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3. PROCURING PRODUCTS AND POWER:
DEVELOPING INTERNATIONAL
COMPETITIVENESS IN SWEDISH
ELECTROTECHNOLOGY AND

ELECTRIC POWER

M. Fridlund

1. INTRODUCTION

Competitiveness comes in mysterious ways. Today, the Swedish state, through its power
utility, Vattenfall, is a competitor on the European power market and the private Swed-
ish-Swiss firm, ASEA Brown Boveri (ABB), is one of the major international electro-
technical manufacturers. The aim of this study is to investigate the development of one
of the tools behind this competitiveness of the Swedish state and industry. The tool in
question was the High Voltage Direct Current (HVDC) transmission technology.’

The first commercial HVDC plant was inaugurated in 1956 and was the outcome
of a public technology procurement project between the Swedish electrotechnical com-
pany, ASEA, and the Swedish public power agency, the Royal Board of Waterfalls
(Vattenfall). However, the HVDC development neither started nor ended with this
project. Therefore the central global and local processes that influenced the prospec-
tive HVDC user and producer before and after the formal procurement project are de-
scribed. The study closes when HVDC reached commercial maturity locally and glo-
bally as well as having gone through its first transfer abroad. The procurement process
is divided into the phases of Proto-Procurement, Procurement, and Post-Procurement.
Note however that this linear division is made in retrospect for analytic purposes and
does not resemble the actual perception of the actors involved, who on the contrary were
uncertain all through the procurement project — and long after — whether HVDC actu-
ally had a commercial future.

' ASEA was in 1988 merged with the Swiss Brown Boveri & Co (BBC) into ASEA Brown Boveri (ABB).
Vattenfall, formerly the Royal Board of Waterfalls, was in 1992 divided into the state-owned power pro-
ducing stock company, Vattenfall, and the grid administration agency, Svenska Kraftnit.
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2. PROTO-PROCUREMENT: IN SEARCH OF POWER AND PRODUCTS

In the interwar period high voltage alternating current (AC) transmission was the dom-
inant technology for electric power transmissions. That had not always been the case
however. The end of the 19th century had seen the “battle of the currents” between
proponents of direct current (DC) and AC technologies about which was best for long-
distance power transmissions. The battle was decided by the first large-scale transmis-
sion project, the American Niagara Falls project. This included building the world’s
largest power plant and experts had first recommended DC transmission but as the
experience of AC increased swayed in favour of AC. In 1 896 Niagara started produc.:—
ing hydro power and became a powerful example of the value of AC transmission in
utilising “remote waterfalls hitherto running to waste” (Hunter and Bryant, 1 991:254).
This decided the battle of the currents and gave AC an hegemony in long-distance power
transmission that was to keep its hold until the interwar period and the ”second battle
of the currents” (Fridlund and Maier, 1996).

2.1 New Beginnings

The interwar period can with the benefit of hindsight be seen as being formative for
several crucial procurement resources globally as well as locally by identifying obsta-
cles of a new dimension for AC transmissions. The interwar period saw a rising demand
for power reflected in discussions concerning several international “super power trans-
missions” projects — long-distance transmissions of large amounts of electric power —
that were suitable for HVDC. This generated a proto-demand for an HVDC innovation-
to-be, and created a familiarity of the future user Vattenfall with the critical problems
with such a project. Concerning supply, globally novelty and diversity was created
through the emergence of several HVDC proto-technologies and locally an “absorp-
tive capacity” for transmission technologies was created in the future producer, ASEA.
Last but not least, the period saw the structuring of relations in the Swedish electrotech-
nical sector in that the development pair between ASEA and Vattenfall had matured.
After a 20-year long period of social learning in different user-producer projects a mutual
trust had been developed that became important in the following Procurement Phase.

2.2 Shaping the Needs: Developing Proto-Demand

The technical characteristics of the AC technology made it unsuitable for several su-
per-power projects. Mainly, there were critical problems with the bad electrical stabil-
ity of long AC transmissions; these could cause power failures and black-outs, and made
impossible the building of long underwater cable transmissions using AC. As a solu-
tion, it was proposed in the interwar period to use DC transmission, which did not suf-
fer from these problems and also promised to be less expensive. Internationally AC and
DC were once again pitched against each other.
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2.2.1 Global visions: plans for international interconnections

The largest and most seriously contemplated super power transmission project con-
cerned electric power transmission from Norway to the European continent. WWT had
demonstrated to Denmark its large dependency on coal-imports and since Norway had
one of the world’s largest hydro power resources with only a limited domestic market
potential Denmark proposed a project concerning a super power transmission from
Norway through Sweden to Denmark. A Nordic commission investigated critical tech-
nological and economic problems of such an Inter-Scandinavian power transmission
and concluded that it was feasible with either AC or HVDC. However, the world eco-
nomic crisis of the 1930s made the project unrealistic because of a lack of demand in
industry (Svenska Vattenkraftsforeningen, 1921: 68; Fridlund and Maier, 1996).

Large transmission projects were also discussed in Germany, which after the Nazi
take-over began to prepare its national power grid for a new war. In connection with
this the German military became interested in super power and cable transmission
projects (Maier, 1993: Ch. 4.1.2). In Russia, also, there were similar discussions of
national super power transmissions.

2.2.2 Local visions: plans for a national grid

In Sweden, the State through the public agency, Vattenfall, was the largest actor in the
electric power system. There was no public monopoly on ownership or generation of
hydro power. Nevertheless, Vattenfall and the large private or municipal power utili-
ties, because of exclusive regional transmission networks, enjoyed de facto regional
monopolies. Vattenfall was in charge of exploiting the waterfalls of the state and it was
the largest Swedish power producer with four large power plants. Aside from Vatten-
fall, three other large power utilities owned interests in inter-regional AC transmission
trunk lines and through this had interests in future Swedish super power transmissions.
Among the smaller utilities was the ASEA subsidiary, SEV, which was going to be
important in the development of the HVDC technology.

During the interwar period Vattenfall interconnected the networks of its two hy-
dro power plants in central Sweden. This was the first step in a plan to interconnect all
of the State’s power plants from the upper North to the South into one national grid
and through this use the plants more efficiently. The last of the State’s three regional
systems was centred around a power plant in the very far north at Sweden’s largest
waterfall. The system was isolated from the southern systems and in the 1910s it was
seen as a utopia to have super power transmissions across the thousand kilometres to
central Sweden. In 1930 Vattenfall expanded on its earlier vision of a national grid and
put forward a plan with all Sweden’s power plants — private, municipal and state —
interconnected into one national power system. But this got thwarted in the mid-30s
when two large private power companies decided to interconnect their systems in the
north and south of Sweden with an AC-transmission link. Vattenfall protested to the
government, which decided that further development of the long-distance transmission
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grid was to be carried out in co-operation between Vattenfall and private utilities. Th_e
majority of the state’s large hydro power resources in the very far Noth had to wait
for demand and technology to progress enough for it to be possible to build new power
plants and transfer the power south. And this was seen as coming sometime in the 1960s.

2.3 Shaping the Means: Developing Proto-Technologies

The critical technological obstacle to HVDC transmission problem was the 1§ck ofa
converter between high voltage DC and low voltage AC, which was needed since the
majority of customers used low voltage AC electricity to power motors and machine.s.
A competitive development atmosphere was created globally as well as locally
Sweden, as electrotechnical firms and independent inventors competed to present pro-
totype converter technologies to solve the HVDC problem. ' )

HVDC is, as a technology, basically an application of previous technological
knowledge and therefore more an example of *technology as applied technology’ than
*technology as applied science’ (Rosenberg, 1982; Rosenberg, 1992).% In the proto-
procurement phase this application of technology came from the know-how accumu-
lated in the industrial processes of incremental improvements on an already commer-
cial technology.’

2.3.1 Global search: creating technological diversity

There already existed a DC transmission technology - the Thury system — that ir} 1?06
with a 180 km power link had shown the possibility of long distance Dq transmission.
However, the Thury system used a very large number of electromechanical conveftgrs
which were regarded as too costly and clumsy. Starting in the 1920s more promising
solutions to the converter problem began to appear. In the 1920s two different expern-
mental prototype converters intended for HVDC transmissions were pfesent.ed by the
large international electric manufacturers English Electric and the American giant Qen~
eral Electric Co. (GE). In 1931 GE stated that there existed no theoretical reasons against
HVDC transmissions with their new converter and the press reported that the batt%’e
between AC and DC “seems to be entering upon a new and most interesting phase .
The same year the German Siemens company reported that their comcrcial Mercg—
ry-Arc Rectifiers now could also be used to convert from DC to AC. Sler_neps saw this
as the solution to the HVDC problem and meant to be ready to start building HVDC
transmission systems. The other German giant, AEG, also said they were working on
HVDC converters. In May 1932 yet another German converter was presented &?y the
famous scientist and independent inventor Erwin Marx. A devoted German national-

2 As shown by Lindgvist (1994), HVDC also provides a good example of "science as applied technology”
3 This is a good example of how strategic absorptive capacity is developed as a by-product of a firm’s nor-
mal manufacturing. See Coben and Levinthal (1990).
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ist, Marx wanted to use his converter to further the war effort. HVDC transmission with
underground cables was of great military interest because AC power lines disturbed
airfields and made industrial plants easy to find by aircraft. Marx’s converter therefore
became a secret defence project and the focus of the German firms. But after lack of
progress it came to be seen in 1937 as a dead-end and the German firms restarted their
other converter research (Direct Current, 1963; Maier, 1993: 19, 106 - 8).

In addition to these proto-converters, two Swedish prototypes were presented in
the 1930s. The first — the Glesum system — was developed by a famous Swedish inde-
pendent inventor with help from a professor at the Royal Institute of Technology in
Stockholm. When the converter was presented at a meeting in 1934, ASEA "gave the
sensational announcement’” that it was also working on its own converter technology
(Svenska Dagbladet, 1934: 3).

In the mid-30s GE conducted the first field tests of HVDC transmission with a
small-scale proto-converter. The experiments were seen as a success and GE planned
larger experiments. In 1939, a short HVDC transmission was publicly demonstrated
in Europe when the Swiss company, Brown Boveri (BBC), used a converter of their
own to transmit DC. Even though the transmitted power was small, BBC claimed that
”doubt can no longer exist” about super power transmissions by HVDC and intended
to go ahead with larger transmissions. The Swiss demonstration was, however, stopped
with the outbreak of WWII (Direct Current, 1963: 4 - 5).

2.3.2 Local search: the factory as learning laboratory

ASEA was the most important Swedish manufacturer of electric power technology and,
after the 1930s, the other only independent firm was a cable manufacturer controlled
by the Ericsson company. Also the German and Swiss giants Siemens, AEG, and BBC
were active in Sweden through Swedish subsidiaries and representatives.

In 1925, ASEA decided to start manufacture of a Mercury-Arc Rectifier for con-
verting low-voltage AC to DC. The use of low-voltage DC had expanded with the
growth of city lighting and tramways. Traditionally electromechanical converters had
been used for converting AC to DC but since 1904 the electronic mercury-arc rectifier
had become a serious alternative.* The other large European electrotechnical manu-
facturers sold rectifiers with BBC as the leader. ASEA being a laggard, first consid-
ered acquiring a license on a foreign construction but eventually decided to develop a
more independent construction (ABBCA, 1925: 1). In 1927 ASEA wrote a contract with
a Hungarian consulting engineer for the construction of a rectifier. The engineer had
worked for BBC and supplied ASEA with know-how and drawings in what "most likely

was a plagiarism from Brown Boveri” (Hakansson, 1983, 1:5, 1:17; TMA, 1977: 17,

* The mercury-arc rectifier is a vacuum tight vessel filled with mercury gas and a cathode in form of a mer-
cury pool and anode of iron or graphite rods and with a continuous current in the form of an electric arc burning
in the mercury gas between cathode and anode. Alfernating current is transformed to continuous direct cur-
rent because an anode gets “blocked” when the AC-phase becomes negative and the positive current flows
in the anode that is experiencing positive AC-phases.
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26). In 1928, an experimental rectifier was finished. However, it did not function sat-
isfactorily because of critical material problems and random short circuits, so called
“back-fires”. ASEA set up a group to solve the critical problems and construct a com-
mercial rectifier. They soon found the engineer’s construction not to be “capable of
development in many respects” and instead went on and developed an independent
rectifier construction (Wollard, 1988: 44; TMA, 1975: 2).

The next step towards a commercial product was to construct a prototype for in-
ternal use. This was not a totally independent construction since ASEA had acquired a
Jot of know-how from the failed experimental rectifier. This was later recognised
through royalties to the consulting engineer. As the prototype and confidence pro-
gressed, ASEA in 1930 turned to the municipal power utility in Stockholm and asked
to be able to install a prototype rectifier to try it out in real use. The utility accepted
and a rectifier was delivered in 1932 and worked so well that it was accepted for oper-
ation one year ahead of contractual stipulations. Meanwhile, ASEA had also given a
tender and delivered a commercial rectifier to the municipal utility in Gothenburg.
However it suffered from severe problems and had to be taken back for adjustments.
In retrospect these problems served an important purpose in providing important know-
how for the further development of low-voltage rectifiers and — later on — for the first
HVDC mercury-arc rectifier. Parallel to this ASEA’s management worked hard to get
an international reference order. The first came in 1932 to the Danish State Railways
(DSB) and it was important because of its large size — six rectifiers — but also because
it was the first export order. More so, DSB did not dare to give ASEA the whole order
because its lack of reference-projects and also ordered three rectifiers from BBC, the
leading manufacturer. This meant that ASEA’s new rectifier construction was to be
measured against its foremost competitor, which especially pleased ASEA. ASEA
considered it important to deliver a construction that could match BBC’s (ABBCA,
1932: 2 - 3). This was successful and in 1933 ASEA’s low-voltage rectifiers had reached
technical and commercial maturity.

As ASEA’s group had worked on the solution to the problems of the low-voltage
rectifiers they had also thought about how to construct a converter for the 50 - 100 times
higher voitages of super power transmissions. And in 1933 the first experiments on a
experimental HVDC converter were “sneaked in” between the work on the low-volt-
age rectifiers. The practical HVDC development had been initiated because the inven-
tion of the Glesum system (Lamm, 1983a: 37; Lamm, 1976: 4). A new company had
been formed to exploit the invention, which since 1932 had been further developed by
a professor at the Royal Institute of Technology. ASEA had been approached about
investing to acquire patents and know-how. But although ASEA’s management con-
sidered the Glesum system to have solved the converter problem and to be the best
solution to the HVDC transmission issue, the international prospects of a commercial
HVDC project in the next 10 - 20 years looked extremely small and non-existent in
Sweden. This was because an eventual Swedish transmission from upper Norrland
would “wait a very long time” and probably use AC. The only possible project that could
be conceived in the foreseeable future was transmission of Norwegian hydro power to
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the European continent although it was also considered too uncertain (Alm, 1935: 1;
ABBCA, 1933b; ABBCA, 1933a: 3 - 4). But the Glesum company did not give up their
efforts and in 1933 it gave a successful demonstration of its new converter. ASEA’s
management discussed acquiring a license to manufacture the new technology, but
eventually decided to wait (ABBCA, 1933c¢: 1).

ASEA’s rectifier group wanted to convince ASEA’s management that an HVDC
mercury-arc converter —an Ion Valve — was a better development path and sped up their
development in 1934, in connection with an announcement that the Glesum system
would be presented at a public meeting. ASEA’s project manager attended the presen-
tation, and when he left ASEA’s laboratory on the day of the meeting a new experi-
mental ion valve was finished but hadn’t yet been tested. There were great expecta-
tions of the Glesum system, and several hundred engineers attended the presentation.
During the presentation the eager project manager phoned the laboratory and was told
that the ion valve worked fine with a voltage 10 times that of commercial rectifiers.
Back at the presentation he announced that ASEA had also worked out an HVDC so-
lution. But the next day he found out that his phone call had come at the “right” time
since 20 minutes later “the whole thing collapsed, and after that we never got it going
again” (Berneryd, 1992: 10; Svenska Dagbladet, 1934; Lamm, 1976 6). Although the
first ion valve had broken down after a very short time, it seemed to prove that the
construction was correct in principle. The construction was based on a patent from 1928
that ASEA’s project manager had come up with when trying to improve the back-fire
problem of the Hungarian rectifier. ASEA’s group continued with more tests but they
all suffered from the critical problem of an excessive amount of back-fire that, togeth-
er with more urgent issues concerning commercial rectifiers, stopped the HVDC de-
velopment in the mid-30s.(Lamm, 1947: 309; Lamm, 1946: 28).

In 1937, ASEA continued the development on the ion valve solution. The group
was now less busy with problem-solving in connection with the commercial rectifier
orders and had gained extensive experience and training in solving DC converter prob-
lems (ABBCA, 1938a: 2). Crucial to the further development of low-voltage rectifiers
and high-voltage ion valves were a number of such critical problems concerning choice
of materials. A series of experiments was conducted on a new ion valve construction
that succeeded, and in 1940 ASEA came up with a construction that worked longer than
a couple of hours and that could be tried in more realistic large-scale HVDC test trans-
missions (ABBCA, 1938b: 11; Lamm, 1949: 189).

2.4 Shaping the Relations: Developing Informal Institutions

In this period Vattenfall and especially ASEA developed international and national
relations that became important in the coming procurement phase. Internationally,
ASEA gained a respect among its international competitors and, nationally, ASEA and
Vattenfall formed a long-term and intimate user-producer relation around the devel-
opment of new technologies. Both these relations led to ASEA asserting and strength-
ening its independence and developmental capacity.
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2.4.1 Global institutionalisation: gaining an international respect

From its foundation ASEA was set on competing with the major electrotechnical firms
and being a respected international company. In the 1920s and 1930s ASEA established
itself as a major electrotechnical enterprise and was accepted on a more or less equal
basis into a market cartel with the German giants. It managed to keep its independence
from the foreign giants which included staving off an attempted take-over by the
American giant General Electric. In the 1930s, when industrial R&D became institu-
tionalised among the electrotechnical giants, ASEA followed this example and began
considering R&D as a tool for international competitiveness. That led to the establish-
ment of a high voltage laboratory and a new will to invest in more strategic and long-
term R&D such as HVDC.

2.4.2 Local institutionalisation: establishing a national development pair

The joint HVDC development between Vattenfall and ASEA was not unique but rath-
er one link in a series of previous intimate and informal user-producer development
collaborations around advanced technologies. This joint history of long-term collabo-
rations in uncertain projects on high-risk technologies had matured in the 1930s and
established the trust relation between the two partners that I call a Development Pair.
This relation goes back to 1909, when Vattenfall and ASEA conducted joint experi-
ments to improve ASEA’s circuit breakers. These collaborations were taken up again
in the 1920s, when Vattenfall erected a power line of 130.000 volts to interconnect their
two regional systems in central Sweden. This was the first European project to use such
a high voltage and through this it provided incentives to Vattenfall and ASEA to initi-
ate their a large joint strategic development project. ASEA’s high voltage transform-
ers were not up to international standards. When ASEA got a procurement order on
transformers for the power line, it got the chance to catch up. Through joint tests ASEA
and Vattenfall could develop transformers comparable to foreign ones. After this Vatten-
fall initiated a new strategic project to improve ASEA’s circuit breakers. With the use
of Vattenfall’s power plants for advanced experiments ASEA in the 1930s could im-
prove their constructions and also develop a completely new type of breaker (Fridtund,
1995; Glete, 1984a).

This collaboration was characterised by a “spirit of national engineers” among
Swedish electrical engineers. The historian Jan Glete argues that when discussing the
collaboration between Vattenfall and ASEA one must “take into account a positive
interest in encouraging Swedish industry and Swedish technology”. There were nation-
alistic sentiments connected to Swedish technology concerning national prestige and
the ”guarding of the national technology and ambitions to foster it were strong ambi-
tions in Swedish industry”. Sweden was a country that stood outside the wars and the
struggle for national eminence came to be fought on the industrial battlefield instead
of the military. This “spirit of national engineers” characterised the electric power sector
up to the late 1950s (Glete, 1984b: 43, 69).
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3. PROCUREMENT: HVDC IN THE MAKING
3.1 Developing a Problem: Putting HVDC on the Agenda

In 1940 DC transmissions once again became an issue globally as well as locally in
Sweden. The global interest was shown by Soviet plans for exploiting large waterfalls
in Siberia and Caucasus and to use HVDC to transmit 600 megawatts (MW) over 900
km (VA, 1940b: 1, 15). The local interest was shown when a Swedish HVDC project
proposal of about less than one-hundredth the size of the Soviet plans was put forward
to Vattenfall. This was in a conversation about Swedish transmission projects between
the Director General of Vattenfall and the general manager of ASEA’s subsidiary power
company, SEV. ASEA through SEV owned several smaller Swedish utilities and wa-
terfalls. This involvement in the power sector made ASEA into a customer and some-
times competitor to Vattenfall. Usually this was not a problem, but on this occasion in
1940 it was. ASEA owned a utility on the island of Gotland that it wanted to supply
with power from one of its waterfalls 450 km away on the Swedish mainland. The power
could be transferred via Vattenfall’s existing power lines but since Gotland’s distribu-
tion net was isolated from the mainland it would also require an undersea power cable
to Gotland. SEV’s manager proposed this power transfer should be with HVDC. The
amount of power transmitted should be rather small and the Director General found
the project interesting but nevertheless objected because it might strain Vattenfall’s
capacity in times of crisis (VA, 1940a: 3).

This market-directed interest in HVDC projects from ASEA is also shown through
two “market surveys’ conducted in 1940. The first concerned what previously had been
written about possible HVDC transmissions and gave ASEA a view of the potential
global demand for HVDC. Based on this ASEA did an internal survey of the technical
and economic reasons for and against HVDC. It concluded that there could be no doubt
that HVDC was going to “obtain a footing” and also be used in Sweden. Also two crit-
ical problems for a successful future HVDC transmission were identified. The first was
technical and was to develop converters for high voltages; the second was social and
concerned establishing a development project "in collaboration with those power com-
panies concerned to try to get a plan for the gradual testing of equipment on a practical
scale for larger and larger power.” To develop the social collaboration was considered
“as important” as developing the technology since

"those on the first hand economically justifiable projects are so large that their realisation
must be preceded by the execution of smaller DC-transmissions, which in themselves might
not generate any eventual economic profit, but would give experience necessary to deter-
mine if it will be possible to risk the realisation of the larger projects. [...] When one goes
about executing projects involving such large investments, one usually avoids large tech-
nical risks, in that one seeks to apply constructions and principles that have proven their
trustworthiness and operational reliability in smaller projects” (ABBCA, 1940: 9).

5 The view that nations battled each other through their technological development was prevalent and that
nationalism was conmected to technological development from the late 19th century onwards is supported
by a lot of historical research. See Eriksson (1978), Fritzsche (1992), Ekstrom (1993), Bjorck (1993), Sam-
uels (1994), Fridlund and Maier (1996), Elam (1997), Fridlund (1997).
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In 1941, Vattenfall’s Director General and ASEA’s project manager met to discuss
Swedish HVDC projects. The Director was an enthusiastic expert on the issue, as he
had worked on the previous Inter-Scandinavian project and on a plan to use HYDC to
export power from one of Vattenfall’s power plants to Denmark. He had several prac-
tical ideas and suggestions and offered ASEA the use of Vattenfall’s transmission net-
work for HVDC experiments as, in a similar way, it had been allowed to use it to test
their circuit breakers (VA, 1941: 1 - 2). The project manager stressed the risks with an
HVDC transmission to Gotland but despite this the Director was very optimistic about
possibly finishing a transmission within two years. If Swedish cable manufacturers —
to which an ASEA subsidiary belonged — would be willing to sell a cable without any
profit, an immediate purchase could be possible (VA, 1941: 2 - 4). But despite Vatten-
fall’s optimism, it did not become an ’immediate purchase’ and HVDC came instead
to be considered for a much larger transmission project, a Swedish super power project.

3.2 Enter Procurement: Formalising the Process of Problem-Solving

In 1942 Vattenfall started preparations for a future super power transmission from the
northern Norrland region of Sweden. In central Sweden, only 20 % of the exploitable
hydro power remained untapped and was rather expensive to develop, while in lower
and upper Norrland around 70% and 90% was still unused (Rusck, 1945: 155). To keep
the number of large transmission lines from Norrland from becoming too many, though,
it would be necessary to develop a technology with higher transmission capacity than
before.

The previously mentioned state inquiry had concluded that the future large power
transmissions should be built in collaboration between the major power utilities. In 1942
the Swedish Collaborative Committee for Superpower Transmissions was formed to
investigate the problems concerning a future transmission from Norrland. It consisted
of representatives from Vattenfall, the three other large utility companies owning power
lines of 220.000 volts, and the potential Swedish manufacturers, ASEA and a cable
company. Its main task was to investigate the alternative possibilities of using HVDC
or AC transmission with much higher voltages than before. This project was much larger
than those previousty discussed and the Director General was less optimistic about
HVDC and more doubtful concerning the assurances made about its usefulness. Nev-
ertheless, he found it "very laudable” that ASEA had started developing HVDC con-
verters, even if he doubted whether ASEA with its limited resources would manage to
solve a problem "where the major international firms have not succeeded” (VA, 1942:
1-2; VA, 1943: 1).

ASEA had constructed an improved Ion Valve prototype and after the first com-
mittee meeting Vattenfall investigated the possibility of using one of its power lines
for large-scale and long-term construction experiments on the new prototype. The prob-
lem with constructing the Ion Valve was that it was too complex a construction to make
possible its development on the basis of known laws of electromagnetism and theoret-
ical models. Instead, it had to be based on results from empirical trial-and-error testing
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of prototypes. This had to be done in realistic full-scale tests with almost operational
voltages. Furthermore, it was necessary to test each modification of the prototype dur-
ing a very long period of operation because of the possible critical problems of "age-
ing” of the valve material and random and unpredictable back-fires. All this made the
development very time consuming and expensive, as well as the fact that it needed
access to large amounts of electric power (VVA, 1942; Direct Current 1960/61: 224;
Lamm, 1976: 6 - 7). The result of the committee’s main investigation about AC versus
DC confirmed that HVDC should give lower transmission cost than AC, estimated as
2/3 the cost of AC. Following this, ASEA and Vattenfall decided to go ahead with more
formalised co-operation (Borgquist, 1968: 19; Lamm, 1976: 2).

3.2.1 Contracting to procure joint know-how

In 1943, ASEA and Vattenfall signed an agreement to “jointly establish and operate”
an experimental power transmission for HVDC to give the “most complete experience
basis for the consideration of a possible use of HVDC for future super power transmis-
sions from Norrland to central Sweden.” This experimental transmission set-up would
consist of a power line connecting two converter stations, one to be built in Vattenfall’s
hydro power plant Trollhittan and the other 50 km away in a small substation belong-
ing to Vattenfall. Except for supplying the power for the experiments and building the
two converter stations Vattenfall supplied personnel to operate the power line while
ASEA supplied the Ion Valves and necessary personnel and equipment for the exper-
iments. All other expenses should be divided equally between the two parties. Accord-
ing to the contract the results from the experiments should be freely available to both
parties although they could not be communicated to outside parties (VVA, 1943: 1, 3).
The transmission was estimated to cost 1.3 million Crowns to build and the experiments
were planned to commence during the end of 1944 and be finished in 1948. While
waiting for the experimental transmission link to be set up, ASEA continued its exper-
iments and in late 1943 they performed the first successful long-term experiments on
their Jon Valve prototype (Sylwan, 1944: 57; [Helén], 1957: 105; Lamm, 1949: 189).
But crucial tests still missing were to actually transmit power over longer distances and
to try out how and if the converters also worked outside the laboratory, out in the field.

3.2.2 Confronting critical technical problems

A great advantage for HVDC transmissions would be the possibility of using ’earth-
return’. This meant that, rather than using a closed DC circuit of two power lines for
each transmission, the returning DC current could instead be transmitted through the
earth between the two converter stations (or through the sea, in the case of undersea
transmission). This would mean that only one power line was needed instead of two
without earth-return or three with AC. Since a large cost of the transmission link usu-
ally consisted of the cost for lines or cables, this would mean very large savings for
DC compared to AC.
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However, an important critical problem with using earth-return was that it might
damage or disturb other large technical systems such as telephone cables or signal sys-
tems of the railway networks. To investigate this Vattenfall and ASEA in 1944 started
a series of large-scale experiments in collaboration with the Swedish Telecommunica-
tion Administration (STA), the State Railways and Chalmers Institute of Technology.
First earth-return was investigated at the joint experimental transmission link at Troll-
hittan in a 50 km low-voltage DC transmission. After this the scale of the experiments
gradually increased until it was almost spanning the whole length of the country. The
first of the more large-scale field experiments was conducted during a Saturday night
in November, when DC was transmitted more than 300 km via one of Vattenfall’s long
power lines. During the five minutes the experiment lasted all railway traffic in central
Sweden was stopped because of the danger of faulty signalling. The experiment also
showed that a real super power transmission with earth-return could cause wrong rail-
way signals within 150 km of each electrode. The critical problem still remained un-
solved. During 1945 these 'macro-experiments’ were continued with “one of the most
exceptional electrotechnical experiments performed in recent time”. This was a DC
transmission of 300 km along the Norrland coast but this time using the Baltic Sea as
a return conductor (sea-return). This was a continuation of a previous failed test to trans-
mitting power with sea-return more than 450 km. By using sea-return, it was hoped to
avoid disturbing the mainland telephone and railway systems (Blomgqvist 1946: 21;
Lundholm, 1947: 321). This experiment succeeded in the sense that this seemed to be
the case for the major part of the current.

Meanwhile, the completion of the experimental stations at Trollhéttan had been
delayed by a year because of a nation-wide strike at the end of the war. The transmis-
sion set-up was finished in the end of 1945 but then the preconditions for the HVDC
experiments were altered because of the earth-return issue that had changed from a
possible advantage to an actual obstacle. This was because the large risk of disturbing
the railways and telephone cables around the Trollhattan power plant made it impossi-
ble to conduct any long-distance transmission tests. What could be done, however, was
to simulate such a long-distance power transfer in the Trollhdttan power station (with
an AC/DC-converter connected over a large resistance — “the power line” — to a DC/
AC-converter).

The most important part of the experiments was however the testing of the Ion
Valves which now could be moved from ASEA’s laboratory to the Trollhéttan power
plant. This empirical testing was done through life-time’ experiments wherein teams
of ASEA s specialists together with Vattenfall’s operators worked around the clock in
Trollhiittan for several months of time. A vivid description of the reasons for this long
and arduous engineering work has been provided by ASEA’s project manager:

”[We] have tested [...] different modifications of the interior design of the valves, many
of them in two or more samples. The more fruitful modifications have been run for a peri-
od of about half a year, or longer, while quite-a number have been run unchanged for sev-
eral years, One would like, of course, to finish the test on one modification before one goes
on with the design of the next, but as the time that elapses between building a new modi-
fication from the first sketches and obtaining the first test results can generally not be cut
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down below 9 months, it is quite obvious that one must work with a great number of mod-
ifications "in parallel’. The setting out of a design, therefore, often has to include a lot of
guesswork regarding the outcome of previous designs which are still under construction
in the works”™ (Lamm, 1956: 10).

3.2.3 Eliminating an institutional obstacle

Another obstacle for future Swedish super power transmissions was of an institutional
nature and concerned the ownership and operation of the future super power lines.
Except for the state, private companies owned hydro power in Norrland and it would
not be considered practically and economically justifiable that every owner of power
in Norrland that wanted to transfer it south should build its own super power transmis-
sion. Therefore they had to transfer their power on transmission lines owned by other
companies. Since it was decided that the future power system was going to be devel-
oped in co-operation between private and public utilities it was predicted that several
critical problems would arise concerning ownership of the power transmitted, etc. As
a solution to this institutional obstacle, Vattenfall in early 1945 proposed to the three
other main power companies owning power in Norrland that the four of them should
form a joint company that should take over all old transmission lines and build all new
super power transmission lines. None of the other companies was really interested in
the proposal, but after hard negotiations Vattenfall managed to get them to agree on
the proposed company. This company should own, build and operate all large Swed-
ish transmission lines in the future. During the spring of 1945 Vattenfall asked the gov-
ernment to approve the proposed company. Opinions differed among the parties of the
coalition government and the decision had to wait for the change of government fol-
lowing the end of WWIL In November the new Social Democrat government decided
that the State — i.e. Vattenfall — should own and be responsible for any new Swedish
super power transmission lines. This also meant that it became the sole responsibility
of Vattenfall to decide what technology to use (Bjurling, 1982: 140).

3.2.4 Increasing demand and de-selecting supply

In 1946, the HVDC experiments continued with smaller power transmissions between
the two experimental stations. Furthermore, Vattenfall performed a series of joint ex-
periments with STA on radio disturbances from HVDC power lines. In September,
1946, yet another large-scale experiment was performed with earth-return. This was a
full-scale experiment in its true sense since it was a transmission of 1,000 km. The north
electrode of the transmission line was placed down in a mine in upper Norrland and
the south in a fjord outside Gothenburg. But the experiment gave rather few positive
results and strengthened the negative ones from previous experiments that had shown
HVDC super power transmission to cause serious disturbances of the railway and tel-
ephone systems (Lundholm, 1952/53: 82; Rathsman and Glimsted, 1949a: 43).
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During the autumn of 1946 the plans for developing the largg Waterfall at
Harspranget were suddenly brought forward by the Parliament. The anticipated post-
war depression did not come and instead there was an increasg 'in the demand for ele‘c-
tric power. Therefore it was seen as necessary to start exploiting tpe hydro power in
upper Norrland earlier than foreseen. Vattenfall already had to decide what teghnf)lo-
gy to use for the super power transmission already during 1946. Both AC rrar.lsmlss:ops
with 300 - 400,000 volts and HVDC were considered risky options. HVDC did not exist
and the highest AC voltage previously used was 287,000 volt. ASEA did not dare to
take the risk with the untried HVDC system and stated “that there are no chances to
get the DC system fully ready and sufficiently tested in time for th'e first st.age‘ of the
exploitation of Harspranget, while the prospects look good to havg it ready in time fo’r’
it to be applied to the major part of the [further] developments in upper Norrland
(Lamm, 1947: 311). In December 1946 Vattenfall decided to chose AC technology for
the development of Harspringet and entered into a public technology procx}rement
project with ASEA around developing a 380,000-volt AC tec}.mology. The. project was
successful and the first power line from upper Norrland was inaugurated in 1952. But
this had not meant the end for HVDC.

3.3 Reconstructing Procurement: Return of an Old Project

Vattenfall and ASEA in 1947 decided to continue the HVDC collaboration with the
aim of developing Ion Valves for future Swedish super power transmissions from up-
per Norrland. The old experimental station in Trollhdttan would be' too small for the
new experiments and in 1948 it was decided to build another larger joint laboratory next
to the old one. The new laboratory would make possible experiments on Ion Valves of
up to eight times the power (25 MW) as that of the old laboratory (Lamm, 1947: 314;
Rathsman, 1954b: 12). ‘

At the same time an older much smaller HVDC project had been reopened when,
barely a month after the decision to chose AC for Harsprénget, the qu'estion was raised
anew in the Parliament about the possibility of supplying Gotland with electric power
from the mainland. Gotland was the only Swedish region without its own hydrq power
or connection to the national power grid. Because of this "power isolation’ and high fuel
costs, the electricity prices on Gotland had been much higher than in the rest of Swed.en
during WWIL. The government approved a state inquiry and ordered Vattenfall to in-
vestigate it. Vattenfall conducted the inquiry jointly with the manager of the ASEA sub-
sidiary that owned the only power plant on Gotland. Such an HVDC trgnsmlssmn to
Gotland would be a very suitable first reference project for ASEA, in that it would be of
a "lagom’ — Swedish for "not too big, not too small’ — scale and difﬁcul?y..The amount
of power transmitted was only a tenth of that of a super power 1:rapsm15510n. Further-
more, in case the project failed, there was no risk of law suits or claims of damage from
dissatisfied customers since ASEA owned the island’s one and only power company.

As for the super power transmission, it was crucial that the HVDC transmission c_hd
not disturb or damage surrounding infrastructure systems and as a part of the inquiry
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several experiments were performed. With the help of Chalmers Institute of Technolo-
gy, potential disturbances to the telephone cables to Gotland were investigated. Further-
more, the transmission was not allowed to damage sea life because "possible demands
from the fishing industry” might bring to nothing the economic gain of using sea-re-
turn. In the summer of 1949 Vattenfall together with the Royal Board of Fisheries con-
ducted model experiments on the effect of DC sea-return on the flora and fauna of the
sea. In these experiments a small (1000 m) scale-model of a transmission link with sea-
return was used. The investigations showed that any disturbances could easily be avoid-
ed. The joint Vattenfall-ASEA inquiry was finished in J anuary 1949 and recommend-
ed an HVDC cable transmission because it did not suffer the same large loss of power
as an AC cable transmission. It stated the primary advantage of the transmission to be
lower electricity prices on Gotland, and furthermore, an operational HVDC transmis-
sion “for reasonable power” would also be positive for the development of larger super
power transmissions (Rathsman and Glimstedt, 1949a: 45, 60 - 62; Deines, 1949: 108).
In 1949 Vattenfall followed the inquiry’s recommendations and presented the
government with a proposal to build an HVDC power transmission to Gotland. The
government and Parliament followed the proposal and in 1950 the procurement con-
tract between ASEA and Vattenfall for a 20 MW Gotland transmission could be signed.
According to Lamm, the technology was not considered as completely safe since it was
still under development and all involved knew that the project meant ~considerable
technical risks” (Lamm, 1950: 146). The new Ion Valve laboratory was finished in 1951
and all experiments now became focused on developing the Ion Valves for the Gotland
transmission. The two converter stations should each have two converter groups of 10
MW each with every group consisting of six normal Ion Valves and an extra "by-pass’
Ion Valve. This by-pass valve was ASEA’s second solution to the problem of back-
fires. Tt had been possible to decrease but not to eliminate completely the back-fire
problem. Since it had been found impossible to completely eliminate them, even in
commercial low-voltage rectifiers, the group had found it to be “sound realpolitik” to
accept them and, instead, *invent around’ the problem. This was done by using a method
developed for the commercial rectifiers. When a back-fire occurred, all the fon Valves
were automatically blocked and the faulty current was passed through a by-pass valve.
When the back-fire had died out, the current came back as normal (Lamm 1947: 3117 -

* 2). After the decision one and a half years were spent on further development of the

Ion Valves. This time was used to test different modifications. When the decision was
taken in 1953 to freeze the lon Valve construction, around 140 different Ion Valve
constructions had been tried, with several in two or more Versions.

3.4 Supplying the Product: Laying the Link

The set up of the Gotland transmission began in 1952. The whole transmission con-
sisted of two converter stations and one underwater cable. In the mainland converter
station power was taken from the national grid and converted to DC and then transmit-
ted through the cable to the converter station on Gotland. Here the power was convert-
ed back to AC before it was sent out to consumers on Gotland. The transmission used
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only one cable and the circuit was closed by sea-return. The station buildings were built
so that it would be possible to increase the power to 40 MW at a later stage by dou-
bling the number of converters and by laying an extra cable. The 96 km long cabl_e was
put out in 1953 and the transmission started in 1954. During the”u'y-out transmission
that followed, it was possible to tune in the equipment and to do “some measurements
under realistic conditions” and, based on this, construct and manufacture some supple-
mentary details (Rathsman and Svidén, 1956: 12). According to the contract the try-
out transmission should continue until 1957. However, since Vattenfall was very sat-
isfied with the trial results it was decided to bring forward the take—ovel." one year and
on January 1st, 1956, the transmission was taken into commercial operation by Vatten-
el The whole transmission had originally been estimated to cost 9.5 million Crowns
but had increased to 19 million because of an additional build-out of the converter sta-
tions. This was, however, cheap, considering that Vattenfall got the equipment for the
same price as ASEA’s manufacturing cost (Rathsman, 1954a: 7; Glete, 1983: 175). The
price of 19 millions can also be compared to a Vattenfall assessment from 19"59, which
estimated Vattenfall’s total costs for the HVDC development work in Trollhéttan 1943
- 54 to be 2.6 million Crowns.® The hydro power from the mainland transferred thr'ough
the new transmission link lowered the price of power on Gotland to half of What it hgd
been before. Furthermore, ASEA also gave up the right to control the operations of its
Gotland steam plant to Vattenfall (Rathsman and Glimstedt, 1”949b: 99) /’X lgg”om cost
for a lagom first HVDC order. The next step was to go from “lagom” to "big”.

4. POST-PROCUREMENT: RE-MAKING PRODUCTS AND POWER

In 1957, the English and French public power utilities, British Electricity Authority
(BEA) and Electricité de France (EdF), placed an order with ASEA for Ion Valves for
an HVDC transmission under the English Channel. The transmitted power was to be
eight times the amount in the Gotland project and the total cost was 70 million Crowns,
including ASEA’s share of 16 million Crowns (Vi Aseater, 1?60: 20). Although Fhe
formal procurement process began in 1957, this project — which was of an adaptive
procurement kind — also had its proto-procurement phase. ‘ '

It started in 1950, when a joint French-English committee began to mvest;gate the
possibility of establishing a power exchange between the two cognn'igs, Tl:‘flS would
save building power plants of 300 MW in the two countries (Tekmsk Tidskrift, 1954:
556). The distance over the Channel was rather short (40 km) which made both AC and
HVDC possible. The committee’s official report came only three weeks after _the
Gotland link started trial transmission. The report proposed using AC. Concemmj;
HVDC, for which “so far no tangible success has been commercially demonstrated’,
the report declared that it was not immediately practicable because of its immature state

¢ Calculations are based on information in handwritten memos VVRA (1959a) and VVRA (1959b).
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of development (ABBCA, 1954: 4). It nevertheless stated that an experimental HVDC
transmission under the Channel merited serious consideration. When the report was due
to be publicly presented in London, ASEA’s project manager travelled there together
with Vattenfall’s Director General and vice Director General. During the meeting they
provided information about the Gotland transmission and showed pictures from its open-
ing. Although the report had settled the technical preconditions in favour of AC, ASEA
with the help of Vattenfall lobbied to convince EdF and BEA of the advantages and
trustworthiness of HVDC. The committee had envisioned an AC transmission using
four cables, wherein the fourth cable was a spare cable that would use sea-return to
experiment on HVDC transmission. If that worked well, a change-over would be made
from AC to HVDC. However, this was unacceptable to the powerful British Admiral-
ty, because the sea-return would create a small error in compass inclination in the heavily
trafficked English channel. Although the error was insignificantly small, EQF and BEA
thought it "would take 10 years to convince the Admiralty” about that (Berneryd, 1992:
86). Therefore, it was impossible to make a gradual change-over from AC to DC and
the choice between HVDC or AC had to be taken from the outset. The great advantage
of DC was that the expected economic savings would be around 4 million Crowns
compared to 1.3 millions with AC; moreover, it promised to be more reliable (Vi Ase-
ater, 1960: 20; Aseas Tidning, 1962: 17).
The discussions continued between ASEA and EdF and BEA in 1954 and 1955,

" After a while, ASEA’s engineers were allowed to participate informally in the com-

mittee meetings. Later still, these meetings turned into serious negotiations. Finally, in
1957, the power companies placed their orders with ASEA. The transmission had been
changed to an HVDC cable transmission with Ion Valves of twice the current and volt-
age of the Gotland transmission, and with eight times the power. This was also a pro-
curement project of the adaptive variety, wherein the major adaptive innovation activ-
ities concerned the further development of the ion valves and the regulation system of
the link. The transmission was brought into operation in December, 1961. The HVDC
technology had matured and taken its first steps out onto the international market.

5. CONCLUSIONS: PRIVATE AND PUBLIC COMPETITIVENESS

The Channel project had been the first project in which ASEA managed to export its
new product — the HVDC transmission technology. This project was followed in the
1960s by other export projects for long underwater transmissions in Italy, Sweden-
Denmark (Konti-Skan, see below) and New Zealand. HVDC also found application in
its originally intended Swedish use — as an overland transmission link for super power
transmission. This was in 1965, when ASEA and GE got a joint order for the so-called
Pacific Intertie. This was a more than 1.300 km long transmission of 1.440 MW from
the Colorado River in Oregon to Los Angeles in California. Thanks to this, HVDC
proved its superiority over AC for long super power transmissions. This was also a
public procurement project, as the major buyers were two federal and municipal pow-
er companies. And, like the Channel project, this too was technology procurement of
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an adaptive kind, with Ion Valves developed to more than 15 times the power of those
at Gotland (Lamm, 1983b).

Up until the 1970s ASEA had a practical monopoly on HVDC technology world-
wide, with a profit margin of 20 %. In the 1970s the HVDC Ion Valvg converter tech-
nology met harsh competition from new Semiconductor HVDC Thynstor}convetners.
ASEA switched to the new technology trajectory and thanks to its experience in the
Ion Valve technology managed to keep its leading position. The economic result of
ASEA’s HVDC Ion Valve technology was orders of 545 million Crowns in 1954 - 73
with net profits of around 74 million Crowns. The latter amount accounted fo_r 135 %
of the HVDC turnover (Glete, 1983: 287). Up until 1951, ASEA had spent 5 mflhpn
Crowns on the HVDC development work, to be compared with the around 2.2 million
Crowns spent by Vattenfall. In 1960, ASEA had spent around 22 million Crowns, to
be compared to around 6.4 million Crowns by Vattenfall. But Vattenfal_l prf)ﬁted from
its investments in its next large super power transmission project, which it started in

60. '

v HVDC was never used by Vattenfall for its intended purpose, to transmit power
from Norrland directly south. Further transmissions in the 1950s and 1960s used the
existing AC technology and, instead, HVDC came to be used in agother large power
project, whereby Vattenfall redefined its demand from local Swedish to Epropean in
the 1960s. This was a project of building a power link between the Scandxnaylan pe-
ninsula and the European continent. The large development of hydr(i power in Norr-
land had created a power surplus that could be used for a "profitable” export to West
Germany (Lalander and Gradin, 1962: 1189; Vi Aseater, 1963). In the early 1960s,
discussions started concerning a power exchange between Sweden and Denmarlg and
West Germany which would mean great savings because of the complementary diver-
sity of different national consumer patterns and energy resources (hydro power vs. steam
power). A joint committee of the involved power companies concluded that HVDC was
the most suitable technology for this “Konti-Skan” link. _

The super power transmission was for 250 MW and the whole prf)_]_ect cost arognd
100 million Crowns. Vattenfall in 1963 ordered equipment for 50 millions (.equall.mg
around 400 million Crowns in 1997) from ASEA (Vi Aseater, 1963: 4). This project
was seen as meaning cost reductions and profits of the same order of magnitude through
reduction of the needs of thermal power in Sweden and export of surplus power. This
cost can be compared with the sum of 6.4 million Crowns, which was the estimate gf
Vattenfall’s cost until 1960 for the joint HVDC development work in Trollh%ittan (Konti-
Skan, 1962: 35, 51; VVA, 1959a; VVA, 1959b). The Konti—Sgan project was success-
fully inaugurated in 1965. It was described as "the European highway of’eleftérlc pow-
er” and as opening the gate for "a complete European exchange of power” (Vii Vatten-
fall, 1963). Through this, both ASEA and Vattenfall had succeeded on the European
market with the help of their new HVDC technology.
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4. A CASE STUDY OF THE SWEDISH PUBLIC
TECHNOLOGY PROCUREMENT PROJECT
"THE COMPUTER IN THE SCHOOVL”
(COMPIS), 1981-1988

T. Kaiserfeld

1.INTRODUCTION

The object of this study is to describe and analyse the Swedish public technology pro-
curement project Compis (Computer in School) aiming to develop a Swedish school
computer, from 1981, when the Swedish government decided to sponsor the project,
until production of the computer was discontinued in 1988.' The Compis project was
a public technology procurement project proper: a government agency, The Swedish
Board for Technical Development (Styrelsen for teknisk utveckling), formulated a func-
tional specification of requirements for a product, personal computers for use in schools,
which did not exist at the time (1981). After this the Board formally invited bidders,
placed an order and signed a contract with the bidder judged most favourably. Since
additional or new technological development work was required to fulfil the demands
of the buyer, the Compis project was an “ideal type” of public technology procurement
project. Moreover, since new products were supposed to be created, it was a creation-
oriented project and therefore a developmental public technology procurement.

The Compis was a technical product whose creation had two purposes: to provide
the Swedish compulsory school and upper secondary school with modern and inexpen-
sive computers, partly in order to introduce computer science, and to give Swedish
industry the chance to develop new technology. A school computer was called for by
the Ministry of Education and its agency the Swedish Board of Education (Skolover-
styrelsen), whose enquiries had established that there was no computer on the Swed-
ish market meeting the necessary performance standards to ensure the success of the
plans to introduce the new subject. At the same time as the Board of Education made
its enquiries, the Swedish computer industry, and particularly the two largest manu-
facturers, Datasaab and Luxor, began to run into financial difficulties (Sjdstrom, 1996,

' The project has also been treated in Kaiserfeld (1996).




