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In Germany the electrification of the railways Hakn forced parallel to the reduction of the raylwmatwork
after World War Two. In the 1950s the network dadattified lines grew slowly up to 2000 kilometrésid not
before 1960 theDeutsche Bundesbahstarted a more intense electrification progrant tesulted in 9000
kilometres electrified railway lines in 1970. O seeracks the Bundesbahn run three quarters waaports.

This progress is modest compared with the greajrpss other countries had made electrifying treeiweays
in the same or a earlier period. One could mentii@n Switzerland or Sweden, but also France, edpedis
South, and Italy. Sometimes their electrificationgrams reached back to the 1930s and covered rogepe of
all tracks in the 1940s. The delay in the eledsaiiion of the German railways is astonishing beedbsrmany
once had been the leading country in the technadbgyectrical railways.

Indeed, the idea of railways powered by electrigtyan old dream in Germany. Already in the begigrof
the railway era technicians and engineers expetedewith different kinds of railways like railway®wered by
compressed air or by a mechanical drive. Also s@mperimented with the just discovered forces of
electromagnetism and tried to make use of themdiitway engines. One example of this were the erpants of
Johann Philipp Wagner, a Frankfurt citizen and lkeeker, who presented a little electric mobilehia tooms of
the Physical Association of Frankfurt in 1836. Herldred that his facility had run successful upte week
without any problem. One should mention that Wagbelong to the pioneers of some electric technical
instruments and facilities in Germany and he gaitterl knowledge for the making of several inventioms
laboratories of the Physical AssociatioHlis interest had not been technical progress alBoethe use of new
technical facilities for the support of special igbaelationships. As president of the businesso@asion
(Gewerbeverein) of Frankfurt he had been interestedcheap power machine which should enable uhave
of small industries that could not afford steam aes. His experiments had insofar the goal to ldgvan
electric motor that could be an alternative to skeam enginé However, he attracted a lot of public attention.
With excitement members of the Senckenberg Soaktyatural Sciences (Senckenbergische Naturforsigen

Gesellschaft) wrote: “That such an apparatus coetpatth a steam engine of equal power, would be hesvy,

! See Heinz Fricke, 150 Jahre Physikalischer Vefeamkfurt am Main. Frankfurt am Main 1974, 44—-46d &hysikalischer Verein, in:
Frankfurter Jahrbuch 7, H. 17, 1836, 105. For Wagee Wihelm Stricker, Nekrolog des Herrn J. Phgiéa, in: Jahresbericht des
Physikalischen Vereins fur das Jahr 1878/79. Frahkfm Main 1879, 18, and Helmut Lindner, Stromzdtigung, Verteilung und
Anwendung der Elektrizitat. Reinbek bei Hamburg 198588. On the background see Ralf Roth, Stadt umdeBiium in Frankfurt am
Main. Ein besonderer Weg von der stédndischen zalenm@n Birgergesellschaft 1760 bis 1914. Miinche,1382-394.

2 For a description of Wagner's experiments see mi€rnst Neef, Uber einen neuen Magnet-elektromafortrag vor der Freiburger
Naturforscher-Versammlung im September 1838, ifrcker ibid. 49-52. On the context see Jirgen Steemkfurt am Main und die
Elektrizitat 1800-1914. Die zweite industrielle Reamn. Frankfurt am Main 1981, 18-20, and ibidEine neue Zeit ...“. Die
Internationale Elektrotechnische Ausstellung 189ankfurt am Main 1991, 16-18.

1



I IRHA INTERNATIONAL CONFERENCE| RAILWAY MODERNIZATION: AN HISTORICAL PERSPECTIVE

smaller, and pretty much cheaper in purchase (Aaffaing) and support (Unterhaltung). Also its useulslobe
total safety and without any dangér”.

For making the bankers and merchants of Frankfurtalthy middle class interested in his inventioagfver
decided to make use of the “railway mania”, theb®tant excitement of the people for the new raiksviawythese
days. Between 1835 and 1840 Frankfurt got his fitvay connection, a line to River Rhine, the cailed
Taunusbahn. He made use of the mania in his own Wdthough | had solved my task by the constructif
my last machine (...) | saw myself obliged to fmdolution for this special application and go aheih the trial
of an application for a locomotivé.He was successful. Already in 1840 he run an ibettfacility on the rails
of the Taunus Railway that transported no less fhartons of good3With some reason one could say that this
was the first electrical railway.

It were again the members of the Senckenberg §oafdtiatural Sciences who recognised the importarfice
Wager’s experiments. They discussed the resultpassked them to a broader audience. Also the lshess
association supported the invention of his pregidempressed by the successful experiments repiabes of
the both associations asked the municipal goverhwieRrankfurt, the senate, for an interventiorihat German
Union (Deutscher Bund). The German Union had beeanamon political organisation of all German stadés
that time. His seat had been Frankfurt. The sestatald make the Union becoming interested In tkerition of
Wagner. That was why Wagner’'s electric motor becanstate affair. The senate took over the ideahef t
petition of the associations and between 1840 &4d he applied at the German Union for a protectibthe
invention of “Mr. Johann Philipp Wagner, for makiage of the electromagnetism as power for engihes”.

Although the system impressed the engineers arattdt a lot of attention it failed proof by a commgmon
of the German UnionOeutscher Bund The reason for the break down of the Frankfigionary attempt of an
early electrification of the railway system was tlnesolved question of electric power supply. Thiergcsts in
the commission drew the conclusion that the ruaroklectric motor dependent on batteries would teslve
times as much as a steam engine of comparable 6lids was the end of the Frankfurt dream and thetet
railway before the mid of the nineteenth century.

The solution of power supply had been solved by n&feron Siemens twenty years after Johann Philipp

Wagner. So it was Siemens, the founder of the Sisnieist, who once again proposed electric railwtags

3 DaR ein solcher Apparat, verglichen mit einer Dangschine von gleicher Kraft, im Gewicht viel geyém, im Umfang viel kleiner, in
den Kosten der Anschaffung und Unterhaltung vieh€Meiler werden wird, und in seiner Anwendung da@lkommenste Sicherheit vor
jeder moglichen Gefahr darbietet.” Senckenbergisatiarforschende Gesellschaft, in: Frankfurter 3ather 7, H. 24, 1836, 149-159,
esp. 154.

Obgleich ich nun durch den Bau der letzten Maschimene Aufgabe als gel6st betrachten konnte &a)fand ich mich doch

aufgefordert, auch dieser speciellen Anwendungtdeioen Versuch der Anwendung auf eine Locomotiweanzugehen.” Johann

Philipp Wagner, Auszug aus dem Abschlu3berichtdem Deutschen Bundestag, quotated at Fricke, Phigsikar Verein, 60. See

also Christian Ernst Neef, Uber einen neuen Maggktteimotor. Vortrag vor der Freiburger Naturforsellersammilung im September

1838, in: Fricke, Physikalischer Verein, 49-52.

5 Johann Philipp Wagner, Auszug aus dem Abschlu@ftexior dem Deutschen Bundestag. Quoted in: Heiiekér Physikalischer
Verein, 60.

5 See Protokolle des Deutschen Bundestages, 5n8i&i@4 vom 25. Februar 1841, Beilagen 1-5, andké&ribid. 56-58.

" See Protokolle der Deutschen BundesversammlungSiZing § 321 vom 3. Dezember 1840. For the dision at the German Union
see Lindner, Strom, 103-104, and Fricke, Physikaéis Verein, 52-54. In October 1840 the businesedsation of Frankfurt planned
the foundation of a shareholder society for thestrigtion of Wagner’s motor. At the same time thelyed for the engagement of all
German business associations. See Lindner, ibRl. 10

8 On the commission see Lindner, Strom, 106. Orptbblems of Wagner’s motor see Steen, ,Eine neite.Ze11-13. On the historical
background see Wilhelm Treue, Die Technik in Wint und Gesellschaft 1800-1970, in: Hermann Aulnid Wolfgang Zorn (eds.),
Handbuch der deutschen Wirtschafts- und Sozialgeseh Bd. 2: Das 19. u. 20. Jahrhundert. Stutth@r6, 58-60, and Carl Graf von
Klinckowstroem, Geschichte der Technik. 5. Aufl. Mtien 1972, 267-269.
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should run as elevated trains through the big<itiethe world. He offered this plan the first timethe Second
World Fare in Paris in 1867.

Indeed there had been an interest in such kindaibivays, especially for the city traffic market the
following decades. Because steam locomotives adfinoiiney had permanent improved in its performance
suffered, on some intern disadvantages. In therins it was above all the small effectiveness wlfydive per
cent (that could increased to eight per cent in1i®80s). This made the use of electric locomotatbiactive.
Their effectiveness were pretty much higher andccte increased up to 24 per cent after the problefrthe
beginning had been solved. Moreover they did natdneery much support and they were clean-exhaust.
Especially on gradient and curvaceous lines onddceee their advantages. Because their start ofbiymeance
was pretty much better than of steam locomotivestddver, electric locomotives could run forward aederse
without any problem and could easily be used agrgrdund railways.

But although the principle problems had been solvethe 1860s it was not before 1879 when Siemens
demonstrated the advantages of electric trainsibxperimental model in Berlin. But instead of évated train
that he had proposed at the World Fare he paveddlyefor the creation of tramways and run the fiirse two
years later in Berlin® The tramways were an invention that speedily heghltaken up for the traffic in many
European and North American cities and many inriomathad attached to the system in the United St&eeat
Britain or France. Indeed, with the tramways in ¢hig space began the metamorphosis of railways.

The tramways brought clear improvements in speetl teamsport capacity compared with horse driven
railways. They avoided numerous disadvantages @ifllssteam railways. They were free of smoke andabtqui
Strong in acceleration and allowed short distatetgseen stations. Also they were not heavy, theydceasily
be integrated into the system of streets and thajddit into the traffic flow of any city?*

But electric tramways were not sufficient for thaftic of big metropolis as Berlin, Vienna, Parislaoondon
and they conflicted with the street traffic by emp@mn and more and more dense frequencies of tihmis
resulted in traffic jams in neuralgic streets atates'> Moreover the tramways did not solve the problerfaof
distances in the growing landscapes of metropoliSesthese distances they were too slow. To sunthgpbig
European and North American metropolises needeckt rpowerful electric railways with higher speed and
capacity and tracks that were separated from teetst®

One and a half decades after Siemens first expetah&ain the creation of electric speed traingré) for
the use in large metropolises were developed tctiped use at first in New York and Chicago or lire tEuropean
capitals London and Paris but not in Berlin.

It were above all the young gigantic cities of NoAmerica that crew out of nothing and had beemrpid

with straight streets. This circumstance alloweel pfanners to handle the traffic problems in a yaggmatic

® See Hans-Joachim Braun, Uberwindung der Distanz;lams-Joachim Braun und Walter Kaiser, Energieohdét, Automatisierung,
Information seit 1914. Propylden TechnikgeschicBte.5. Berlin 1997, 97-149, esp. 98.

10 See Sabine Bohle-Heintzenberg, Architektur der BerlHoch- und Untergrundbahn. Planungen, EntwiB&jten bis 1920, Berlin
1980, 11.

11 See Karl Heinrich Kaufhold, Strassenbahnen im Behen Reich vor 1914. Wachstum, Verkehrsleistungsetiaftliche Verhaltnisse,
in Dietmar Petzina, Jirgen Reulecke (eds.), BevoiligrWirtschaft, Gesellschaft seit der Industrialishg, Dortmund 1990, 219-237,
and Wolfgang Koénig, Massenproduktion und Technildton. Entwicklungslinien und Triebkrafte der Techamikischen 1880 und
1914, in: ibid. and Wolfhard Weber: Netzwerke, $taid Strom. 1840-1914, Berlin 1990, 263-552.

12 See Erich Giese, Das zukunftige Schnellbahnnet&fdl-Berlin, Berlin 1919, 37.

13 Giese, ibid. 12.
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way. In New York, Boston or Chicago they constrdotdevated trains direct into the street spaceawittaking
into consideration the aesthetic shaping and tsiedis the trains put on the neighbd@rEhis did not meet the
approval of the people in the metropolises of Eardiiere the concept had been altered and eledttiéns had
been built as underground railways. Because thedlgmopulated city quarters with their narrow avidding
street system would have caused too much probleres transport facility of the American design. My had
been paved by railway planners in London who detnatesl the advantages of underground railway ajréad
the 1860s by the construction of the steam drivatrépolitan Railway? In 1890 followed the City and South
London Line the first electrified underground radlyv Paris and even a bit earlier the Hungarian Bitgapest
took this electric railway as model. In Paris @@mpagnie du Chemin de Fer du Métropolitéitetro) had been
founded and it could set the first line into busmat the World Fare of 198DBudapest opened its first line
already in 1896. The Parisian Metro developed th® most attractive traffic system of the city e tshort
duration of only a few years.

Even in Berlin that had experimented with an elegatain system the planners turned their atterttboan
underground (The decision making was acceleratettidoyprotest of many neighbours against the coctsbru of
the first line ofSiemen’s Hochbahngesellschaft

Around 1900 the city planners developed the plaa @éry ambitious network that in a bold vision ldo
have dealt with the traffic demand of a city of taillion inhabitants (at this time Berlin had inslue the suburbs
somewhat around three million inhabitants) withitalintern traffic flows. But at first the decréag immigration
and then World War One stopped these flourishimgafsies. But also the ambitious goals could ncadigeved
the municipal government and private enterprise8edlin laid ground for a very efficient and citgilway
system that served the demand on traffic of ainitye twentieth century very well. Electrifiedycitailways and
undergrounds as in London, Paris or Berlin had lweastructed in many European cities in the 192@s18€30s.

To summarise this development we have to considdrwe have a steady development of electric rgdwa
from the 1880s onwards. And we have to consider ieny of these lines had been constructed anthiet
business by independent private companies.

At the beginning of the twentieth century there baén achieved important metamorphosis of the asillay
the substitution of steam with electric power.He first run this found practical use in cities wheailways soon
formed a complex system with different levels andteof different functions. This was a clear distion from
the development on the electrification of the nadiorailway network in Germany. Although the newnfis of
railways had the potential for a second transparblution, the exciting possibility could only beca reality in a
very limited way. The state railway companies caudtl make their name as a shaper of the mas<traffi

At first the late beginning of the electrificatiaf lines between cities is conspicuous. The disoussn the
electrification of the whole railway network did tnappear before the end of the century. Then we havake

into consideration that the modern forms of raila/dike the electric tramways and urban speed rgiweeither

14 See Bericht Uber eine Reise nach Nordamerika un@€alumbianischen Weltausstellung in Chicago vom 36i Ms 5. August 1893,
Munchen 1896, 161.
15 See Giese, Das zukiinftige Schnellbahnnetz, 79.
16 See Julius Kollmann, Der GroRRstadt-Verkehr. Moderderkehrswesen der GroRRstadte, in: Moderne Zgitfr 3 (1905), 3—44, hier 10.
17 see Elfi Bendikat: Offentliche Nahverkehrspolitik Berlin und Paris 1890-1914. Strukturbedingungmsiitische Konzeptionen und
Realisierungsprobleme, Berlin und New York 1999, 4. 178.
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as concept nor as well running machines had beegiafged by the state railway companies. It wagdiselt of
private companies and their engineer capacity. tdtthe transformation and the discussion abowet th
transformation of this innovation to the stateway network drew out and astonishingly enough thezee less
interest of the state railways in an electrificatmf their far distance traffic network, althougkperiments show
impressively the possibility of a duplication cvel speed®

So the first initiative came from private enterpas And indeed they successful launched an intpubkc
debate. Huge plans for a high speed network otredeitains were discussed in Germany in 1893.h¢ time
newspapers wrote enthusiastic: “The advantagescthdt be expected from an electrical operationehlaeen
seen in the higher speed by save of row materidlgaaater safety in operation. It is believed #ated up to
150, even 200 kilometres per hour could be achieVld distances between cities and countries weaitish
even more than it is the case noWBut the project initiated by private investordddi They could not initiate a
broad movement with numerous committees that osgania campaign for the implementation of modern
railways as in the time of the railway mania in #f830s. Instead of this we find a small minded retile for the
financing of a reference and experimental line leetwBerlin and Hamburg and some fearful suggestionan
eventual competition between state and privatevagilcompanies.

Although the ministry of public work (Ministeriuniif 6ffentliche Arbeit) responsible for railways @éeped
the first plans for a German high speed networlelectrified trains, although foreign enterprisefedd their
support to the Prussian state railway, although eroos experiments showed impressive results - wst mu
consider stagnation in the development of a confmpthe electrification of the Prussian and otB®rman
railways. It was not before 1904, more than terryedter the initiative of private investors, whigre railway
minister of the German states organised a meetinthé discussion on electrification. There thetedoexplicitly
against the foundation of private railway comparfigeshe construction of electrified high speedways. It was
the Prussian ministry for public work were the patjthen “had been laid to rest” (zu den Akten gglelhis was
a clear decision against the chance for taking gauthe shaping of the future traffic mark®&The conservative
press applauded and argued: One would not haveedavut the nationalisation of the railways by “rimak
serious sacrifices” (mit erheblichen Opfern) to aleate this by the creation “of a competition”. Tir@posal to
“create an electric high speed railway by privaaital” must be “rejected in any case’This decision had
tremendous consequences for the German modermissHtrailways.

Before World War One we have to consider less @megyin the electrification question. Some progireskse
big project took place after World War One. Besilmme lines in South Germany it was especially the
electrification of lines in the surrounding of tpert city of Hamburg, the track between DessauBittdrfeld and

some lines in Silesia. In the 1930s the DeutschehRleahn worked intense on the electrification abanection

18 On the opposition of state railways against tretefication of their city network see Remy, DieeHirisierung der Berliner Stadt-,
Ring- und Vorortbahnen als Wirtschaftsproblem. Bet®31, 17-34.

19 Die Vortheile, die man von dem elektrischen Beteewartet*, schrieben damals die Zeitungen, ,beaiekich in erster Linie auf die
Erhdhung der Fahrgeschwindigkeit bei entsprechefaigparung des Rohmaterials und groRRer BetriebskieiteMan glaubt, dafl
Fahrgeschwindigkeiten von 150, ja sogar 200 Kilenéh der Stunde leicht erreicht werden kénntere Bntfernungen zwischen
Stadten und Landern wiirden noch mehr, als diesdetzFall ist, schwinden.” Die Eisenbahn der Zukuin: Westfalischer Merkur v.
19. Juni 1893.

20 5ee Geheimes Staatsarchiv Berlin. Rep. 93 (neu)8L553

2 Der Vorschlag, ,die Schaffung elektrischer Schreginen dem privaten Kapitale* zu tuberlassen, mdsskalb ,a limine abgewiesen
werden.” Elektrische Schnellbahnen, in: Deutschge§&Zeitung v. 9. August 1904.
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between Munich and Berlin. But nobody could asskas the technological leading country in Europk fir
behind countries as the Switzerland and Swederaty &nd France in the question of the electrifaatof
railways.

It was above all the Switzerland with a lack of lobeposits that invested on a large scale in etedilways
to make them independent from coal imports. Becaiighe geographical conditions electric power dolbé
produced relative chedpAlso electric locomotives had clear advantagegmlient and curvaceous lines from
which the Switzerland had many. Already in the 1®&Wwiss electric locomotives achieved more than0400
horsepower around 1000 more than the average stegines. And already in the 1940s ninety per cénhe
network had been electrifiéd This was absolute contrary to the German situatiere the Deutsche Reichsbahn
shrank back from the enormous costs for the coctstru of an electrified network. Instead in further
development of electric locomotives the Germanvayjis experimented with diesel engines or a comioinaif
diesel and electric drives.

So we have the astonishing situation that the rdfieetion of the German railways had been onlylafal
importance for a long time. In a once leading coufdr the technological concept of electric raijwave can
consider serious attempts for the electrificatibringortant parts of the whole network not befdne 1960s as
mentioned in the beginning. This was nearly onedheah years after the visionary project of Wernern $iemens
at the World Fare in Paris.

What was the reason for this enormous delay? Ifitdrature one could find military suggestions amgues.
The destruction of the overhead cables would ldmenthole track. This is convincing but it is alsoet for the
tracks itself.

A greater role played the argue that two lost wHrs, wear and tear of the railway stock and thé& lafc
capital for reinvestments because of the repammt@armany had to pay to the allies ate up the ressuwhich
the construction of tracks and overhead cablegadth But what then about the period before the?viot the
war and its aftermath stopped the electrificatibrwere the German railway ministers itself who wkd less
interest in this kind of modernisation before WoNgr One.

So in my opinion there exists a third line of arguntation to explain this phenomenon. On the natitava!
the state railway companies were focussed on codileamain deliver of energy. In countries like 8emand the
Switzerland the substitution of expensive coal hgap electric power seriously decreased the opgrabsts
because water power enabled cheap production difriel@ower. In Germany we have a the contraryasiom.
The large coal resources of Germany seems to hadireargument for the preference of steam locorastfor a
long time?®

But this was a short running view. Because witls tecision the range of speed of German railways
stagnated at 100 and max. 150 kilometres per Hdus. was not much enough to compete with the irsinga
possibilities of air traffic. Also it was a speetingnsion that could be reached step by step bynalides as

second competitor of railways.

22 5ee Ralf Roman Rossberg, Geschichte der Eisenb&hriNéuaufl. Frankfurt am Main 1984, 280—282.
2 See Braun, Uberwindung der Distanz, 98.

4 See ibid. 99-100.

% See ibid. 99-100.
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Indeed after World War Second the political supdrthe private vehicle traffic by street constiantand
low vehicle taxes dominated the flow of investmeim® the traffic sector with the consequence ttie
electrification of the railways again became dethyp to two decadés.

The consequences were tremendous. Between the 28805970s there had been an enormous decrease in
the importance of railway traffic in the society\Western Germany. This trend was of course noquéatiity of
the German railways. Similar tendencies could hmdoin many Western societies. But one reasorhspeedy
decline of the once so mighty railways might bet tth@ German railways could not make advantageigi h
speed traffic beyond 200 kilometres per hour. Agsult for the electrification during the 1960s Berman
Bundesbahn reached the 200 kilometres per hourimangl surmounted it in the 1980s by the implemntésriaof
the ICE trains.

This progress came too late. Meanwhile other tragfistems had come through and dominated thectraffi
market. Of course a decline in the importance divey traffic would not have been hindered by elechigh
speed trains in an earlier decade. Beside the spegé there have to be taken into consideratibergiroblems
and disadvantages of railway traffic as the lowsitgnof the network and the less flexibility of poito point
connections. But the starting position for the figlgainst meaningless of railways and for a reaaiss in the

1990s would probably have been better.

26 gee Walter Kaiser, Flachendeckender Verkehr adeh aEbenen, in: Hans-Joachim Braun und Walter KaiBmergiewirtschaft,
Automatisierung, Information seit 1914. Propylaeschinikgeschichte. Bd. 5. Berlin 1997, 426-454, 428.
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