Constructing Centralized Electricity Supply
in Denmark and the Netherlands:
An Actor Group Perspective

BY ERIX v. D. VLEUTEN®

I Introduction

In the history of electricity supply, the development of centralized electricity
supply systems is a major event in many industrialized societies. This develop-
ment has also been subject to thorough historical investigations in particular
to some few countries, which are traditionally — and to a large extend right-
ly - considered ‘leaders’ in technological change, such as the Great Britain,
Germany and the United States. In this line of research, Thomas Hughes has
described the development of this basic configuration of modern electricity
supply as the result of a developmental process that occurred roughly be-
tween 1880 and 1930 (Hughes 1983). Electricity supply to the public was
initiated in the form of ‘local systems’, consisting of a power station supply-
ing nearby consumers through a distribution network operating at low voit-
age and thereby, due to relatively high losses, limiting the supply area to
typically inner city areas. From the 1890s these systems were increasingly
absorbed by so-called ‘universal systems’, supplying entire urban or rural
districts from a single but larger power station by means of high voltage (and
thereby more economic) electricity transmission. Finally, from the First
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World War ‘regional systems’ were constructed by (1) the interconnection of
different larger power stations in a power grid of very high voltage and (2)
the further concentration of electricity production in very few but very large
power stations. With this latter type of sysiem, in this paper called ‘cen-
tralized system’ to avoid terminological confusion', the scale of supply was
increased to areas with the size of German linder or the states of USA or
even entire nations. As we know, the centralized systems would later be ex-
panded to a supra-national level with the development of transnational power
grids — in Europe particularly from the 1950s2.

While Hughes’ study indeed concerned countries traditionally in focus in
the history of technology, it also stressed how the local interplay of techno-
logical, social, and natural geographic factors resulted in different ‘techno-
logical styles’. Taking up this line of research, others have since studied devel-
opments in countries traditionally less in focus and investigated specific fea-
tures of their electrification. In Scandinavia, a number of such studies have
been made and have recently facilitated comparisons between developments
in the four Nordic countries Norway, Sweden, Finland, and Denmark with
focus on both technology (Kaijser 1995) and on institutional frameworks
(Thue 1995). With regard to the development of technology, which is the
issue of this paper, a varied description of the mechanisms of change was
provided for Norway, Sweden, and Finland: All characterized by the presence
of huge hydropower resources providing a major incentive for technological
change, differences in the availability of this natural resource and the actors
involved in the electrification business were reflected in different developmen-
tal patterns. The understanding of the mechanisms of electrification in
Denmark, by contrast, remains rather crude. It appears that the Danish elec-
trification process is interpreted in a similar ‘hydropower’ perspective, where
its notable absence of larger hydropower resources is used to put the incen-
tives for change 1 the other Nordic countries in perspective. The Danish
incentives for change are themselves not sufficiently explored. Incidentally,
hydropower 1s even given primary agency in the Danish developmental pro-
cess: The transmission of the mmported or the modest indigenous hydroelec-
tricity is pointed out as a key motive for building power grids as ‘transmission
lines’, which later ‘came to function’ as actual interconnections with two-
way electricity transport. And when the ‘benefits of integration had become
obvious’, these resulted in the .development of centralized systems mainly
based upon thermal energy (Kaijser 1995, 34, 36-38 and 46-47).
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To explore further the logic of developing centralized electricity supply
based upon thermal energy, this paper seeks to break the hydropower per-
spective down by comparing the Danish case with the Netherlands’s, another
relatively small country in North-Western Europe, which like Denmark, be-
cause of its flat topography, is void of larger hydropower resources. To avoid
the determinism of ‘technological progress’, ‘economic superiority’, and
natural geography, the paper methodically departs from the concerns within
and interplay among actor groups involved in the development of centralized
supply: In a variation on Wiebe Bijker’s (1995) definition, an actor group is
made up of actors with relatively similar concerns and motives for techno-
logical innovation, and who actually are engaged in the production and sup-
ply of electricity. Moreover, actors can have different degrees of ‘inclusion’
in such groups®. From this perspective the paper identifies three distinct de-
velopment patterns, corresponding to three constellations of actor groups, in
the study of the two countries.

While the paper traces the construction of interconnections and the con-
centration of electricity production, the two constitutive elements of central-
ized supply, it does not investigate the continued dynamics of more decentral-
ized supply technologies. although these certainly existed. These are de-
scribed elsewhere (van der Vieuten 1996, 1998). Nor does it address the
development of basic technologies that made centralized supply possible. It
suffice to say that actors could tap from an international pool of technology
involving boilers, power engires, generating units, and power lines of still
higher capacity and efficiency (e.g. Hirsh 1989, 4ff, 40ff and 89ff). In this
sense, it i1s a diffusion process rather than an invention process that is under
investigation.

II. The point of departure: Actors around 1915

When the issue of centralized supply systems was raised in Denmark and the
Netherlands during the First World War, there were both similarities and
notable differences'fwith regard to the present actor groups on the electricity
supply field (van der Vleuten 1998). Similarities included the presence of a
large number of so-called autoproducers, primarily industrial firms produc-
ing their own electricity. However, contrary to for instance Finland, where
targe industries developed a large centralized system competing with the state
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owned system for public supply (Myllyntaus 1991, 79ff; Kaijser 1995, 42—
43}, Danish and Dutch autoproducers hardly engaged in the construction of
public supply systems at all. A notable exception was the state-owned firm De
Staatsmijnen [Dutch State Mines] in the province of Limburg in the Southern
Netherlands, which established an industrial grid interconnecting several coal
mine power plants and subsidiary industries, and from which public supply
was subsequently organized (e.g. van Eck 1947). Still, this only concerned
one of the eleven Dutch provinces, and as the public supply part was carried
out by a different company, one can argue that this autoproducer was merely
‘engaged’ by the public supply company, which purchased electricity and
transported it across the province.

A second similarity between Denmark and the Netherlands was the mass-
ive involvement of the municipalities in the electricity supply business. Paz-
ticularly from 1905 to the First World War, municipalities took over existing
local systems established by private companies or established new local or
universal systems themselves, not in the least envisioning a profitable enter-
prise to boast the municipal treasury. Municipal electricity supply systems
were established in most larger and medium-sized towns, in Denmark even
in many rather small towns*.

By contrast, there were notable differences between the two countries with
regard to rural electrification. Already here it is fruitful to distinguish between
three different actor-constellations in Western Denmark, Eastern Denmark,
and the Netherlands respectively. In Western Denmark — that is, the region
West of the Great Belt including the mainland of Jutland and the large island
of Funen - the town municipalities were a major force in rural electrification,
as they (often with participation of rural consumer collectives) extended their
transmmission networks into the hinterland. As a result, such townbased sys-
tems became the largest public supply systems in the region both in terms of
annual production and reach of the transmission grids. In addition to this
actor group of municipalities, electrification was, particularly in more remote
rural areas, organized by rural inhabitants by means of a true multitude of -
small consumer-owned utilities, mostly in the form of co-operative societies,
and mostly limiting supply to single villages. Like autoproducers, however,
this fatter actor group of consumer associations remained rather isolated,
and hardly participated in the construction of centralized supply systems.
Finally, in the 1920s a new and very large actor was established to electrify
Southern Jutland, an ‘electrically backward’ area acquired from Germany
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following the 1920 referendum specified in the Treaty of Versailles. Different
rural (and a single municipal) distribution companies joined forces to estab-
lish a common production company, the Senderjyllands Hojspendingsverk,
formed as a large co-operative society, which would supply the entire district
from a single large power station.

In Eastern Denmark — primarily consisting of the three large islands of
Zealand, Falster, and Lolland, and roughly equal in population, but much
smaller in area and therefor much more densely populated than Western
Denmark — municipalities as well as local village systems participated much
less in rural electrification. Instead, particularly on the islands of Zealand
and Falster, rural supply was dominated by a few large rural district utilities
using high voltage transmission to rapidly expand their systems. By 1920. the
rural areas of these islands were more or less shared between only four com-
panies. Their example had been the district utility of Northern Zealand.
" NESA (Nordsjellands Elektricitets og Sporvejs Aktieselskab, ltd.); although
the majority of shares had been taken over by the smali Gentofte municipality
in the 1910s, it was still run as a private company. The other three rural
district utilities, based on North-Western Zealand, South-Eastern Zealand,
and Falster respectively, were or soon became consumer owned. By 1915,
these were the largest systems in Eastern Denmark in terms of annual elec-
tricity production next to the two large municipal utilities of the Danish
Capital, the twin towns of Copenhagen and Frederiksberg.

Finally, in the early 1910s in the Netherlands rural electrification coincided
with the entry of the provincial authorities as new actors in the supply busi-
ness (Hesselmans 1995, 120ff, 185ff). Traditionally a strong political actor
relative to comparable bodies in Denmark. the provinces interfered in the
electricity supply business with the motive to secure electricity supply to the
rural areas, and thereby support the development of rural industry and agri-
culture, and counter the rapid urbanization process. By the early 1920s, prov-
incial utilities had been established in nine of the eleven Dutch provinces,

either organized as companies fully owned by the provinces or as partner- -

ships, in which the provinces had the bulk of the shares. Technically, these
companies exploited ‘universal systems’ including large power stations, either
owned or engaged by the provinces, and high voltage transmission networks
to transport electricity over larger distances. A tenth province was supplied
by provincial companies of neighbour provinces, leaving only the Western
province of South-Holland without provincial supply. Here, large municipal
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companies based in towns like the Hague, Rotterdam, Leiden, Delft, Gouda,
and Dordrecht expanded their networks into the hinterland, and became
large, importaﬁt actors on the public supply field together with the provincial
utilities. Finally, in the Western province of North-Holland the municipal
utility of the Dutch capital Amsterdam co-existed with a provincial company,
while in the province of Overijssel a large private district utility co-existed
with the provincial company.

Politically, the provinces developed a grip on the electricity business
through provincial decrees introducing a kind of provincial concession system
for public electricity supply. Approved of by the national government, the
provinces could thereby reject construction plans of smaller actors and frus-
trate the expansions of the latter. As a result, the diffusion of small town and
village systems stagnated, and in the Netherlands lacked the multitude of
decentralized production companies that existed in Denmark: While there
lived two to three times as many people in the Netherlands than in Denmark
on a slightly smaller area, the number of producing actors in the electricity
supply business topped around 1920 with approximately a hundred electricity
supply companies. In Denmark, there were nearly five hundred of such ac-
tors. Of these. about a hundred exploited a town supply system, while the
majority supplied villages or rural districts (Centraal Bureau voor de Stat-
istiek 1941, 4 (n. 8); Danmarks Statistik 1923, 76).

I Visions of national supply systems

This was the situation, when the idea of centralized systems was taken up in
both countries during the First World War. Inspiration came primarily from
their common neighbour country Germany, where the issue of centralized
supply was raised by Georg Klingenberg, head of the large electrotechnical
industry Allgemeine Elektricitits-Gesellschaft (A.E.G.) and professor at the
polytechnical school in Berlin (e.g. Klingenberg 1916). According to Klingen-
berg, centralized supply was desirable because the concentration of produc-
tion in large, favourably suited power stations would imply cheaper access to
primary energy as well as economies of scale. In addition, the interconnection
of several large power plants in one system enabled a sharing of the common
load (load management), and thereby an economic exploitation of the pro-
duction units in the system. It also enabled a sharing of back-up capacity, so
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that the total investment in back-up units could be reduced. These arguments
were quickly taken over by leading electrotechnical engineers in Denmark
(e.g. Angelo 1917) and the Netherlands (e.g. Doyer 1916), who presented
centralized supply on a national scale as the next stage in the technological
development process of electricity supply, justified by its national-economic
rationality.

In the following years, several concrete national electricity supply schemes
were designed. In Denmark, a first such scheme was presented to the Danish
Society of Engineers in 1921 by consulting engineer Svend Aage Faber (Faber
1921), who later would present similar schemes as chairman of committees
under the Danish association of utilities (1926) and under the Ministry of Pub-
lic Works (1929).-The primary feature of Faber’s first scheme (Fig. 1) was a high
voltage power grid covering most of the country. Operated at fifty kilovolts (and
later possibly assisted by a hundred kilovolts line), it would on the one hand
supply electricity at transformer stations near the main load centres, from
where secondary networks would distribute it further. On the other hand, it
interconnected three types of energy sources. Firstly, hydropower was imported
partly through a connection between Eastern Denmark and Sweden, which al-
ready existed since 1915, and partly through a planned connection between
Western Denmark and Norway (either directly or via Sweden), which in fact
was not built before the 1960s. Secondly, there was to be full production ca-
pacity in Denmark, even if large scale imports would be realized. This produc-
tion capacity should be concentrated on a few very large thermal power sta-
tions: At the Eastern end of the gfid the new large power station of the Copen-
hagen municipal supply company (possibly assisted by the nearby power
station of the Northern Zealand district utility) was well suited, at the North-
Western end a new large power station could be established near Aalborg In
Northern Jutland, and in the gravity point of the system the plant of a large
autoproducer (Nordisk Kabel- og Traadfabrikker) at Middelfart on Funen
could be taken over by the exploiters of the grid.

Finally, the system would have access to possible electricity production
from indigenous energy sources, which were not cheap and abundantly avail-
able as in Denmark’s Nordic neighbours, but could be relevant in case of
future restrictions on fuel imports. Such indigenous energy sources were
partly available on the East-Jutland trajectory with hydropower resources
near several East-Jutland towns and two large peat bogs near Aalborg, and
partly included by a West-Jutland trajectory including several hydropower
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Fig. 1. A national electrification scheme for Denmark. Source: Faber 1921.

sites (near Tange, Holstebro and Varde) and brown coal deposits (near 1
Ringkobing). \

Also in the Netherlands several national supply schemes were presented.
Already in 1916 consulting engineer H. Doyer had proposed to build & na-
tional power grid operating at a hundred kilovolts, which on one hand sup- ::!
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plied transformer stations throughout the country, and on the other hand
was fed by merely three very large power stations with optimal conditions
for supply of hardcoal by rail as well as canal and sea going vessels (Doyer
1916). A few years later Doyer participated in the first Dutch government
committee investigating the feasibility of national supply. The Committee
presented a visualization of a national centralized supply scheme originally
been drawn by the so-called high-voltage committee of the Dutch association
of utility directors (Lely et al. 1919). Like the proposed Danish grid, the
proposed Dutch grid (Fig. 2) should be operated at fifty kilovolts or more.
The production of electricity was to be concentrated on few large power sta-
tions exploiting the advantages of using large turbogenerators and thus ex-
ploiting economies of scale (the government committee thought of seventy-
five megawatts power stations employing fifteen megawatts units). Such power
stations should be situated near the large western cities of Amsterdam and
Rotterdam, which were the largest load centres in the country, in Geertruid-
enberg, where a power station suitable for expansion already existed, and
near Heerlen in the coal mining district in the Southern Netherlands, which
had both a large load centre (coal mines were the most electricity-intensive
industry in the Netherlands) and possessed cheap fuel in the form of low
grade coal products. The design also included existing large power stations
in the Hague and in Zwolle, which had to be taken into account.

IV. The state as a non-actor

However, the question remained how such national supply schemes could be
implemented. Realizing that this demanded not only considerable financial
means, but also the unlikely co-operation of the different, previously indepen-
dent actors in one larger system, Faber as well as the Dutch government
commission presenting the above designs proposed to establish a state com-
pany, which was to build and exploit the grid and primary power stations.
In such an arrangement, rivalry between utilities would be eliminated, the
most economical supply of electricity for the country secured, and the finan-
cial hurdles acceptable.

This strategy had also been proposed by Klingenberg in Germany, where
different state governments now part1c1pated in building centralized systems
either through state companies or joint ventures with the largest utilities.
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Fig. 2. A national electrification scheme for the Netherlands. Source: Appendix to Lely et
al. 1919.

Moreover, the issue was also under discussion in France and Great Britain:
In France a 1922 Electricity Supply Act would authorize the state to organize
a co-operation between utilities to build and operate a grid (it could take
over these utilities if they failed to comply), and after the Second World War
a state company would be established by law to secure production, trans-















































































