectures and model based design concepts 
to emerge. Crucial resources and experiences were often needed when it came to introducing these 
new and modern concepts in product development. Sometimes it turned out that consultancy 
companies, which earlier had helped other customers with similar tasks, had the necessary expertise.  
 
Today R&D related ICT consultancy firms sometimes are empowering and enhancing large-scale 
R&D departments with special expertise or just plain “doing”. In other cases consultants are forming 



versatile software R&D functionalities for customers, who completely lack this ability. Assignments 
can be conducted on customers’ or consultancy firms’ premises, or in a mix. 

Studied R&D related ICT consultancy companies 
In the quantitative study, made for the Swedish Governmental Agency for Innovation Systems 
(Giertz et al, 2013), all 350 R&D related ICT consultancy companies in Sweden with more than 5 
employees each were identified and studied through their home pages. To develop a deeper 
understanding of how the R&D related ICT consultancy sector emerged and developed we have 
examined a number of successful consultancy companies that played important roles during different 
periods of the new industry´s life cycle. We have chosen two companies which were important 
suppliers of consultancy services to Ericsson in early stages of a fluid phase. We have also chosen 
three, out of five, of the presently large R&D related ICT consultancy firms. The analysis is mainly 
based on longer qualitative interviews with founders of the five R&D related ICT consultancy firms1, 
public information on home pages as well as articles and reports on the development of two 
consultancy companies2 that also are very familiar to the authors3. 
 
Enea was founded by four students from the Royal Institute of Technology in 1968. It was one of the 
first R&D related ICT consultancy firms in Sweden. The first assignment was to design a solution 
for storing data in an air traffic control system. During the 1970s the customer base grew and 
Stansaab, ASEA, LM Ericsson and Facit were important customers. During the 1980s ASEA became 
the largest customer. Enea also worked on a new dispatch system for the Swedish police. Enea 
advanced to other customers and started new offices in Gothenburg, Linköping and Malmö. Another 
crucial customer for Enea, when developing embedded systems, was LM Ericsson in Kista. In the 
late 1990s Enea had about 1 000 employees and several hundred consultants worked on site on 
Ericsson´s premises. 
 
In 1985 Enea had launched a product of its own – the real-time operating system OSE – and Ericsson 
was the first customer. The introduction of OSE gradually changed the business strategy. Enea began 
to focus more on product development and the strategy was to sell consultancy services as a 
complement to the product sales. The product OSE was successfully delivered to Ericsson together 
with, as mentioned above, an extensive delivery of software engineering for more than ten years. But 
in 2001 the telecom market collapsed and Enea had to seek new customers in other industries. One 
new customer was Atlas Copco, which bought OSE with surroundings and hired a complete test 
team when developing new electrical nut runners. 
 
The introduction of OSE gradually made Enea more alienated from the general R&D related ICT 
consultancy sector. As a consequence Enea in recent years was split into two. Enea´s more general 
consulting operations (230 consultants) was acquired by Xdin, while Enea concentrated on 
developing real-time operating systems (based on own products) and complementing consultancy 
services. 
 
Xdin’s customers are found in industries like telecom, machinery, automotive, energy and defense. 
Xdin has about 1 100 employees, in six offices in Sweden and three abroad. Xdin is part of the 
French Alten group, which makes Xdin rather unique. It is the only larger R&D related ICT 
consultancy company operating in Sweden that has its head quarter abroad. 
 

                                                
1 See Appendix 1 for a complete declaration of the interviews. 
2 (Risberg and Öhrwall-Rönnbäck, 2009) and (Schärberg, 1999) 
3 Eric Giertz was a co-owner and the executive chairman of SoftLab AB 1988-1997. Magnus Gens is an employee of 
Combitech AB since 2001.  



SoftLab was founded in the early 1980s by two researchers, Jerker Wilander and Kenth Ericson, as a 
spin off from the department of Computer Science Engineering at Linköping University. 
 
Jerker Wilander was in the early 1970s employed as a mathematician and researcher at Uppsala 
University but in 1976 he chose to follow Erik Sandevall to Linköping University when a new 
department and MSc program in Computer Science Engineering was started. In 1979 representatives 
from LM Ericsson visited the department. They wanted a training course for their experienced AXE 
software developers. Jerker was chosen for the assignment. He prepared and executed a two-week 
course in real-time software engineering for experienced developers in Stockholm. The content was 
basically about how to write source code, test, compile, link and load software on the specific 
Ericsson processors at hand. During the training course Jerker drew attention to his competence by 
replacing a whole block of code with merely 15 lines of new code. From that day he was recognized 
by Ericsson as an authority in software engineering. 
 
In 1981 Jerkers younger colleague, Kenth Ericson, was hired by Saab to contribute in the 
development of a debugger system for a military aircraft – JAS/Gripen. Together with Jerker 
Wilander he then founded SoftLab to take the assignment. Kenth initially was the only employee. 
But at this time the theory on compiler development had matured and Jerker Wilander was a well-
renowned expert in the field. He also had, as mentioned above, earned quite a reputation at Ericsson. 
Jerker left the university when Ericsson assigned SoftLab to design a new compiler platform for a 
new generation of processors. SoftLab grew and continuously recruited new employees from the 
program in Computer Science Engineering. To extend the recruitment base SoftLab started new 
offices in Uppsala and Stockholm. In the mid-1990s SoftLab had about 90 MSc in engineering 
employed. SoftLabs strategy was to completely focus on consultancy and not develop own products. 
Another important principle was that all work should be done in house and not on the customers' 
premises. Ericsson remained the largest and most important customer but SoftLab also contributed in 
product development for other companies in different industries, e.g. industrial robotics, machinery 
and auto carrier systems. The company was sold to Rational Inc. in 1997. Later Ericsson acquired the 
company due to its compiler operations, which were critical to Ericsson. Today many former 
employees in SoftLab work as R&D related ICT consultants in other companies.  
 
Prevas was founded by Göran Lundin in 1985 as a spin off from the Swedish electrical company 
ASEA (today ABB). Göran Lundin was a young electrical engineer when he first was employed by 
ASEA in 1968. In the early1970s, due to some early computer experience from 4-bit processors and 
programming, he quickly advanced to work on the new product line of industrial robots at ASEA. 
Based on knowledge about a coming 8-bit processor from Intel the ASEA made the decision to 
electrify and digitize parts of the production system product line. Thus ASEA became one of the 
early Swedish adopters of the new microprocessors for a new product line. 
 
Prevas was founded in Västerås, a city about 100 kilometers west of Stockholm. Göran Lundin and 
other young employees had experience from product development in ASEA and from assignments 
primarily at Volvo in Köping, a city about 100 kilometers west of Västerås. ASEA, Volvo and a 
machine tool manufacturer, SMT, were important customers at an early stage. Prevas grew rapidly 
and, based on assignments for the telecom industry, launched an office in Stockholm in 1986. In 
1991 Prevas also delivered the first project-based assignment to Atlas Copco Tools and Assembly 
Systems in Stockholm. In 1996 Prevas launched new offices in Linköping and Uppsala and in 1997 
in Malmö and Skövde. Today Prevas has roughly 600 consultants. About half of them hold a degree 
of MSc in engineering. Prevas’s customers are found in industries like telecom, machinery, 
automotive, defense, life science and electricity. At present Prevas have 20 offices in Sweden and a 
few abroad. 



 
Combitech Software was founded in 1992 when Saab Instruments had successfully delivered a 
state-of-the-art integrated control software for a small submarine manufactured by the Swedish 
shipyard Kockums for Australia. A few engineers executed the software development for the 
embedded system. During the aftermath of this project Saab had an obligation to be of service – 
when needed – in Australia for some years. This service contract alone provided the team of software 
engineers with enough revenues to stay profitable while the contract lasted. Based on this group of 
software engineers (six persons) Saab-Scania Combitech started a joint venture together with Enea 
named Combitech Software. The incentive for Saab-Scania to invite Enea was to gain the ability to 
calculate fix priced R&D services in the computer software area, experienced management and 
experience from consulting. Saab relied on Enea to have gained this knowledge from earlier 
experience. Enea was attracted by the possibilities to access the military and space markets, both 
from a business and competence perspective.  
 
The first Managing Director of Combitech Software, Christer Hoberg, was recruited from Enea and 
the initial team consisted of around ten engineers. The newly bred company started off in the early 
1990s and managed to stay profitable by focusing on R&D related ICT consultancy, especially 
embedded real-time software. The customers included companies in different industries; life science, 
defense, telecom, machinery and automotive. Expansion (head count as well as revenues) was rapid 
and the company set up, during the first three years, new offices in Gothenburg, Jönköping, 
Linköping and Stockholm. Today Combitech has around 1 300 employees. The typical consultant is 
an MSc in computer science, mechanical or electrical engineering. Combitech has offices on 20 
locations in Sweden and 2 locations in Norway. Saab AB now owns 100% of the shares in 
Combitech. 
  
HiQ was founded in 1995 as a spin off from a more general Swedish IT consultancy firm, Enator, in 
1995. The three founders had common experience from prior projects in the field of flight 
simulators. The present CEO, Lars Stugemo, was one of the founders. He graduated from the Royal 
Institute of Technology in 1986 with an MSc in Electrical Engineering. His first professional 
experiences came from image processing at a start-up company and test and troubleshooting 
activities at Ericsson. He joined Enator in 1987. 
 
Based on the founders’ prior projects from defense industry HiQ from day one was assigned projects 
for the Swedish Defense Material Administration, FMV. HiQ opened offices in Stockholm and in the 
city of Arboga, about 170 kilometers west of Stockholm, to stay close to their main customer. 
Initially HiQ only focused on defense projects but soon added telecom projects in Stockholm. 
Another early project was to verify the functionality of “e-gas” at Saab Automobile in the city of 
Södertälje, about 40 kilometers south-west of Stockholm. In 1999 HiQ acquired a business in 
Gothenburg and launched its services to the automotive industry. Lars Stugemo took over as CEO in 
2000. In 2002 HiQ acquired a consultancy company in Finland launching its first office outside 
Sweden. At present HiQ’s customers are found in industries like telecom, media, retail, public sector, 
machinery, automotive, defense and finance. Today HiQ has 1 200 employees. About two thirds hold 
an MSc in Engineering. HiQ has six offices in Sweden and three abroad. 

Conclusions: common denominators in R&D related ICT consultancy firms 
R&D related ICT consultancy firms in Sweden are, with few exceptions, domestically owned and 
operated companies (Giertz et al 2013). It makes this industry different from consultancy siblings in 
the purebred ICT consultancy sector. This latter industry is much more consolidated. Large 
international corporations nowadays own former Swedish ICT consultancy firms (Giertz et al, 2013); 



while the R&D related ICT consultancy firms so far have remained very “Swedish”. Most of the 
larger companies also have a lot in common. 

Starting point 
Most of the larger companies are sprung from either the telecom or defense industry. There is one 
exception, Prevas, which was a spin off from industrial robotics. Defense and telecom (and industrial 
robot technology) were early users of the new microprocessor technology in their product lines. Most 
of the consultancy firms were founded by a small group of skilled engineers, who executed the first 
assignments themselves. They were well known authorities to their first costumer, who put a lot of 
trust in them. Thus the business often started on a local market with good personal connections to 
important R&D managers in large engineering companies. Most of the founders were well-educated 
engineers from MSc programs like Electrical Engineering. It seems as if Swedish universities taught 
its students valuable knowledge in the field of digital electronics around 1970.  

Expansion 
The larger R&D related ICT consultancy firms expanded by organic growth during the early years. 
Basically they all recruited intensively at Swedish universities to find the engineers with fresh 
competence in this new branch of engineering. The new professionals were to a high extent recruited 
among young students who had graduated with an MSc in Engineering. 
 
Many Swedish engineering programs teach their students theory for automatic control of systems. 
This specific skill defines a significant difference between software developing engineers and a 
“general software developer”.  This foundation of theory helps the software developer to design 
power control systems, regulators for radio hardware, motor control systems, injection systems for 
engines, torque control on assembly tools, wing control systems for aircrafts, navigational software, 
control of construction equipment, automatic transmissions, material processing tools, automatic 
milking systems etc. Furthermore computerized systems are frequently used to create algorithms for 
encryption, compression of data, modulation for radio transmission, speech emulation, signal 
processing etc. 
 
The senior engineers provided skill and guidance while the less experienced “rookies” provided 
speed and new knowledge from academia. After the first few years most consultancy firms founded 
new offices, in new Swedish cities. The locations of the new offices were close either to the 
customers´ large R&D departments or to technical universities. Very few offices are found north of 
Stockholm or outside the Nordic countries. Typically these new offices started up based on a local 
entrepreneur with experience (and potential business contacts) from product development on a local 
market. The studied companies have applied a split concept where some crucial values and 
guidelines are governed from the central office, while other principal matters are left to be defined by 
local management, on the local market.  
 
The larger consultancy firms have during recent years also started to use mergers and acquisitions to 
further expand the business in three ways: 

1. Reach a new local market 
2. Gain access to a new type of industry (specific domain expertise) 
3. Expand the offer to an existing customer base 

 
It seems as if very few firms have purchased smaller consultancy companies just to expand faster, 
achieve savings or benefit from large-scale.  



Production engineering – a common ground 
Many assignments are in product development, but much of the product development is focusing on 
the development of more effective production equipment’s, such as assembly systems, automatic 
milking systems, tooling systems, industrial robotics and so on. This means that many product 
development assignments also call for competence in production engineering. 
 
Many of the R&D related ICT consultancy firms also work very close to highly automated factories 
and some of them are frequently engaged in the development of more effective manufacturing 
systems in Swedish factories – and Sweden still has a very high concentration of flexible 
manufacturing systems. 
 
In Sweden there has often been big headlines in media when large Swedish corporations, like 
Electrolux, Ericsson and Autoliv, have moved manufacturing abroad and closed down large work 
places in Sweden, but it has been very little noticed that many large engineering corporations, like 
Scania, Volvo, Atlas Copco, Alfa Laval and Sandvik, have closed down factories in other European 
countries and concentrated their highly automated European manufacturing, especially metal cutting 
(turning, milling, grinding drilling etc.), to Sweden. Thus there is still a very high concentration of 
highly automated factories for cutting metal located, close to the R&D departments, on a 500 
kilometers long and 300 kilometers wide belt from Stockholm on the east coast to Gothenburg on the 
west coast of Sweden. All larger R&D related ICT consultancy firms in Sweden have most of their 
offices located on this very belt. 

Sticking to the nuts and bolts 
Most consultancy firms hold very little (or none) intellectual property rights (IPR). During the 1990s 
some R&D related consultancy companies, e.g. Enea, developed products of their own. But these 
companies now have left the industry. Today most successful R&D related consultancy firms stick to 
their nuts and bolts. There seems to be a common understanding between costumers and consultancy 
firms that the consultancy firms keep the right to reuse the ways of working, invented in projects, 
while the customers keep all IPR. Furthermore most consultancy firms are extremely cautious not to 
raise any suspicion that something, invented in a specific project, ever could be used by the 
customer's competitors. As a consequence very few patents regarding products are filed directly by 
consultancy companies. 

A mix of business models 
The Swedish consultancy industries, in general, are dominated by companies who charge their 
customers by the hour. This is also true for the R&D related ICT consultancy firms, but most 
companies perform a mix of fixed price assignments and charging by the hour. This far neither 
consultancy firms nor customers have strived to give the consultancy firms a stake in a specific 
product’s future success. However there are some examples of incentive models involving 
parameters like production cost of electronic hardware. 
 
It seems as if some companies, e.g. HIQ, who have most of their consultants working on their 
customers´ premises, are more likely to charge their customers by the hour. Other companies, e.g. 
SoftLab and Prevas, who have more consultants working in house, are more willing to strive for 
fixed price assignments.  

Developing methods and processes 
When the first 4 bit and 8 bit processors entered mechanical products, engineers used assembly 
language to program functionality. In the beginning only few people where involved in rather non-
complex projects. But soon the development teams introduced more powerful and efficient 
approaches to computerize their products. It seems as if a major technological change, and a new 



generation of technical solutions, has been introduced every decade or so. These technological 
“milestones” also gave opportunities to introduce new methods, concepts, roles, programming 
languages, operating systems, hardware and development tools. 
 
Initially many engineering companies suffered heavily from expensive maintenance of existing 
embedded systems due to delivery-specific versions of software, which required special source code 
instead of just configuration of data. Many experiences have been drawn from each development 
project. The larger R&D related consultancy firms seem to be on the forefront in gathering 
experience. They play an important role when spreading the gained best practice to new industries, 
new companies and new product areas.   
 
Ever since the introduction of high-level computer languages for embedded computer systems so 
called cross compilers are required, along with debugging tools to interact with the more generic 
desktop development environments. Continuously more engineers have been introduced in the 
development activities and in turn the need for configuration and change management, frameworks 
for software testing, build scripts and product-line architecture has increased vastly. 

Final remark 
Ericsson did not choose to rely entirely on in-house competence when the company successfully 
coped with the transformation to a disruptive technology. As a consequence Ericsson gave birth to a 
new R&D related ICT consultancy industry, which today is the fastest growing ICT-sector in 
Sweden. Our analysis shows that this new industry broadened its customer base. Consultancy 
companies started to develop embedded systems for engineering companies that still were in a 
specific phase of their life cycle and with an existing dominant design in their products. One question 
that we raise is if the externalization of R&D related ICT development gave manufacturing industries 
in Sweden a competitive advantage, since the necessary competence to develop both new products 
and highly automated manufacturing was made available to buy on the domestic market. In our 
future research we will further analyze, and hopefully answer, that question. 
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Appendix 1: Specification of interviews 
 
2013-05-13 Staffan Kjellqvist. Founder of Objecta. Kista, 3h. 
 
2013-05-14 Dag Arrenfeldt. Former manager at Enea Stockholm. Stockholm, 2h. 
 
2013-05-14 Jerker Wilander. Founder of SoftLab. Stockholm, 2h. 
 
2013-05-16 Anders Eklund. Manager Project Office, Prevas. Stockholm, 1h. 
 
2013-05-22 Lars Stugemo, Founder and CEO at HiQ. Stockholm, 2h. 
 
2013-05-27 Göran Lundin, Founder and owner of Prevas. Västerås, 2h. 


