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Abstract-.

Thia io a study in the beginnings of an industry* Tho electrical 

industry was chosen for two reasons. Firstly its otory is that of the 

beginnings of ths substantial economic application of a new technology* 

Secondly it was an important industry in the British economy at the time. 

It has sometimes been argied that the slow growth of thia industry is on* 

of the reasons for tho slow growth of the economy. Thus the material 

has been principally organised around two matters, innovation and 

technical progress, and the allegedly slow growth of this industry in

3ritain before

Tho electrical industry has been widely defined. I havo taken

the three principal uses of electricity at the time, lighting, traction
1 

and (non traction) motor po?/er, and looked at the introduction and early

growth of electrical methods. Thus the industry is defined within 

technological boundefcdes. I have included electricity supply, electric 

traction and the manufacture of electrical machinery - all of which could 

be treatod as separate industries. Thus I have dealt with heavy 

electrical engineering, and have ignored the light electrical engineering 

of the time, v/hich ^7as connected with the use of electricity for telegraphs

and telephones. Elccto.bhcsrJ.stry has also been ignored as the scarcity
'^.^ 

of cheap water power in Britain xaaJo it unlikely that it would develop to

any considerable extent in Britain.

Roughly speaking, electric lighting, traction and power were 

now methods of -providing exist ing products, light, rail transport (by

1. Principally factory motors. For convenience electric power is 
generally used to refer to non traction electric motor power.



train or tram) end factory turn r*'0r. Therefore in Chapters 1, 5 

and 6 Z have looked at the cost of the new electrical methods compared 

with oxisting methods, or iLore accurately have tried to see what resources

T/ould be saved by using electricity.

Eovrsvsr cne cannot oxj/eci* the only reason why new technical 

developments were (or were not) edoptod, or adopted quickly or slowly 

to bo tha-fc they did (or did. not) cave resources* Thus I have locked 

at other variables, like the rat© of £jrovrth of the econonjy, the timing 

of cyclical fluctuations, legislation <a;d relations between business 

and technology* Attempts have been oalo to illuminate the English 

experience by contrasting it with the situation in the united States*

1 In Chapter 1 I have argued that tho principal reason for the 

aoparant failure of the attempt to establish electric lighting in this 

country in the early 3J800s was the low price of gas. As the price of 

electricity relative to gas fell during the !G3Cs and 1890s electric 

lighting became rnoro widely used. However it does not seeji to have 

been until tho introduction of tho metal filaoient lamp in the years 

19C8 - 10 that electric lighting ha& the same advantage, relative to 

£03.that it seems to have had in the United States as early as the 

middle 1330s. Also the slower rate of urbanisation in Britain compared with 

tho United States, and tho timing of tho cycle affected tha rate of 

adoption of electric lighting* Chapters 2 and 3 deal with the use of 

electric lighting whon electricity was provided from a central station*

In Chapter 5, Section 1 I have argued that electric trams oavec
t

resources, but that their adoption was delayed in the early and middle
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nineties* by the effect of the Traisvay Act, the unprofitability of horse 

trains, the lad: of interest of home electrical aianufacturers, the 

attitude of the municipalities and their relations with Joint stock 

enterprise. I have argued that the boom in electric traction 1B97 - 1903 

was stimulated by the building cycle, the rising demand for transport, and 

the entry of American fires. After 1903 the booa died away as demand 

had been satisfied. Demand rose only slowly as tramways do not appear 

to have stimulated suburban building in the short run. In Section 11 

Z have discussed urban electric railr/ays, particularly the London 

Underground* I have stressed the importance of American engineering and 

enterprise in promoting resource saving innovations* I have also argued, 

althou;,h the matter is complicated by questions of lay out and fares that
i r

the low profitability of urban electric railways showed that d&uand was 

limited* In Section jjljt I have tried to show v?hy the suburban lines of 

main line steam railways were only slov/ly electrified* I have argued that 

electric traction v/culd have only been adopted had it been capital saving* 

Whore tracway competition made capacity redundant, electrification was 

not worth while.

In Chapter 6 I have examined factory electrification* %

tentative conclusions are that while electric transmission of power was .
t 

probably on balance fuel saving, its capital costs v?ere greater than those

of inechanical transmission before 1901 - Op, althou&h after that they wore*. 

on balance, as low. However the evidence suggests that substantial resource 

&&viii£ would only have accrued froia electrification if, it had taken place 

in conjunction with other changes in the techniques of production* However
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there are enormous difference between industries and on important reason 

for tho apparently slow rate or factory electrification in England is 

that its advantages were porhaps least in two of the great power using 

industries, textiles and raining.

In addition Electricity supply and the i&^nufacturo of electrical 
machinery have been doalt with in some detail. Their combined influence 

on the coat of electrical methods was very great. Costs in these sectors fell 
regularly na the process of innovation continued. The prices of other 

inputs of electric lighting, power and traction generally fell lees than

thoas of the products of those two sectors. Also they held a central
< 

position in the process of innovation* Moot innovations were adopted
\

on their initiative, and they were responsible for making adaptions to other 
machinery and to buildings*

The electricity supply sector is dealt with in Chapters 2» 3> 4> 
9 and 10. In Chapters 2 and 3 I have locked at the general development of 
«leotricity supply lordly by discussing the aajor innovations and trying 

to seo how their adoption mi^ht have reduced, or did reduce, costs. I hav« 
also tried to put the story of the beginnings of electricity supply on a 

eound statistical basis by constructing time series of investment in 

electricity supply and sales of electricity for lighting power and traction. 
Chapter 4. deals with the attempts substantially to increase the area of 

supply and shows how tho only succs&wful attempt involved come important
innovations. Particular attention has been #ivcn to developments in

i electrical machinery. This is partly because the makers of electrical
*-.ehinary have also been dealt with in detail.
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Chapters 9 and 10 are on the <    * > trol of electrical utilities 

end their pricing policy. It has often I"-on said that legislation 

dolayod the development of the industry and Chapter 9 is ^ attempt to 

oxrniin<3 the inadequacies of the publio utility control at the tijno* 

It ia shown both that it worked very crudely, and thrxt it had a tendency 

to keop profits low by keeping costs high. In Chapter 10 it is shown 

that thd usual pricing system of electricity supply undertakings was based 

on a theoretical misconception, and that it could lead to distortion of 

resources. The pricing policy of electric traction undertakings is fchcwn 

to be perverse because of the attempt to help workmen to live in better 

houses.

The makers of electrical machinery are considered in Chapters 

7 end 8. Three important issues have been dealt with, the process of 

innovation, the question of new entry into this new industry, and the 

workings of competition* The three era intimately connected* Innovations 

in machinery often involved the entry of new firms. The workings of 

competition taken together with the nature of tho cyclical fluctuations in 

the demand for electrical machinery, reacted 'on innovation. The speed of 

innovation affected the v/ay competition worked. I have also discussed the 

effect which tho British capital market had on the electrical manufacturers*

Chapter 11 contains two sections* One is a summary of the 

;-.'o«.'ji33 of innovation in the whole electrical industry. The other is a 

sketch of the financing of investment in electricity* I suggest that
/

borrowing was only difficult in scms sectors. ;

The methods of calculating some of the Tables are in an Appendix. 

There ia also a Technical appendix explaining some of the engineering matters*



Chapter 1. 

Electiio LJKhtin/r; *. Ho early days*

One of the earliest ways in which it was thought electrical

energy could be used was in electric lighting, Aa early aa 1808
1 

Sir Humphrey Davy demonstrated that it could be used for arc lighting.

lie produced an arc of intense brilliance by touching and separating 

two carbon rods connected to a huge primary battery* Ho also shewed 

that various materials could be heated to incandescence by the passing

of electrical currents and concluded that carbon and platinum wires
2 

could probably be used in this way to make a light. From these two

forma of light were developed the arc and incandescent lamps respectively, 

which were used up to 1934 for lamps of large and small intensity. The 

arc lamp has subsequently been replaced for all but a few uses, but the 

incandescent lamp is still used for much interior lighting. In Davy's 

time there was no chance of electric lighting being used commercial^. 

The incandescent lamp had still to be invented, and while the only
 j.

source of electricity was the primary battery, the cost of elcctrio
- e,

lighting was prohibitive. The solution to this problem was the 

invention of a dynamo, but many years passod after the discovery of 

electro-magnetic induction by Faraday in 1831, before auch a source of
I

1. 11.C. Passer. The Electrical Manufacturers 1873 » 1900. 
Cambridge, Uass. 1953. P,U.

2. Ibid. P,?5.



of energy could be used to produce electricity at a cost which mado 

electric lighting conmercially possible. A small generator was 

constructed by Pixii a year after Faraday* a discovery, and larger ones 

followed at intervals. But the important developments were made in the

sixties and early seventies* In 1360 Faccinottd developed a ring wound
1

armature, but this important development was largely overlooked* In  

1866 - 7 Werner Sieicens, \7heatstone, V&rley and Y/ilde, working from an

idea of Wilde's, constructed generators which operated on the principle
2 

of self excitation* This meant that they could generate the current

for their own fields and made the construction of powerful - but 

relatively small - dynamos possible. This very important stop forward
* .

was consolidated by Granais who in 1870 rediscovered ring winding and 

ccdbined it with the principle of self excitation in the construction of 

a dynamo which was the first to have good commercial prospects* Three
\

years later von Hefner Altencck redesigned the Siemens dynamo wiiich had

the same economic advantage as that of Gramme*  
\

The question of providing cheap current having been solved, 

the other leg of the basic technical problem, the construction of good 

lamps, could proceed without delay* Some work had been done before the 

1370s on arc and incandescent lamps but it had not been very successful. 

nor had it been pursued with such energy as r;aa to go into developments 

in the late seventies. Davy hod used soft pieces of charcoal for his

1. J.A. Fleming. Fifty years of Electricity  London 1921 B? V7 & 109-110

2. Ibid.



lamp and these were rapidity COT 1 by the passage of the current. 

Uoro suit able electrodes had tc devised which burnt more slowly and 

also BOEKJ method of maintaining > aro of the sacio length when tho 

electrodes were consumed* In . ; ' : -5 J*B«L* Foucault had produced a self

regulating aro lamp and in the 1^ 03 this had been improved by tho solenoid
1 

controlled clockwork mechanism of V.L*M» Serrin* In 1BJ6 a Frenchman*
2

Carre, produced carbon electrodes which lasted for a reasonable time*

In the late seventies a large number cf regulating mechanisms were also 

devised.

Incandescent lighting became ccxxnercially feasible at a slightly 

later date* In the 1640s the invention of the Banielli, Grove and

Bunsen primary batteries aroused a 'burst, of activity directed towards
3

producing an incandescent lamp* But tho inventors were handicapped by their

inability to produce a good vacuum* Without it the incandescent element 

fused and the activity of the 40s subsided without having achieved anything*

But in 3S65 Sprengel invented the mercury vacuum pump and in 1873 Si*1' 4 - ' '••;> ' ''   
William Orookes obtained an almost perfect vacuum with it* This

together with the new dynamos of the ear^y 70s induced another, this time ' 

successful* burst of inventive activity. J*W* Swan, who had done some 

work on the incandescent lamp in the 40s, returned to it*, working in  "  - 

conjunction with C.H. Steam, who had been making experiments with a 

vacuum pump and by December 1873 had shown a practical incandescent lamp

1* J.A. Fleming, op.cit., p

2» J.A. Flemng. op*cit.» P 150

3« A. A. Bright Jnr. The Electric Lamp Industry. New York 1%9.FP 36 - 40.



1
to tho Nowcastlc-upon-T^n^ Chemical Society* 1379 h^ spent lr,Tproving

tbo f iltsoent end tho exhaustion process &n£ by early 1030 hfl
2 

convinced that tiio letotp woa a cocueroisl proposition. Edison had

etnrtcd work on invemting nn inur-r doocent Iwnp in tho rutucn of 1877»
\

At firot ho attempted to uao ft platinum fil/uiaent but thin larn^, brought 

out in October iDTS/^as not a suecoas. Howavcr, ono year later bo 

produced a successful c&rbon $ ilaisont Itamp* Other tomntors *mra 

worldUii; on en inoimdosjccnt lr*np at the »a»3 time 3 in England St. Goor/'O 

Lanc^Foit produced a lacap with filament c£ platinum - iridi^a in 1378 tut 

two ye&ra later followed Sell son and -wan with a carbon filcmcnt. In 

the United States Hiram S. Uoxim mid William Stayer worked on the Iftiup
i '

end by the end of 2B80 l^dja had produood a succoc,jafiil ona*

Those dovclopsentii arsd invontiona had brought «J.ootrlo lighting 

to tho threshold of coaz^rciftl dcvolojsnent* How w« can consider this. 

Arc lighting was uacd first* It had even been used at South 

Fcro.and Lifththouoa ao early as 23£3, but It had boon both expensive and 

technically uncatiaf octory. Hcwover ix^ 187/ trinity Houoo node 

erpcri^enta witn th@ net? Gra:^no and Sieir^iui dynaaos, ThG Sicmcno machinoa

worked particularly trolly they ccfit leaa than a fifth or the coat of the
2-

South Foreland type djxuxaoa and ^avo 3,(5 * 4-4 tiraos tlio light. Electric

limiting craa uaod tit tiio Lisard in 1079 ssnd cost only 24^ of the egaount 

oil lighting had cc.rt* At Sout^t Foreland it had coot throo tiooo em raich.

1. J.V« _r«<mv .. ^ A '^'^oir K.H* eixi il.S, a?an. EP 62 - 4.

2. Jt.jfl. P 70. - .

3. Jlojjoirt on tho Trinity Houso Testa. Telegraphic Journal. Vol. 5 EP 257 - 64.
4* Hoport of tiio Colcct Corsaltteo on Lirhtin^ cy Sleotrioity.

- 79* Vol. 2. <&s 457 - fe.



jos provided tha most favourable conditions for aro 

Compared with other sources of lirhtinp;, oil and gas, aro 

;s provided & relatively cheap lifht if very great intensity was 

required. But for small powered lamps gas was cheaper*

Apart from rathor special c-^ses like lighthouses, the obvious 

uses for arc lazapa v/aa for lighting streets, open spaces, factories and 

lar^,e public buildings* In the second half of the 1870s it WPS more 

expensive than gas for those purposes. A high candle power aro lamp, 

fiay above 1000 candle power ,was cheaper than a gas lamp of the same 

power* But as the power of the arc was reduced costs fell very little* 

Illumination, however, is not simply a question of the candle power of 

Isuapo. The illumination given out by a lamp diminishes by the square 

of the distance between the lamp and the object lit* A few high candle 

potf&r arcs would give pools of li.^ht with semi darkness in between. A 

large number of low powered lights giving the same average illumination 

would give a such more even distribution of light. If arc lamps were 

to replace gas lamps and give the same minimum illumination, the average 

illumination over the whole area lit would be much greater. . It follows that 

the greater the average illumination required the more advantageous it ' ' 

would be to arc lighting. .

In. the 1870s lighting standards were still fairly low. The 

streets in the centre of tov/ns were lit by low powered (often 16 candle



6. 

1
i>ov7or) gaa burners* Lighting was being improved by the introduction

2 
of new, higher powered gas bumex-s inado by Bray and Sugg, giving 2^0 *

i

250 c.p* But although towns were at tho tiaio prepared to pay oore for 

some jaare light, the jump to the aitount of light which faiily aven aro 

lighting would entail was considerable.
 

For interior illumination the situation was more favourable 

to aro lighting, because more light v/ae required and because tho inside 

walls by providing some reflection helped high pov/ered lights* Zn 

factories it could, in sorae c-a^ea, reduce costs by increasing tho 

productivity of other resources* Better lighting could iuprove the 

quality of work or speed up tasks. Overhead lights out of. the way 

of the machinery reduced the risk of accidents. . In theatres and indoor 

places of assembly arc lighting did not raise the temperature, In^any 

building where there waa a fire risk arc lamps were safer than gas,

Tho quality or the li^ht ^iven by arc lamps was open to some 

objection* It was harsh, bluish in colour, and threw deep shadows. Its

colour gave, human complexions an unpleasant appearance. It also
3

flickered in an unpleasant fashion* On the othsr hand it gavo a whiter

light Uian the yellow gaa lawga. Thus it vraa particularly useful in

!  The incandescent gas mantle was not introduced until 1805 and
scarcely used until the late nineties. The IS c.p* gas burner .,.«.;.
would give appreciably less light than the modern 25 watt bulb.'* • •

2. Sugg marketed the Siemens regenerative gas burner.  

3« "Twinkle, twinkle, little Aro / 
Sickly, bluo, uncertain u

Lines to tho Blectric Li^ht at the T.r.K. Ter:v.lnus. St. James * 
Gazette 13B3 - quoted in full by R.H. Parsons. The Sarlv days of the 
Power Station Industry. Cambridge 1939. P



establishments where colours had to be distinguished, for example in 

o.oth factories and drapers ̂ shops .

Even af tor tho improvements in dynamos in tho 1870s arc 

lighting was rauch too costly to bo uacd, excopt for special functions, 

llho lighthouse laaps. T.^is is clear from an exaidnation of the cost 

of Siemens &rc lighting, Siemens Bros, were ons of tho pioneers and 

their dynamos were perhaps the best and the cheapest on the market*

Th?y could draw, on tho engineering resourced of Siemens and llalske of
1 

Berlin, with whom they were very closely associated. Sir William

was a very able engineer indeed, and in the late seventies he
2 

made several important improvements to arc lamps* He eaw that the

eignif icance of arc lighting was that it could produce a light of

£reat intensity aiarc cheaply than gas. To give the best results aro
3lamps were placed on posts, 60 - 80 f t» high. Although in 3B79 and

1830 Siemens arc laxps were installed in a number of places, they wore, 

allowing for all the difficulties of Lieasureiaent, very ouch more 

expensive than gas lajups* The reason for this was that, like most 

of tho early arc lighting pioneers Siemens uaed a dynaxo for each aro 

liunp. Had this continued arc lamps would have bean very raielyused*

Sventuaily arc lighting costs we:e substantially reduced when 

l lamps wex-e ivoi froru each dynamo* This was successfully achieved

1* For details of the relations between Siemens Bros and Siemens & llalske
see J.D. 3co«t. Sitt;:;cnti Bros. I330..r..l8- Lor^ion

2. TT. Pole. Life of Sir v;, Siomop.s. London 10S3. P 247.

3« _IPid. ** P 256. V. Chew. 1^:1:^ or in^ 16 April & 19 November 1880.



l>y tho uao of hl£h voltage <2yr^roa. But they hod to bo developed, and

control Ucvicoii lar>roved so that laqpa could regulate themselves
i

individunily whon all wore on tho oor,o circuit* Two ayutemo or aro 

lighting wlilch attempted to roduco coots by aproodlng dynwno coata over 

oovorcul laapa wero introduced into Britain in the years 13?^ ~ i860* One 

c,'.,xo from France} one frou the Cnito Statcaj one waa a failure; one 

waa very ouccoosfui.

The foraor, and tho first to co;ao to this country waa the aro 

lifting ayctea of Paul Jabloclilcof f, a Husolan gray engineer who had 

aettlcd In France* Hla syistcra woo claplo, rottuat and Inexpensive to

canufacturo* In the place of tho usual lamp with ltd expensive olock*
2 

work rocohaniaai he adopted a "can^lo" type loszp* It worked at low

voltage and aix "candloa" wore connected to each circuit* He uaed a 

Graooe alternator wound oo that it could feed aovoral circulto. Thua 

Jablochkoff waa able to u^o 321 existing type of dynamo and spread tho 

heavy dynriiso and pr&ao znover costs over coany lights,

Tha candle power of the "candles" waa low - J5G  * 200 o«p» 

This was useful, for the loprovod g&o lasapd cooing la at tr<ia tlioa ware of

1, 43oo Technical A-pci.cl.ix pilfer details, and an explanation of tho 
electrical terns used.

2* Tho "oandle" cooai^ted of two ro£a of car&on placed parallol and
6dj;-arated by en iniiulatin^ atrip of kaolin. Tho aro started at the 
top and travelled doTmwarda &$ tho carbons woro burnt and the 
jaelted*

3» It waa effectivoly a polyphaoa cao^iino, six "candles" beins connected 
to each phase* See Technical a



tills potter* But unfortunately tho ua« of e>rc lamps of ouch lo«r power 

oarrifiood the opooial advant^ao of arc li&htii%. For Jabloqbkoff'a 

"candles" \Yero *aore c::p3nalva than the ncv? 4 ;au burners*

Table 1»

Costa _of. . JfMocsteff ix arc , li^.ht in? L and .. Roa.JU.ftht infT> . 

1. Coat of Joblochlcopp arc lighting

Total cost except for carbons, por lamp hour d.

Costa on iho K^anl^nont 3,8 4.4 
actual runriiiig A oatis^ted capital coats 
ditto plua oati.'aato of extra

cost to icaako inatciiaticrx poraonont 4*5 5*4 
i$r eotieaates for a 60 li^ht atfition^ 
tho bigt.cat cno built 2*0 2*2

2* .-•'.*••';•• •- • • Carbon costs per lanvp hour - : ; '
• ' .

1877* 4.7fl.5 lat« I879t 2.031.1 lato 1800,i '
3. ; ' / •- - ' ' ' - •"--• ;-• , ' 
Coot of Su£S goa burrsers.

Total coat per laas> hour d* asoufoins px'iea of gaa was 
Pcr ^G;;0 cubic

flours li^tin^ por annuau

> X740

265 o.p. burners 3«7 4*0

Sourceat T.^. Koato. Metropolitan Board of Worka*
Biacicpu.-l gaa engineer. 

*" ovidonco to tho 3^79 Soloc
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Aa Tablo 1 showa carbon coat a alone t»cro little Ic33 than tho 

cost of equal power £r.s bumera, thu^ ©1th' u^ capital coats weze apreed 

r/idoly end kept down by oi&H lo apr aratus, thcro waa only a email

botnoon cnrbon and total gad cotita for othor olcotrio limiting\ '* \
to fit in* Capital and fuel coots wJuld havo fallen in tin* aa cheaper

\ ?
and more officiant £yn£&os vrcrc xaade* But it io unlikely thr.t oarbun 

coot a could have boen further reaucod» or that mare than 60 iampa oould 

be connected to one goner^tor*

Jablochkoff arc lighting %ras a failure beccuso it did not use the 

ocoparativo advantaBO of aro lighting *» tho ability to ;jproduoe an intonao 

li^ht very cheaply* Bat it ̂ aa a bold attempt to produce a corsueroially 

viable eyatea* EconocDlc considerations wore clearly to tho fore* Using 

an existing generator and a sisple rugged Icunp might in other ciroumatancea 

have been a groat success* £3 it wr,at it ^ao too crude to be farther 

dcvolopoi to the point whcrs it L:d^ht become choap cnourji. Using a Cratdot 

dynauo coatdttGd Jcblochkoff to loir voltc^o, vmicli itwcro incffioioat. 

Tiie candle woa eicr^le since it rociuired no oooiplioatod food occhaiiifia, bat 

it nocdcd a,c, which waa then core costly than d.c» Because of poor 

insulation, wnich could not bo lw^ovod> it uau era&toful of current.

Jablochko f arc li^htin^ waa exhibited at the l^e^t India Docks
1

in 1S77« Howsvor the firot jjnportcjit ii^tallation was in Pariaj the

Avonue de L'Opora waa lit by Jablochkoff "candles'1 eooe time before a

poroancnt installation wa^ r.^dc in thio country^ and xnany Englishmen vent 

1. rjr* Vol* 5 &50. July 1877.



to Paris to study it. In 2QJ8 the Societe Generals do lf Electricity the 

manufacturers of the "candles", was ablo to percuade the Commissioners of 

Sewers of tho City of London to try the new lighting for a period of 

three months on Holborn Viauuct* The experiment ?/as not successful; 

there were many breakdowns and it was very expensive. At the end of 

three months an offor to continue the lighting at half the experimental 

price was refused. However in Deceaiber 1878 the Metropolitan Board 

of Works also decided to try the light and 20 lamps were put on the

Embanlonent. This installation was more successful. It lasted for
2 

several years and tho number of lights was increased to 40 in March 1S79*

50 in October 1879 and 60 in January 1880. After 2^ years there had 

not been a single breakdown. In 1879 several small Jablochkoff 

installations were made, and at the end of the year it was estimated that 

165 Jablochkoff lamps were in use nightly in England.

The second, and successful attempt to reduce costs by the use ,: -..<<-,I . 3 /   ; >
of multi-arc dynamos was that of C.P. Brush* Ke sav; that the key to the

S~ 
..,'''*-»- / 

»} ..   ''
problem was the dynamo and developed a lii&h voltage machine which would   '

4   rK servo several arc lamps in series. Foz1 his lamps he chose a power of
5 

1000 c.p. This was in between the very high power of Siemens lamps

! / • • • • .

1. Evidence of Colonsl Ilayrcard to the Select Committee on Lighting by 
Electricity, g.P.P. 1873*5. Vol. 2. QQs 2074 * 95. ,

2. 'R.H. Parsons, op.cit. P 5» .

3* For a detailed account of Brush*a work sec H.C. Passer, op.oit. Chap* 2*

4. Soe Technical Appendix. . ,   _
i 

!

5« They were 20CO rnauiraal c.p. Actual candle powor \vas about half the 
no:.:inal value as nominal candlo power v/as obtained by putting the 
carbons in an abnormal position.
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(3000 c.p,) and the small power Jablochkoff "candles." Thus the relative 

advantages of arc lighting were kept, but it was more suitable for general 

lighting purposes than tha Siemens lamp, The Brush lamps were simply 

regulated and robust. The light wau not as regular as that of some other 

lamps with more ooiLplex regulating mechanisms, but Brush improved

matters by manufacturing his own carbons, which were said to be the best
1 

on the market. By using a double carbon lamp which burned for 16 hours

labour coats were reduced as carbons no longer had to bo changed during 

the night* Brush's dynamo was also more economical than moat* An 

additional advantage of using high voltages was that cable costs could b« 

very much reduced.

As Sable 2 shows Brush1 s innovations reduced the cost of aro
\ • ^

lighting to a point far below that achieved by Siemens. In January 1380
2 

the Anglo-American Brush Electric Lighting Corporation was formed* The

commercial story of arc lighting in Britain dates largely from then.

Incandescent lighting was used commercially very soon after arc
' i

lighting. Unlike arc lighting the po.vcr of the lamp was small, the »ame 

as that of the existing ordinary gas burners. This was intentional* 

Although Swan's first lamps were about 25 c«p. he soon reduced them to 

16 c.p* Thus incandescent lamps fitted directly into the existing 

lighting market and the costs of gas and electric incandescent lights > 

were directly comparable in a way that gas and arc lighting costs wax*

1* R.E.B. Crompton* The Electric Light for Industrial Pusposes* 1880, 

2* Henceforth referred to as Brush*



Table 2. 

Costs,of various arc li;;htinF. systcms  

per lamp (excluding

Jablochkoff 
£ 
8.8

23.0

10.0

t 19.5 n

erection Costa)

Sieaions 

120.5

114*0

21.0

94.6^

Brush 

30.3

25.0

22.3

12.3

Dynamo . /

Lamps

Cables

56*3 350.1 89.9
2* Running co3ts per lamp hour d« (labour is excluded. If included 

Brush results would become even wore favourable.)

Jablochkoff Siemens Brush

Fuel 

Carbons'

Number of lamps 
per aynano

Cebdle paver . ' .-  ,*. 
of lamps 150 3000 1000

Coal prices vary, but this makes little difference.

Sources) Jablochkoff. ?.W. Keats. Evidence to the Select Committee on
1 . Lighting by Electricity 3379, corrected 

- . to filler for full employment of capacity.
Siemens. Crowpton. jjlectric Lighting for Industrial Purposes

Chow,'

2878 - 9

0.69

1.33

2.02
•> :

20

2879

2.65

5.5

8.25

1

2JB80

3.27
2.73

6.00

1

2882

3.78

2.27

6.05
. , j

1

2881 2882

0.69 0*50

•• -.\ ... * • ' *>.•?•

16 32 .'•?•-.

  Brush Elect. Vol. 9, P 355. 26 August 2882. 
,»-! v; - - Electric Light 2B June 2886.



not. But the question of whether people were going to use gas or 

electric lighting was not entirely a question of their relative costs* 

Klec}.rical incandescent light had quality advantages* It gave a steady 

light compared with the wavering light of tho goa jet. It did not
\

produce as much heat for a given quantity of light <  well lit gas lit 

rooms became unbearably hot at times. Also gas produced fumes v/hich 

were unpleasant, and as it burned it vitiated the atmosphere and blackened 

decorations. An important advantage was that electric incandescent
.!

lighting was the only form of light which was not a flame light and thus 

had a lower fire risk than any other type of light. In buildings with 

a large fire risk only electric incandescent light could be used. The
\

higher quality of incandescent lighting affected the degree of substitution 

between incandescent and gas lighting. It was not perfectly elastic 

because people with different incomes would change from gas to electric 

lighting at different levels of the price gap (electricity exceeding gas) 

between them* If the two forus of lighting cost almost the same amount 

there was little doubt that electricity would bo chosen. When Edison made 

A survey in New York he found that at ngas price" nearly all consumers 

prefered electric lighting. The amount by which electric lighting 

costs would exceed £as costs and yet prosper, depended on tho excess which 

people were prepared to pay for this luxury light. But clearly when the 

pricoB of gas and electric lighting were not dissiiailar there would be 

high elasticity of substitution between the two. If such a price parity 

could be achieved for electric lighting it would inevitably spread into * 

wide market. Without achieving this it would satisfy only a small luxury 

need*



1$,

Inventing the lamp was only one step in the introduce'on of 

incandescent electric lighting* Existing arc lighting dynamos designed 

to operate at a constant current were unsuitable, as incandescent lamps 

required a constant voltage.

Also the type of distribution system used for arc lighting wae 

unsuitable* On a series circuit lights had to be switched on and off 

together* For street lamps and factory lighting this was not a major 

disadvantage, but it clearly would, have been for incandescent lamps where
' ''

many more would have to be connected to each dynamo for the light to

be sufficiently cheap, and where intermittent use was more clearly desirable.

Being able to control lights individually would economise on both
1 - .. _ -:-.- >..-:, V

capital and running costs. i 
• " :'-,-•• '• . •'. ••..'••• 2 >;V; . V 

The only way to do this was to connect lamps in parallel. ; •/ ••*.-',"..
Parallel connection could however involve very high conductor costs, 

if the operating voltcga was low* The construction of a lamp for a 

high voltage circuit was more difficult than one for a low voltage* 

The first laops ran at 50 v. but lighting costs were much reduced when 

lamps for 100 v* circuits were developed*

1. Capital costs because the probability that all would be 
switched on together was very

2* See Technical Appendix." *
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Tho beginning of the introduction of ore lighting in tftia

country coao in 3B79* It was a year of lighting exhibitions, and in
1

tho course of ths yoar nearly all large tcrama had exhibitions of aro lighting.
2

Parlia-nent appointed a Select ConTiitteo to consider the iiloce of electric

lighting in the econon^r* But although tho interest waa ereat, very 

little had be«n done and the coasittee did not fool th&t the tisa was; 

ripe to give any general pocrcrs to electric lighting cosop&niea to 

undertake public and private lighting*

In 18-30 electric lifting started to appear on raord than * 

afcnute dcale* 5?hc» year began* pro; hetlcaliy enough with the formation 

of Brush* At firat t^e car.pany ^c>3 only &, fialco ^gonoy for tho Aaorioan

parent but sales of Brush equi'paont wero suiTioiently lar^e for it to
3

otart i&anufacturin^ in tnia country at tho end of the yoar» % then

it had come to sharo with Sioa&na and Jablochlcof f the firot place in the 

aro lighting taxrkot* ' • • ,

Another system of ore lighting bGeeiaa isuportant at tho tin**
4.

Crouton be^pn to zanke lonpa in 1879* At first he followed the

1* jileqt.Vol. IH P 80. 5 J^uasy 1830,

2« tSolcct Co^aittoe on ZijL^itij:^ by iiiectricity Z3?.P» 157S-9* Vol. 2.
\

3» Blccb. Vol. 6 P 31. 4 Steecwbar i£iO*

Boi-n 1645. Hi;terc.'ii tl;e Ar^y at tna a^c or 1C, Eovotcd himself
to wechnnical enf;inecrin;- l) pc.rticuiGrlJ. 1 road tranoport* In 1376 no

ft tho ore$r fijwi uecano a pfiTwicr in tiio i' irra 01* J^eniiia & Co* ofloft tho ore$r
Cholusford* i'o boca-DO ip.^oro^icd in tro lighting when trying to speed 
aooa constructional work ho v,as super intending by worliin^ at ni£ht. 
He thought of oanufacturini; it hiaoolf bccuuco of dcficicnclco in tho 
aro li/ ;,titG ho uaod* Further d<:tcdlo eoe R.H.B. Crodpton. Rcrt
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usual practice of using a dynamo for each Irujip, but following the success 

of Brush he began in 1380 to make multi arc dynamos. In 1879 his lamp

was used in only six places; in 1680 he had at least 2Jf installations
1 

and Was said to be unable to produce equipment fast enough. But he

had only a small works*

Throughout 1881 the progress continued. Brush seems to have 

token the lead* Siemens expanded, but at a slo.ver rate. Jablochkoff

lighting was declining in importance and Crompton Joined Brush and Siemens
2 

in the first place. But Jablochkofi* sales were probably rising*

A smaller company, the British Electric Light Go*, forced as 

early as Deceraber 1873 to import Gramne dynamos, and which had

subsequently brought the patents for theBrockie arc lamp* was also very
3 

buay and doubled its office acconodation during 1831. New companies

were formed, notably the Electric Light and Power Generator Co.jto market 

the Lontin lamp in England, which had become notable in 1330* 1831 was 

noteworthy for the electric lighting in tne City of London which was 

sponsored by the Commissioners or Sewers* This was a good opportunity 

to demonstrate the virtues of electric lighting prominently and on a

large scale* The major companies, Brush, Sieioena, Crompton and the
* 

Electric and 2£agnetic Co* sent in tenders. Contracts were awarded to

1. Elect. Vol. 6 P 908. January 1881.——— . -^

2. JLLsQt, Vol. 8 P1227. January 1882.

3. Electj^Vol. 8 P 212.

*»•• Elect...Vol. 8 P 122.
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£ruch» ti»o J-ioctric will ^gnatic C-j. rjj Siemens > for a year's lighting
1 

WBU due to aUxt in April 1D3X. The Ulcctrio iuvd Magnetic Co*

wore tmal»le to oo^'Ievc thoir i>t^t or ti-jo contract* i^nd tha 11 

lor their ui&»rlc« of tao CiVjT waa ^ivoa la tUc nov'il^ i\>r^od ElooLrio 

Li^iit tnd Poc-or Ocnortitcr1 Co»» uoin^ tno Lent In laops* The 

oT tho City I'Ut tuo eldcivio -ll&it i&lQ the publio qya &nd thua 

to crsate the conditions for the boos* of 1322*

1031 wiu> elso G year of d-ezaonotrationft of Jjiccndoscenl; lighting* 

eerly Ic£^.a wcro thsoo ci" £tvsn» iJarly JUi 1330 when

tlTftt bo hs& invented a tr^cticca incaacicsccnt laa|>, Sv«a ha4 got in touch
2 3 ; -

with Cra^tcn* /4thou^a Crosipton had verj recently st&tod

ad ao c*pc'ri:45iital t^*a.t it could fc« i^?soredt too 

by w?;oa*s aoiilcveaents* S.v>oi3 afterward*) 2wan bc^^n to

wllh Crwapton aa ciiiof ea^naor to tho company* Croaptoo

contractii:g vrci-i; and ii^xie geftsrators for the ^*an Co. ,

1 ' la i:& aLti^wr of ISSO Cro^i>ton cl«i:anatratod Swftn law?* at
4 

iud iii tha. autumn rccaivcd fja ox\2cr frcira tho Gla-jgo* G«?«0*

Installed incar^o scent li^;ti«^ 1'. Bis- Willi^a AxTBstron^^a houoo. 

1281 several fi»rc aaiall iswtaliations» *ena jcado. Sos® ooujitry houaea 

lit, -Ship lii£wift&w*3 wnSfirtafeon, ard the A&air&lty convinced v.-^

1, iPrte A!OC trie £U:d Ka^netic Co» had been foraed to market the imported
^sr^at in Srittin.

. ^?»civ*» P 70.

L-i hi* por^liiat lUeotrlo ^^.t.Vr»r. ^-rJndD^irinl.Purx^gcs 1380 

K»B» Croapton. ro

Udioon Saan Electrical Co. Pny-eont _of ..tho.Laap.



that Incandescent bulbs would be Dtu'e enough and tou&h onoui h for a man
1 

of war. But 1831 was chiefly spent In brin^lnc incandescent lighting

Into tho public oye« It cat; tho i'aris exhibition and this £ave

a chance to deojanstrato bio I&&P& on a lar^e &calo» Other pioneers,
I

Edison* Haxia and Lane-Fox aloo exhibited at Par 10*

In 1-K3 £ trst half of 1882 a considerable booa oeeaasd to be 

In electric lighting* It %aa pri^iai-ily a boom In ero lighting,

very largely bocauao of th® cuccojii of tho Brash system* But incarwjoaoont
the

lighting also portlclpatod* In IS^l^aroriorlty of tho Brush ayotota had

bocoae* obvious* Hitherto Brush had both mnufactured and sold arc 

lighting equlpc&ont to final consu&era* Sat In 1G31 It decided to
:' •• \' .\

concentrate on raanufGCtarln^- It bogan to coll cococcalona to c-apanloo 

giving tl^eza tho exclusive ri^Iit to cell Brush oqulposnt In & particular 

The first concession was &old In Juno i£3l» Ccapanioa wore forssod to 

buy concociiilona for other areas, KI^L for a year tho«o ealou continued at 

hi£h prices* '

Once for-»d theso concessionary coapanlcs bou^'.ht Bruah equijiaont 

fund be^an to deaons trato It to atinilato talcG. Confidence In the future 

lighting thus ro£0* He® coqpanlca %li»hlng to buy Brush concessions found 

It easy to borraat laoney and the process c ,ntiuzed,

At tho saiaa tios the cnnlclpoLLtie^ become Intoroatod In the 

po- dlble uao of ore laxups for street lighting* In tho early days, It was 

difficult to find out about the desirability or coats of eloctrlo lighting
•

1. li*E. A K.R, Swan. op*cit> EP 76 - 7.
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Table 3- 

Brush Sales of Concessions2B81and 1882•

1881

Dublin B*L. Co* 

Haomond Co* 

Scottish Brush 

Foreign Companies

1882 - 

Haionond Co*

G.W. Eloctric Light and 
Power Co»

S.E. Brush
/

Brush Midland 

Metropolitan Brush
/

Provincial Brush 

Irish licence 

Isle of Man Licence 

Foreign Companies

Cash' ' •.'..•••• - -:• ' , -• £ • ,
>. 1,000

20,500

i 10,000

lies 34,000

Total less expenses

Shares 
£ 
9.000

-

20,000

20,000

Total 
£ 

10,000

20,500

30,000

54.000

99,500

13,750
10,000

34,000

150,000

25,000

2,000

250

62,505 

Total less expenses

Source: Brush accounts for 1332*

15,000

16,000

64,000

7,000

28,750

10,000

30,000

050,000

25,000

2,000

250

126,505

407,296

without putting down a trial installation. There were numerous published
• . i

estimates of costs, but most of these were deficient (for example capital
• •^ (•*•** • . .

costs were forgotten) or biased* Seine local authorities were content



with a report, tut some, like tho London authorities, the Commissioners 

of Sewers and the Metropolitan Board of Works, determined to see it in use*

Among provincial corporations, Liverpool showed the earliest interest< 

They installed trial lighting to explore the possibilities of the arc lamp 

as early as 1379* In late 1331 and early 1832 a large number of local

authorities tried arc lighting, among them important boroughs like -
1 , , ....•/;::-;:: 

Birmingham, Blackburn and Leeds. These local authorities sometimes
••••'' • '. •'.'/ '"•* '*"

invited tenders for a temporary lighting installations and sometimes bought 

plant. -..• . - : . • ; •-..-. • • ;. ' ..-''-... . . . . .../ ;- :;;'v :

All these exhibitions and experiments greatly stimulated sales of 

arc lighting equipment• The amount of plant they required was large •
• ''•.->'.''•'•:

relative to the small output of equipment in 1331* In 1831 Brush sales :

were about £80,000* In 1882 they rose to £200,OcO. Calculations suggest \ ;

that the concessionary companies may have spent as much as £100,000 on "'
' "I* .,••/,:<; ', "'.

Brush plant in 1332 alone* Brush had to expand manufacturing facilities ; 

extensively and to meet the sharply rising demand they had to import some 

equipment from the American Brush Co. • ,; . '.„'. ;

There was naturally also an increase in demand for the are , : 

lighting equipment of other firms. Sales of Siemens are lighting equipment 

roae from £35,84-0 in 1331 to £83,780 in 1882. Crompton was clearly 

extremely busy although manufacturing facilities do not seem to have been
/ • ' •'• - '....•''-

expanded.
\ - / - :. ; : '

(

1* See the evidence of municipal representatives before the Select
Committee of the House of Lords on the Electric Lighting Bills 

• of 1886. £Jt*E. 1886 Vol. 7.
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In 1832 incandescent lighting became known. In that year

Crompton made the first large installation of incandescent loops in
1 

England * at the Law Courts* The Edison lamp also made its

appearance in England* An agreement was made with the Commissioners of 

Sewers in January 1332 to light Holborn Viaduct free for 3 months and

subsequently at "gas orice" if electricity could oe supplied to private
2 

customers* In March 1832 an English Edison Company was formed to sell

Edison incandescent lighting equipment in England* ; 

Many of the arc lighting companies became interested in

incandescent lighting. Siemens Bros* used Swan lamps in conjunction with
3

their own arc lamps at Godalming in 1631. The British Electric Light

Co* bought the Lano-For incandescent lamp patents. However it did not 

make much use of them and Lane-Pox repurchased them* He then sold them 

to Brush, but the latter at least up to 1883 - 4 showed only marginal

interest in incandescent lighting* The Electric Light and Power Generator
4

Co* purchased the incandescent lamp patents of Hiram S • Maxim in 1382* -:

Crompton had been involved with both arc and incandescent lighting since 

1330. Together arc and incandescent lighting could provide electric 

lighting of almost any intensity, and thus for any purpose.

1* R.E.B. Crompton. Reminiscences P 10?*

2. R.H* Parsons. op>citVt P 10.

3*. R*H. Parsons. op*cit. P 12.
',''*'...' '•' . /

4. Meeting of Kaxim - Woston Electrical Co. fl.R.. Vol, 10 P 325. 
6 ilay 1832.



In tho first hali1 of 1082, there wxs groat enthusiasm ovor 

oioctric lifting particularly arc lighting* Thcro had been rapid and 

exciting technical developments, and zrsany people J'elt they were at the 

daua of tha electrical age* At tho tiDe thare was aloo a weak booa In 

other sections of the ecoacsqy* Xho dopras^ion of tho late seventies waa 

very deep. and In tho short revival of conf idonc© froa 1S30 to 1382 tite

propensity to lend increased core rapidly than tho propensity to borrowitv:: 
/'airly candiderabiQ opcculation in electric lighting woo inovltable.

ITiiny now coapcurdea v.cro f onsed to exploit arc l^iip patents. Tho Pllaen* 

Joel was forx^cd to sell Pilscn arc Ic&po* and tho Catcher Co, to sell 

Gulcaer lomps* The Electric Li^ht and Fo'.vor Cenorator Co* bought tho 

aro Jtep patents of Edward '7cct:n, aiid ch2£&ed ltd na^ia to tho Ka$l&,v: •:;••,..-'' 

V.'o^ton Eloctrlcal CJo» Only tcro companies howcvcxr followed Brush in r"J ;

oonco3cl^n^A tha l^axio^^eaton Co* and tho Pll&en-Jool Co« Dut 

only sold ono conccsaion cadi.
1 . •.'''•'.'

There was conoidcr&Lle stock exchange ©peculation in Bruoh aharoo. 

In April. 1302 Bruoh X10 paid ordinaiy eharoa stood et £28 • Then they rose to

a peak of £60 in &ay and thereafter foil again. But aa late as Septeaber ^1 :••;;•• 
2282 they were tiUU as bi&h aa

Table 4 fckaso it way eaay to borrow nonoy for electric ligirting 

in tiie fir^t half of 1SQ2. It was jiorticularly easy to borrow in Kay, 

when cundltiono on tiie stock Sscliangc approached a H*oaniaw » Of the 

£3t C53»575 borrowed by the icsue of »harea la 1232, £2,703,850 can be 

ollooatod to particular contlis* £1,524* OCO v?as borrowed in tho 2nd 

COO in £ay alono.

U Bc:;itoraiot> 20 l!ay 1S02* Elect., September 1832* Vol. 9- PP 407, 430, 455,
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Table 4.

Capital called up by companies formed in 3J382 to 
exploit electrical invention*

!• Manufacturing companies or companies intending
to manufacture

2* Supply companies or companies intending to supply 1,150,000 

% Electrical Contractors 200.600

4* Companies formed to market miscellaneous electrical
inventions (not always electric lighting) 965*

5* ' Companies intending to operate abroad 646,

3,053,573

I have allocated companies into these groups on the basis of 
the name of the company* But this is not an infallible guide. Some* 
times the name is Misleading* Sometimes companies intended both to 
manufacture equipment and supply electricity* These companies have 
been put under manufacturers*

Source} Electrical Trades Directory* 1683*

There v;as thus a general feeling in 1882, particularly in the 

second quarter, that arc lighting would soon be used to a considerable

extent, and that the widespread use of incandescent lighting would soon
1 

follow* In this situation people naturally thought of central station

lighting. Whether there should be central station supply or not 

depended on whether there were sufficient economics of scale to Justify it* 

It is possible to have electric lighting without central station supply

1* The contemporary word central station has been used in this work rather
than the modern v/ord power station, in order to avoid confusion with 

., the electricity stations specifically or mainly built to supply 
electricity for motive power.



If there had boon a considerable demand for electric lighting there 

almost certainly would have been sufficient economies of scale*

The arc lighting companies were very anxious to develop street 

lighting. In an already urban England, with streets lit by gas, there was 

a large market for street lighting. And lighting the streets was a good 

first step to general central station supply* Onco wires had been laid 

it would not be difficult to give a supply to customers whose demand for
**" •*

light was too small for it to be worth while for them to have an 

isolated installation. Arc lighting by itself did not lend itself to 

extensive central station supply* In 1882 thirty two lamps were about 

the maximum which could be supplied by one dynamo, and most makers made 

dynamos for only 10 - 15 tamps. The small dynamos - they were not more 

than 50 10HT at the outside - were best driven by portable or semi-portable
/

engines* Distribution costs soon offset any advantage of grouping more 

than a small number of generators together. But incandescent lighting 

promised much greater economies of scale in generation* It was possible 

to increase the output of a constant voltage dynamo much more easily 

than it was to increase the output of an arc lighting dynamo* Edison 

saw this and in 1882 opened the large Pearl Street central station in the 

Wall Street area of New York City* For it he designed his famous Jumbo 

dynamos built to serve 1200 lamps (approximately 75 K$0 and over four times 

the size of the largest incandescent lighting generators previously made* 

In London the Edison installation on Holborn Viaduct was a central station, 

being to somo extent a pilot scheme for Pearl Street* Edison sent over 

£*H* Johnson, one of his chief assistants, to begin the London Station*
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,-•-.'..'''•-.,• g§

When it opened in April 1S32 it had 933 lamps connected to its mains*
;

Arc, light ing companies hopad to run both arc and incandescent lights 

from the 80120 central station, although as the electrical circuits had 

at the time to be separate, the advantages of doing ao were limited.

Before central station lighting could develop sane permiss'iva 

legislation was necessary. ^hecrucial question was the opening of the 

streets to lay underground mains. 2&ich of the early arc lighting simply 

used overhead wires, but it was clear that any substantial central station
| . ..,_.;.

would involve underground raains. Who had the right to open up the streets 

was not at all clear. Even the local authorities were uncertain of : 

their rights* Liverpool Corporation held that they had no powers to 

break up the streets of the city to lay electric lighting mains and 

sponsored a Bill in 1879 to givo such powers. The 1879 Select Comrdttee
/

doubted this contention but reported that if local authorities did not have 

such powers under existing statutes, (e.g. tho Public Health Acts) ample 

powers should be given them* But tho Corssiittee felt that the time was not

yet ripe to give general powers to companies to break the streets except by
2 

consent of the local authorities. By tho first half cf 1882 it was clear

that some general permissive act was necessary, and one was introduced, 

covering any electricity supply undertaking laying cables under the street* 

General conditions wcro laid dorm. Intending suppliers could then apply 

to the Board of Trade either for a Provisional order or a Licence, a nuch 

cheaper procedure than a private Act of Parliament. A licence, which ran 

for seven years, required the consent of the local authority. However an 

1* R.H. Parsons, op.cit. P 11.

2* Report of the Select Committee on lighting by electricity B.P.P. 1878 - 79• 
Vol. 2. ' . *
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application for a Provisional Order would not be refused even if the*

local authority concerned opposed it, unless the Board of Trade was 

convinced that the local authority intended to start its own electricity 

supply. A very important provision under a Provisional Order was that 

the local authority should be able compulsoriiy to acquire an undertaking 

after 21 years from the granting of the Order at the then market value
'*»

of the physical assets of tho Company*

The boon was in essence a fairly large scale trial of an 

important innovation. There was only a small rise in the permanent 

demand for electric lighting. The result of the trial was that electric 

lighting was considered too expensive for v/idespread use* Ad a result 

the boom quickly broke, and having over stimulated productive capacity, 

all sections of the industry entered a long period of depression* It 

was real and not financial conditions which were responsible. Tho 

considerable stock exchange speculation of early 2£ay Quickly disappeared, 

but Brush shares did not fall below the pre-bubble price* Enough had been 

borrowed in May to install a great deal of electric lighting, and the 

number of applications for provisional orders after August shows that 

confidence remained high* But the events of the 4th quarter of 1382 

and 1832 showed that such confidence was excessive*

Central stations depended on a considerable use of electric 

lighting in a small geographical area. It was because events showed that 

the demand for electric lighting vras small and that the attempt to begin 

thorn was doomed. But companies who expected extensive isolated lighting 

were equally disappointed*
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Table 5.

Electricity supply. Provisional Orders and Licences 
crantcd by the Board of 'i'rade. 1032 - 1302,

Year

1882
3
4
5
6
7
8
9

1890
1
2
3
4
5
6
7
Q
9

1900
1
2
3
4

... > 5
6
7
8
9

1910
11
12

Provisional orders

69
:. , / :- • 4

I
1

13
75
59
25
15
24
23
31
50
67
90
99
97
64
53
65
56
49
23
22
11
19
25
31
38

Licences

1

2
1
1
5
4
4

2
3
3

3
1

2
;.: .• . •

1

-**" ' • j' r -

• V <

Tho number applied for was always greater* Somo apDlicationd competed 
for tho saroa area and some proposed tiche^ie^ \vere unsound.

Sourcei B.P.P. Returns made annually by the Board of Trade*



Table 6. 

Provisional OrdersL ..granted in 1882.

Local Authorities Companies Others*
Brush concessionaries

London 1 )
5 37 28

Provinces 13 )

The Electric lighting Act received the Royal Assent in August 
1882• The eagerness to begin a public supply of electricity can be 
gauged by the fact that one month later 83 applications had been made 1 
for Provisional Orders of which 55 had been granted by the Board of Trade.

The Brush concessionaries were well in the fore of the attempt 

to found central stations* Their applications for provisional orders, 

were 48/o of the total* Yet they all soon collapsed* The Brush Company 

of Scotland was the first to go but the Metropolitan Co. which had applied 

for as many as 26 provisional orders, followed it quickly* Before .• 

proceeding with its Provisional orders it decided to run a pilot scheme 

at Holborn* Estimates of cost and demand were made and it was thought 

that electricity would be supplied at "gas price" giving a return of 8&£» 

The stockholders however took a different view about the scheme and a

consaittee of investigation set up by them reported that the demand
ji-.
estimates were excessive. Virtually only the shops would take the electric 

light and would use it only during business hours* Kammond (Chairman of 

the ilainsond Electric Light and Power Co*) who was a large shareholder

1."'.; Report of the Board of Trade B.P.P. 1883* Vol.
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endorsed the report but gave as a reason for the probable failure of the 

schema that the scale of operation rsa* too small. He of x'erod to 

purchase the company so that a largo scale station could bo opened* But 

the shareholders, who were alarmed at the nay the company was run, es­ 

pecially at the flotation of a subsidiary company, the City and Suburban 

Co., which they thought v/as a clear case of company uongering, were not •

impressed by Ilai^iond 1 s offer and decided to cut their losses by voting
1

the company into liquidation.

The Great Western Co. was siore modest in its aims but no more 

successful* It had small establishments at Bristol and Cardiff comprising 

62 arc lights and 398 incandescent lights in all and it also hire out 

portable and exhibition plant. Receipts v/erc very small, 1832 - 3 ^520. 

1303 - 4£1A33 aM *he lossfor the latter ysar was £1,06? despite a > 

drastic reduction of expenditure* In December 1324 the ccapany was ' 

purchased by An&lo-Aiacrican Brush. The experionce of Brush Midland was 

ouch the same. They started Y/ith exhibition lighting in various parts 

of thoir territory - in Boston, Chester, Griasby, Gainsborough and Heading*

ana. had also some contracts to light various works where they aimed at a
2 

profit* After 13 months' operation their total losses amounted to

/aid there waa little hope that business would, in the foreseeable future, 

improve. They did not &o into Central Station work and the general 

trade depression kept down demand for isolated installations. An attempt 

was made to keep down expenses by pooling officials with the Groat Western
v i

1. Meeting of Metropolitan Brush E.L .'••& P. Co. Elect. 23 February 1884.
Vol. 12. FP 332 - 6.

2. Report of Brush Midland E.L. & P. Co. Elect. OB Kovember 1832. Vol. 10,
PP 22 - 3.



Co* but when Anglo-American Brush offered to purchase the Company in 

pecombcr 1884 their offer was gladly .iccopted.

The South Eastern Brush Co. accomplished a little more. One 

technical problem that the Brush companies faced wos that they wished to 

use incandescent as well as arc lighting and did not possess a complete 

incandescent system* They had bought the Lane-Fox patents which covered 

only the lamp, and the parent Brush Co* at the time had not a dynamo 

suitable for incandescent lighting* The Metropolitan Brush Co* tried*

as they put it, "to adopt the Brush dynamo to low tension", but did not
. • • 2 • . . ' • . 

have the technical ability to succeed. The South Eastern Brush Co*

tried to overcome this by developing a system of their own, in which

accumulators were charged in series at a high voltage and discharged in
3

parallel at a low voltage. This was an interesting system technically

but was very expensive to perfect* Accumulators, a near invention, had to 

be developed and to do this S.3. Brush, joined by Provincial Brush, had 

to subsidise a company - the Consolidated Electric Co* - they had set up* ' 

This exhausted their cash reserves and when they finally opened a station 

at Colchester it ran for the first year at a loss, revenue covering only

32$ of expenses. The Company was short of cash and was unable to raise
4

any more* The shareholders wished to liquidate the company and in the

1. feloct* Vol. 12 H? 21 - 2. 1 December 1884.

2. Report of Metropolitan Brush. Elect. Vol. 12 P 243* 22 December 2884*

3. See R.H. Parsons, Op.cit.,, PP 52 * 55*

4* Meeting of S.E. Brush. Elect* Vol. 24. P 300. 24 February 2835*
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middle of 1H85 the Station was closed down and the company wound up. The 

Station had cost £7,338 to build, preliminary expenditure, on estimating

demand and obtaining Provisional orders, had been £3,981, and £7,000 had
1

been advanced to tho Consolidated Co. This excludes the purchase money
2

for tho Brush concession* The installation waa sold for £345* The

Provincial Brush Co* had also been interested in the installation* They 

had contributed £3* COO to the Consolidated Co. and intended to use the 

accumulator system should it prove successful* They had also started

with small installations on which they had lost £6,824 in 15 months to
3

November 3J3S3* Then they suspended many of their operations to wait for the

success of S.E. Brush* When the Colchester Station failed, Provincial 

Brush also went into liquidation*

The most important Brush subsidiary was however the Haamaond Co* 

When it was liquidated in 2SS5 it did leave some legacy behind it. Tho 

Company had first concentrated on selling and fitting "isolated" Brush 

sets for factories - Robert Hamoond claimed to have chosen the Brush light 

because it was the most suitable for factories* In 1882 it made 

installations of arc lights in the streets of several towns* The 

operations of 1832 were successful and prof its for Feb. - Dec* 2B82 wero 

£8,086 after 12;» depreciation of plant and £5,000 had been written off the 

good will account* In addition £52,162 in shares of subsidiary companies

1. Accounts to June 1884 of S«E. Brush. Sleet*. Vol. 14 P 300. 24 February
1085. 

2* R.H. Parsons* op.clt. P 55 •

3. Provincial Brush mooting* ."Sleet. Vol. 12 PP 70 • 71. 1 December 1883.

4* See meetings of Provincial Brush Co. Elect*, Vol. 12 P!P 398 - 9* 
j 3 ttay 1884, Vol. 14 PP 137 - 8. 27 December 1884.



hod *aub-cc Id" ita c-ncesjicna for ooao aror,o) woro placed to 
1 

reeorvo. Tbo Hruraion'} Cto» solved the problem couoo-'l by tho lr.dc of a

Brush inoanclo&cont lighting d^n^co by obtaining tho frl^hto of & new 

constant voltO£<5 do'n^so. In 1832 S«ft. de ?en*.wti stortoi ramffx 

alternators of & now and extre-iol^ g-sod dcAigri; end Hoamond* firat 

solca agent for the cospon^ of Perrontii, Ttousnn p.riA Inco,
2

«i*rocted t&s ac&l^uaation. of thia Coropftny with hie o?m firia in

A provis>ii3n&l orvlcr for Itepstend obtained tr^ Fcrrnnti Thomson a »d Inoa 

was tatan svcr cu.id piano were InAft to build a central station th<iro« 

Dut by this tiso it was found to bo iTvpcssible to raiso OGpitod. I/ean- , 

whilo in 1S02, follotring the succosa of !iarrson«l*a AeEBonatrationa of Bruah

^ Brighton, Hasting ar^ Eftstbourne> aubaidiary ooapaaiea had 

un in th« letter tv»o places* In the bc««oiiv they found it easy , 

to ^4ioe £5»COO oocli i«i caoh for pomcncnt working, • Aft^r th« tooa ha-1 

.th^y k&£ to roly on the parent eotspei^r ^i* c^sb, but enough waft

to o&t&bii&h th?m on a asjall but l&3tin£ bcsla.. For thu 

31 JDocsm'oor 1BOJ th© HaT^ond CD. showed a not loss of £.?9»l80, 

by t!i6 tiir^ of its liquidation th<s Brighton Hc^tir^ and Ho^tbourtJO

«or<5 sufficiently finely est&blishcd to cc-ntinue <m thoir

r The oxpozdereo cf oth-jr oonponl^^e w.«ss stoilor to that cf tha 

Brush concos.-ilonaries- The Pilsen-0ro«l Co. which hj?/l e rolled for

1. Ueoting of Hamond 3*L. & P, Co. _g,R> Vol.-.ia^'PPJfOA. - 6. 12 May 1883.
-•••• >>«•:• •

2. Meeting of Havana Co. 12 April 3&&« Elect. Vol. 12 EP 22 - 4.
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Table 7. . . 

Hastings, Brighton ericLffg.gtbourna, Nmnb^r of Lights supplied..
•

, Hastings Brighton 
arc incandescent , arc incandescent

1882 16 Ho figures are
.'•:'.;.;!•• • •• • ••.',:••..-•.!• -•:-;: .V .-/'. • .•<•.:•: • ..-. available for

1883 40 t the Eastbourne
' . , /. ,..;'. Co. until 1888

1884 27 96 t ? when it had
	 •• -v. • '. 1»700 lamp*

1885 29 456 34 516

,1886 27 576 27 875
• ( •,'.;... . .i ... . . . • - ' ; . . : ; . • . . ,;,...

Sources: Reports of Brighton, Hastings and Eastbourne Electric 
Sup ly Cos* and R.H* Parsons. op*cit*

3 provisional orders in 1832( combined, like many of the companies, supply
//. ' '

and manufacturing. But it became by -he late eighties chiefly concerned 

with supply, lighting small groups of buildings* The installations were 

scarcely profitable. Up to 1835 ~ 6 losses were heavy. In the two
, .••„•!..'

following years .small profits wcro made and at the end of 1888 - 9 it was

Just breaking even over its installations* An adverse report by a
1 

comroittee of shareholders sent the company into liquidation in December 1889*

Another company doing somo supply work, the iiaxim-Weoton Co* did very Iittlo2 ••• . •- •...•:.:r i .'1 : 
business and went into liquidation in 1383.

Tho Edison and Swan Companies applied for 5 provisional orders 

between them in 1382, and started a number of small installations where
!

1. Pilsen-Joal meetings. various years, 

2* Maxim~Y«rcston meetings, various years*



£il waa sold ror a fixed z^rciit p.tu, as wall aa the wm^torn st-tion

qa Holboro viaduct* In 1333 ths tiro casoaniss a^al^^a-atcd isnd by this
1

it was clear that these early installations r/ens not profitable.

This wculd not htxvo fce^n very important if the unpro* it ability hod 

purely because j° their saall also &nd if they h&cl served CLQ gcod

iecer.ti* far the otartin& of large i-rofitablc Caiitrol Statioi^B.

But by th«i it v,aa cloar that tho expootod large dciaana was sjot ^olng to 

t»o realised* Sorrowing" li^d beco&e dirficult bccduaa of tho reaction of 

lenlers to tho osculation o^ 2282 cu^d to the Electric ti^litiji^ Act. 

Although, because a? this the Sdiuc:>fex3 Co. did not va&t to undertako 

supply, it «rflu3 atill prepared to plcaear ana bi^ instillation - 

could «crvc sa the l^aaia for a csntrcl statioa. Shs installation
<

in £Ueation woa at Victoria Station. •' ' ' • '••• '••• •"•• ;'' ::; . .c. • 

l£^£x&:/bile the irxstalletiorjs cor*tiiaicO. to leas sor.$y And were 

ro^pon&iblo r-.>r the oig loso cf Juno 1333 * Jun^ 1334. Eevonue 

in that ^aer vraa £9* ^47 afcsut i tlics ccx^ary's total x^vcnue*

these iactollatiorai ware carefu.ll/ eiftsff aad 4 out .of 

It. V7ae rccolvod to uiuertaks nn atore of this

The Uclboni Station ^r.s baizig worked at a »eri»u6 a
2 

but nevertheless ^aa Jccj?t open for tl;$ tiras taing. But tho policy

of closing rented inat^llationt; contitiucdt 2 ^.ore contracts vjcro tonoinatod

in the finrr.cial yccx Juno 13%. •» June 1S35 nr-d carl^- ir* 1226 the
. , ".-( ••-.-. \ .

1. J&ctin;; of Ewsa United Co* E.1^ Vol. 13. HP 470 - 2. 13 December 1883, 

of ildison-iycran. B.R. Vol. 15- EP 396-Q.. 15 November 3J884.
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Eolborn Station was closed. Notice was given that supply from the
1 

remaining installations was to be torninatcd in September 2386. Thua

only the Victoria Station installation remained* The lighting of

Victoria Station had been completed by tho end of 1384. at a cost of
2 

£16,000 <• £17,000, but the original intention to extend it into a

central station was abandoned and the installation was not profitable*

This was the only result of a large expenditure on lighting installations
' " 3 . , 

which by November 1884 stood at £77,251. '•...

Ill

Thus the attempt to begin large scale electricity supply for 

lighting failed. Some electric lighting remained and from 2883 

onwards the amount of plant sold for electric lighting rose fairly 

steadily. Until the late eighties it was all for isolated installations* 

Arc lighting was used in factories, docks, railway stations, etcj 

incandescent lighting in large private houses, clubs and ships. Ships
i ,

wore important, for the advantage of electricity over oil was considerable,

1. Edison-Swan, accounts. S.R. Vol. 17* P HO- 1 August 1885.

2. Edison-Swan meeting. E.R. Vol. 15, FP 396 - 8, 15 November 1884,
and Select Coi:nittee of the H0iu>e of I^rds 1336.
Evidence of J.S. Forbes and Cromnton. B.P.P. 1886 Vol. ?•

3. Meeting of Sdison-Swon Kovcanber 188^. Elect. Vol. 21*. P 19* 15 November 
1834. This was a substantial suia, easily enough to establish a central 
station. By the end of 1855 out of the 37 central stations outside 
London wldch had been running for at least two years, 31 had spent 
less than £77,000 on capital account.
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and gas v?aa impracticable. In 1383 for example the Sdison-Sfoan Company 

supplied equipment for 32 ships and 23 land installations.

The principal reason for the failure of electric lighting 

to be used much in the eighties was its cost zelatlve to that of gas lightingi 

The pioneers had thought that electric lighting would only find a market 

if it could be supplied at the gas price. Yet it was impossible to do 

this profitably*

Ad was seen earlier in this chapter, arc lighting costs cannot 

bo compared with the costs of gas lighting without considering the '"''*•• 

lighting purpose. In factories arc lighting was sometimes cheaper. 

This was partly because of the need for good illumination and partiy 

because arc lighting costs were often particularly low in factories. 

SOJSQ had spare engine power and dynazaos could be connected to existing
/

engines and run for very little extra cost. Ordinary employees of the 

factory could periodically change the carbons with the loss of very 

little -uiiie. This sometimes meant that direct cout^ could be reduced 

to carbon costs alone. Wight shift working kept capital costs low* 

On the otherhand while it is difficult with very scanty evidence to
• • "v-1

come to a balanced judgaient on the isatter it is likely that f o& the 

vast luajority of factories arc lighting r/as more expensive than gaa 

lighting at least up to 1900. But where little light-was required as 

in the streets, the cxo laap was nearly always more expensive than 

gaii lighting. Naturally it ^ave laorc light but this was often not
i

wanted at the eatra cost. Ehere improved street lighting was required
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1
it could be more cheaply done v/ith better gas burners* One can quote

several examples of the high cost of arc lighting compared with gas*

In 1831 60 Brockio lamps replaced 245 gas Jets in Liverpool* 

But tho running costs alone, without allowance for interest or

depreciation, were £2,600 per annum while tho old gaa lighting cost only
2 

£1,283* Aberdeen experimented with a Brush 16 arc system in 1383*

The lights costs £222* 9s« 3&« P*&* ?or running expenses alone* Gaa 

had previously been used at an annual cost of £65 • 10s* Table 8 

shows how jmich more expensive than gas was the experimental arc lighting 

in the City of London in 1831* As both Siemens and Brush were working 

below costs the Table understates the difference*

• These costs refer to the early eighties* Costs fell rapidly
•• ,' ' * • , i •

' ' . ; ' « ' i ' • ' i : - '

afterwards* But it was not until the late nineties that arc lighting

was much used in the streets* Even at the end of 1890 there were only
4 

700 arc lamps in the streets of English towns. Then electricity for

street lamps cost about 2d per KWh. while in the early eighties it cost
. " • \ • . ' . t ; . . ' ' '-

about 9 ~ lOd. Carbon costs also fell dramatically over this period*

1* V Better lighting was being installed at tho time. The Siemens
regeneration burners on Holborn Viaduct cost 3*8 times the amount 
of tho old gas lighting. Tho very bad lighting in Waterloo Place 
London was replaced by improved gas lighting costing 11*3 times as 

, But this desiand was limited*

2* Elect., Vol. 1, P 35. 4 June 1881*

Elect*, Vol. 10. P 579* 5 May' 1833.

Elect. Vol. 26. P 275. 2 January 1891
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Table 8* 

Coat of Efts anfl arc li_ghtitiK in the City of London 1881,

Dis- System 
trlct

Cost of Cost of Total Cost of No. of No. of gaa
working fixing & cost gas light- arc lamps lamps to
for 12 removing ing hither- proposed be
months to used replaced.

' •'•"•..' "."'••'

1. Brush

Crccnpton

Siemens

Jablochlcof f

2* Crompton

V Jablochkoff

Sieniens

3. Crompton

Siemens

£

660 .
•• ^

2,007

2,050

1,500

2,167

1,530

1,850

,2,475

2,270

£

750

500

1,650

1,550

560

1,350

980

650

1,455

JS & .,-••: - '

1,410

2,507 690

3,700

3,050

2,727

2,930 700

2,830

3,125 612

3,725

i

32

17

29 '

M

•"'•*.;

?

31

IB

32

150

352

144

144

< 176

161 :.;:.,
164 ^

132
13d

Sourcoaj Engineering Nov. 19, 1380 and Electrician 2? i^ay 1S82,

In 1880 carbons cost about 9d. per foot. By 1894 they cost slightly
1 

over Id. Thus vory substantial cost reductions were necessary before
it became economical to use arc lighting in the streets.

!• In 1B93 Profescor L.B. Hnrko invented the enclosed arc lamp* This 
reduced carbon consumption to between a fii'th and a quarter of that 
of the open arc. But the efficiency of the lamp was less that that 
of the open arc lamp and it used 60/j jaore current. At English price 
ratios it would only have been worth adopting the enclosed aro if the 
cost of changing carbons was very substantially reduced*
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Because incandescent lamps were of the same power as gas 

burners the costs of £os and electric incandescent lighting can be 
a imply compared. This can be dona from Table 9 once the costs of 

gas and electricity are known.

Table 9.

Costs per hour of 16 c. p. #as_ _and electric lamps . pence^ 
1. Gas. 

Gas prices per 10CO cu.ft. 2/6 3/- 3/6 V- 4/6

Consun^tion of gas, 5 0.15 0.13 0.21 0.24 0.2? 
in cu. ft. per hour

6 • 0*13 0.22 0.23 0.23 0.32

2* Incandescent electric.

Electricity prices
per Ktth pence. 4 5 6 7 8 9 10

Efficiency of 4.5 0.29 0.36 0*43 0.50 0.58 0.65 0.?2
larops in
watts per 4.0 0.26 0.32 0.36 0.45 0.51 0.53 0.64
o.p*

3.5 0.22 0.28 0.34 0.39 0.45 0.50 0.56

3.0 0.19 0.24 0*29 0.34 0.33 0.43 0.43 

2.5 0.16 0.20 0.24 0.28 0.32 0.36 0.40

There are no overall statistics of fas prices before XB37* 

But in 1831 gas coat about 3/» per cu. ft. in London, about 2/6 in

the big northern towns (Manchester, Leeds, Liverpool, Birmingham and
/

Sheffield) and about 3/6 to A/* in the country as a whole. 16 candl< 

power gas lamps used 5-6 cu. ft. per hour.



Table 10.

prices. All undertakings.

Average Revenue. 
Shillings per 1000 cu. ft*

1837 3*58 

3B9Q 3.66

1B95 3.49 

1900 - 3.81
.t

1905 3-38 

1910 3.42

Source: Annual returns of the Gas Undertakings. B.?,P»
•' , ' . *

Electric incandescent lamps used about 4*5 v/atts par o»p. in 

1880 «* 2. Efficiencies then rose to about 3«5 w. per c.p. by the end 

of the eighties. Although some manufacturers sold lamps of efficiencies 

up to 2.5 w, per c.p. the principal oncii did not and efficiencies did 

not further improve until the introduction of metal filament lamps in 

the years 1908 •* 10. However by then tlie incandescent gas mantle was 

widely used and thus there is no point in comparing metal-filament lamps 

with simple gas burners.

In 1882 electricity cost at leaot 9 - 10d. per iOVh. Bviderice-ia 

rather scanty. In 188k the Brighton Company charged l/» per iOVh. 

S.T3. Brush charged 6d. but only covered 30/J of expenses. In 1833 the 

'Cadogan Sloctric Supply company and the Chelsea Company charged 7d. «nd 8d.
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per KWh respectively. In the early nineties more is known as there were 

more electricity supply companies. In January 1893 the unweighted 

average price charged by 35 undertakings was 7»2d and in January 18%. 6 

for 54 undertakings.

However in the early eighties electricity generated in isolated 

installations was often cheaper than central station supply. This was 

because thero were few economics of scale in generation to set off against 

the cost of primary mains* Tho distribution network could easily account 

for half the initial costs of a contra! station supply system. In 1882 

Brush dynamos operating at the usual lighting load factor were generating 

electricity at 8 - 8»5d per KWh* Some engineers claimed in soma 

installations to be able to supply electricity for less than this* 

0* Coope, owner of Beerchurch Hall, where Crompton installed electric 

lighting in 1333 estimated that electricity cost as little aa 3*£d per 

KOTh* This sounds very optimistic* ,

In most cases in 1882, electric incandescent lighting cost 

three times as much as gas. By the end of the eighties improvements in 

the efficiency of lamps and reductions in the cost of current brought 

incandescent lighting down to about twice the gas price. By the late 

nineties the average revenue of a random sample . of twenty central stations 

selling electricity solely for lighting was 4»7<* per K^H* At that price

there was very little difference between tho cost of gas and electric 

lifting.
t j.- . • i 

• «'* V' ' " . . - *'<

' In 1898.



Tho superior quality oi* clootric li^htin^ would ioau &OSKJ people 

to ecto^rt it even though it ms i»*e es^venaiva than gas li^-hting* When 

it coat about ttfice &i i*uc& zu #aa li^tlii^ quite a nuaibox" o* people wore 

willing to uftG it, ca tho s^o-Cv^iV;! £o-i*li*3& of electricity eup, Itf at 

tho end of tho eighties, and tho late niuutlc^ t»how&» But at threo tiaes 

tho £.aa pxdco docand «caas to htve been vary aeualJU It can be orfjued that 

tho electricity cntrcj-ronears o* t'.a aarl^ oi^htiod eicde is t>ad mldtako 

when thsy .triod to s^sli slcctricity at ii;s i^ua pi'ice. 5ir William Si«jnena 

wt>a a lono vsica iasi&tic^ in 1632 that electric inc«»iidescont lighting vaa 

tho *li£ht of luxuz^**. Others were doterained to laarlcct electric lifting 

on the £,rour^la that it '«?&& as cheap, cr chea^ar than ̂ as* • The long
\

controversy lr. the tecbnic&L press on the relative* olioapnesa of ^as or 

electric li^tir^ bew* t«sti«ffl^y to thiii. The result was that olootricity 

weo fbMsd at a x^ioe to icslcs clcotri-s li^htJu\^ as cheap as &aa lifting* 

Gas was cheap in J^n^land, and t:ie lo^o^ of lighting in^t&llationa recorded

in thia ch&pter show tha iasvitablo <x;tcojaa. • -
1

about 2<iison» S«C. Jfesoer points out that it wa« sound

policy for Ediscr; ta chtir^o the wgaa° pri<x* ia Kcvi York City*•
But it w.-.^ lu^cund for the £di^on CuxpaiTy to do tho ;»&&o on Holborn Viaduct*

in the United States w**s iaeffioient and profiteering;

in England it £?£& rcc^cr:ciblc ofricicnt £a^ mua?.cip^l^atioa had eliminated
2 ... .

monopoly profits.

1* II. C. Pcujaer. oyiucit^ Chapters 7 ®n& 6* ;

2* Thia qucotion ia discuoaed in detail in tho appendix to this chapter.



If intending sun \Liera ia inland had cdoj'tod a different pricing 

policy tboy uii^ht hnve had & ffiod.es t oucc^as. But it would h&vo boon 

modeat, certainly not enough ^o Justify tho crpectationo of 18U2.

Tho lifting of the building cycle aaat have retarded tho 

devolorxacnt of electric li$uin£ in Sn^land* In now houoca, occupiers 

dccidod between £a& and electric ll^litln^ by coajporing tho avcra* e costa 

of both end weighing the difference a^oiruit differences in utility* But 

in existing hou&ca already c-:rc&ssod for gas tho consumer had aloo to tako 

into account the coat of wiring, which was to bo added to clcotrio limiting 

ooota» Alao oven if rationally juatifiod, wiring for electricity irould 

tend to bo delayed becauoe it could be a lar^e initial exper^e* Building 

bocaod in Britain during the lS?Oa arid a very lar#e nuaber of now houaeo 

were built. Consequently throughout tho eighties and extending into thd 

firat half of tho ninotieo taore wna a low ^eoand for ne^ houoea. !
I .'• ':.{(;. ',^'\

?«horo elective lighting aigithavo b^en Gfioptod by fima aixi not
i 

final conauuora, tae tiaiini; of the general trudo cycle caat hr;ve hindered

ita ado£)tion in the eighties* After a strong booia ia the 6eventieo, tho

economy was depressed throiii-h oost of tns oi^tiea. i'lie boom of 1831 «» 2
^ 

»os only a sa^di c|Je, ar.a recession follocrcd before full capacity was reached

in a 11 induct rieoi One retarding i'actor 1 have avoiclod discuoain^ so for, 

Although it waa thuu^jit by cont^mpories io havo coon important. Taift waa .
*

tho effect of the compulsory purcnaaa clause of the 1333 Act on the 

of caital*

thfi Statist dociarod th«t "tho elocti-iccd iiifant
1 

strangled at birth by the iiiecirio Ld^htiii^ Act." In 1BUG thrco a,

1. Quoted byll.il.'iJao.lin. g''*gj)r. oniGation of Electricity Supply in 
Great. )3rltnin> London !S4iT. IJ 11.
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Bills were presented to Parliament, and the House of Lords appointed & 

•caisnitteo to hear evidence for and against them and it also reviewed 

the effect of the Act of 1882. Bafore this coirenittee the representatives 

of the electrical industry, Crompton and J.S. Sorbes, the Chairman of 

Edison~&ran, ar0ied that they were ready for central station supply in 

1882, but having started on it were unable to complete their plans 

because the Electric Light Act made finance impossible to obtain* In 

this they were supported by evidence from Louis Cohen at one time a

stockbroker who said that the Act was "almost prohibitory to the finding of
1 

capital" and J.M. HacDonald, a partner in the firm of L'essrs. Matheson

and Co., of Lombard Street, v/ho said, more moderately, that the purchase
2 

clauses "deterred investors"* There is no doubt that this was so|

even Sir G. Horriscn, $he Town Clerk of Leeds admitted that "after
' , *

the very strong evidence which has been given by some gentleman that

it is so, I do not like to say that the Act may not have had some remote

connection with it" (the failure of the supnly companies), but he went
3

on to question the importance of this explanation* Certainly the

emphasis placed on the deterrent effect of legislation by J.S. Faroes 

before the committee is not the sa&e as the emphasis placed on the unprofit- 

bility of electric lighting in his speeches to the shareholders of Edison-Swan. 

The representatives of the municipalities, who appeared before the committee

1* Select Cocmitteo of the House of Lords on the Electric Lighting 
BiUs of 1836. Q 7.

2. .1ii1ri., QQ3 1833 -9-

3. -ib^. r Q 1652.



to oppose the repeal of the purchase clause - although they agreed tho 

years of operation allowed to the companies might be increased *• placed 

groat emphasis on the hi^h cost of electric lighting, "% own view and the 

view of inany of those connected with corporations with whom I have 

conversed is that the real cause of the failure of the electric lighting 

companies has been the impossibility at present from a cotamercial point of

view, for them to comoete successfully with gas as an illuminant" continued
1

the Town Cleric of Leeds* The municipalities of Liverpool, Birmingham,

Blackburn and Leeds supported their contentions with accounts of their own 

experience of the costa of electric lighting in 1882. ;x 

Most of the evidence supports the contentions of the municipalities. 

Quite enough capital was raised in 1832 to have supplied the small demand 

fqr electric lighting if it had been property used. After the initial
, ' ' •'!•"' 

f , •' . ••

mistakes it is arguable that if more capital could have been raised it 

would have been possible for intending suppliers to carry on-at higher prices* 

until they established themselves* However, after all the protestations of 

electric lighting advocates as to its cheapness it is not olear that highor 

prices would have led to higher profits* Raising prices, would probably • 

have driven away customers, even those who would have used electric light 

if they had been charged the cost price in the beginning. Higher prices 

were not generally tried; the Edison station at Holborn for example was
i . ' . ' • .. • : .-.•_. ,,...,. ,.-.,. .... '• .

closed before there was any resort to higher charges.

*••. .' : "' : " . ' ••'•>*<'•-...
iv Q 1652.
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It »/ a not only tho Act that roade funtia difficult to #ot*

ordinary ohares wore speculative in the eighties; they could only bo Hold
1 

in tiuc^> of bocci* Electric lifting sliarea were more speculative than

Boat* Xho collapse of the boom tvas quite sufficient to inako tho further 
eale of e&ctroa e:itro-iciy difficult*

£ho industry found in legislation & convenient ocapegoajtf. for 

its allegedly poor perfpriianco* It Is a scapegoat which aopoar^d again 

and again* But perhaps tho best way to cum up tho experience of tho 
eighties is to ouote tho considered opinion of Alexander Sieraena in hie

to tho '.Institution of Sleet rlcal Bnciiisors in 13%*

ch other cnusaa cfty have contributed, to df>lay 
dovolo^cicnt of electrical engineering (ho hnd to Used of legislation), it 
is clear that the principle one naisit, be looked for in the e^O£.t:.orated . 
oxpectfttiono tiiat xvero raided* either t>y i£Roz<anco or dodij nt when thO 
general r^oiio first cerioualy thought of re^nrding aleotricity 03 a 
coarjodity for everyday use •».» Viioro wao a chort tiico oi' oxcltotnont 
to too public and of profit to the }?TOQoters; then the confidence of 
the public in electricity was almost destroyed and could only be regained 
by years of patient

J*D. Jeffreys* ygpnaa^in,.._Buslno.3.a orrgvnia&tion since 
. Uni?ubliohed London Pb»J. thooia 1^8.

Elect* 19 January 1354. Vol. 32, P 300.
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Appendix,

The relative costs of gas arid electric lifting 
in tho United States and Britain*

In the United States the experiments with electric lighting 

were successful, and for the rest of the decade the adoption of 

electric lighting proceeded rapidly* Tho question arises as to whether 

this was due to the high cost of electric lighting in this country* 

The data in this appendix tends to show that the difference in the two 

countries was due rather to the high cost of gas in the United States 

and reinforcing this, the high rate of urban expansion*

Relative prices of gas and electricity have been calculated. 

and so have the prices of some of their factor imputs. Prom prices per 

physical unit in £ and fi an exchange rate in /£ per £ has been computed 

for each commodity* To see what was relatively expensive and relatively 

cheap in both countries these exchange rates averaged over several years 

(usually 5), have been expressed as a percentage of the gold standard 

exchange rate - # 4.85 » £1. Higft figures suggest high relative 

U.S. prices. •

1* jG-as prices*

Big towns All towns. fi "

1878 316

1881 318 263

1888 - 9 224

1889 - 90 159

Big towns: Britain. 2378 London only. Otherv/iso London, Birmingloam, 
Liverpool, Llanchcster, Sheffield, Leeds.
United States. Now York, Philadelphia, Baltimore, Cleveland, 
Cincannati, Richmond.
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The 2881 U.S. figure has been estimated by interpolating between 1878 

and 1888 prices* A constant rate of fall has been assured*

Sources: U.S. H.C. Passer, op.cit. EP 197 and 202.
i

Britain. B.P.P. Return of Metropolitan and other gas companies,

2» Electricity prices

London and New York average revenue per unit*

2895 - 8 115.

For New York the figures are those of the Edison 

For London an avetage of 6 undertakings. 

There are no satisfactory earlier figures.

Below are given the principal inputs of gas and electricity undertakings*

Costs as % of total costs.

Average of 3 London Average of 6 London
Gas Cos* 1891 Electricity Cos. for 1891

and 7 for

Coal 47 22

Labour 13 24

Capital 20 28

Capital costs were calculated at 15/£ on the capital stock used for output* 

The calculation of the latter we>s diiT icult as gas companies figures 

included expenditure on superseded works and electricity oompanies werd 

working below full capacity.
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The result is crude but unlikely to be for enough out to affect the 

conclusions. It may be argued that capital costs for gas should be 

less than l5/«i as the rate of depreciation was lower than for electricity. 

But a lower rate would strengthen icy argument.

Below are the relative costs of some of the imputs of gas 

and electricity*

Coal (export value)_________Pig Iron__________Copper

1330-4 

1S8V-9
/

1890-4 

189^9

156

134

110

95

U.S. average of No. 1 Foundry 
Gray forgo (after 1831) 
Gray lake forge, Bessemer 
(after 1S85)
U.K. average of Cleveland, 
Cumberland, North and South 
Staffs, and Scots pig,

171

146

117

103

U.S. smelter fob 
works
average value 
U.K. average value 
of exports and 
imports of 
unrcrought cfopper.

122

108

106

By-products of ^as works.

Coke

U.S. average value fob oven
U.S. average values of exports 
of coke and cinders

1880-4 56

1385-9 53

1890-4 43

1895-9 48

Tor

U.K. average value of imports 
U.S. domestic price

42
*

31
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Note:
Prices vary quite considerably in different locations. For 

exam le in the U.K. in 1890 coal at the pit head hod an average valuo 
of 8.25 shillings per ton, while the declared value of exports was 
12.39 shillings per ton and the London price (at the Royal Greenwich 
hospital) was 18*42 shillings per ton. This is owing to quality 
as well as location. Cars has been taken to make the price time 
series used in compiling the above table as comparable as possible, 
but the results are approximately rather than exactly correct. One 
source of error should be noted; for copper, coke and tar English 
export values are used and compared with internal U.S. figures. 
In general this will overestimate the internal English value and 
make the figures in the table a, little too low*

~* « • '•' p

Sources: U.S. Historical Statistics
Statistical abstract 1903.
Bulletin of the department of Labour No. 39»

-"*".''' . '''.•;

U.K. Board of Trade Report on Retail and Wholesale prices 1902 
Parliamentary Papers, Annual Abstract of Trade. .

Costs of coal and capital were significantly different percentages of 

costs of gas and electricity (at the l£ level).

These are clearly the categories to investigate to see whether 

relative prices were different in the two countries. Unfortunately there 

is insufficient information about capital costs. All we can do is to note 

the interesting but inconclusive point that iron, which was used much more 

extensively in gas works than in electricity stations was relatively 

expensive in tho United States in the 1830s. On the coal side the picture 

is much clearer. Coal was relatively expensive in the United States in 

tho 183 Cs. Also in tho eighties and nineties by-products of gas works were 

much more valuable in Britain. Coke and tar accounted for about 75/« of the 

value of these by-products. The sales of residuals in England were a 

high proportion of the value of coal used - 56/S in 1878 and 72^ in 1889.
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The difference of coal and by-product prices could substantially 

affect tho price of gas in the two countries, as can be shown by the 

following arithmetic. Let us assume fixed physical inputs and an 

appropriate exchange rate so that tho same monetary unit can be used in . 

both countries* Let the cost of gas and residuals in England equal 100 

units of money. Coal costs are then about 45 and other costs 55* If 

residual sales amount to 60, u of coal cost ->, total costs net of residual 

are 45 - (60/J of 45) + 55 « 122.

If in the United States coal costs 5Q" more than in England, but the price 

of al: other factors is the same, gas plus residuals costs 

(050/0 of 45) + 55 « 122. . ' v- . .

Rendered prices are half that in England so tha net cost of gas is 

67 - (30/ii of 45) + 55 « 103.

', ••; • ':-' - ' ' ' - , 108

This calculation ignores much but it does give some indication of tho 

effect of full and by-product prices*

Thus v/hilo factor prices explain some of the difference between 

American and British gas prices a large gap is left* The main explanation 

for the remaining difference is the difference between the wasteful 

monopolistic American gas industry and the controlled and partly municipalised 

English industry.

The British gas industry was controlled by maximum prices, 

dividend limitation (the two were often combined by a sliding scale which 

permitted higher dividends if prices wero lowered) and devices to make the



watering of capital difficult. Such control, however, was not sufficient 

to prevent all abuse of tho monopoly position.

As a result the municipalities had begun purchasing gas works in 

the 1870s and running thcni more efficiently* When this happened prices 

were usually reduced, and the quality of nanageisent usually rose. "Gas 

and TCater" a London technical journal, says that in almost every instance
*

where corporations took possession of the works the price of gas was 

lowered* The "Times" co»uaienting on this stated "In all the boroughs to 

which reference has 'been made, a spirit - an intelligent spirit - of progresa 

is to be found actuating the corporations. 11

As early as 1831 the municipalities had a 29/« share of the total 

sales of gas* Ibreovor it was the big towns which took the lead* Gas was 

thus often jsunioipalised and cheap where electricity was most likely to be 

used for limiting.

: In the United States the complaints about the gas companies were

often prefixed with a rhetorical question asking why gas should be very much
1 

more expensive than in England* The companies were said to be technol­

ogically backward, wasteful and unconcerned with the value of by-products*
2- 

Jamea quotes the address of the President of the Aincrican Gas Association to

the Association in 1833 in which he estimated that gas would be supplied in 

New York - by efficient works - at 65 $ per 1,000 cubic feet. In 2878 gas

1* See J.A. Cashing, "A furthor pica to Controls v/ith prayer for such n
investigation into. tho fti'.('s.ir3_ ox* tho J^cchin^on Gr>3 Lir.ht Company 
as* uill lc."d to r.n cogitable ad;ju^t:.:ont o£_j?i-ioo a Quality and 

_of ;:r\s raid a proper protection oi' consuia ?rs.
V/ashmgton D.C. 1B71.

2. E.J. James, The Relation of the l.Todem Municipality to the Gas Supply. 
Wew York. 1836.



coot #2.25 p r 1,000 cubio feet, and A. 25 In 1233. Shia may bo optlmictio
•

but the city v/orka at "/heeling, tfeat Virginia charged only 9^U per 1»OCO 

cubic feet while ooaa companies charged as finch as $5* CO* The waato of ; 

gas v;aa hi£&, being 25;C in Kow Yoxfe against %* in England* The Northern 

Liberties Ccqpsny in Philadelphia alleged valuable agooniacal lic<juor to 

run to waste and the Philadelphia Gas Trust did little better* Periodic 

con^etition seesss to have had the long run result of increasing th'.? jolca 

ea prico wars were followed by a^rcesentB, and the only lasting result of 
the period of competition was irad> ovoriK7dat£szrt iJi plant> particularly / 

distribution caina* Watering of capital sscaa to have been far greater • 

than in Enslond. The Hew York companies capitalised at £26 cdllionj 

when they ezaalganated they raised their capital stock to/47 million* 

Capitalisation varied fros bet?/scn J&6.25 to ̂ 15* CO per 1,000 cubic feet eoid,
/ ' ^ _ ^,;i

whilst eminent 0X3 en^inccra surest that ^2»50 to^5«vO oaa sufficient. 
In London, capital r/na ^2.77 per l^COO cubic feet Gold. Sooa citiea bad
started to run their cevn g&s v;ori^3 and h&H reduced prices oubctantiolly but

1 thcae were very much gaoller xsroportion tia^ii i?i
*- ...

The behaviour of gas prices in the two countries in the l030a 
confirms firstly that American GP& compnniea cx= loited tiioir cjonopoly 
position by short run profit ssasiaioation, and GocondJy tl^at the relatively 
hi$i costs of electric li^'tinp; in England resxltcd in a relatively ouch 
lower cross elasticity of tlczsond between £as a.cd eleotrio lifjhtin^.

Gas prices fell men zx>ro in t!ie United States, ouch GOTO than 
could be accounted for by the factor fall o;' co.il prices. Traditional 
monopoly analysis ou^csts tii^t profit cr^riaisers will reduce prices ohorply 

l» These escaiples cooo ft-co S. «T. Jarzca> _op*clfc*.
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when demand bocaocs raoro elaatic. Tho introduction of olootrio lighting 

In ths United States at tho gna price increased the elasticity of dcc^ind 

for £03 at tho relevant price rango very cor^ictorabl^t It Could not havo 

dona ea in England, Hsnco wo would expect a xaich bigger price roduotlon in the 

U*S* This in what happened*

- Gaa prico 2S73 = 100 

6 big tCKma 18?3 - 100
!•-,.>

•'.' .,;V.}V ".••:•• "iCSS" ' 48
All teems 1878 100

."."' ' 45

London .,> , (2B/B ' - * > 100 )i ' •'' •i • 'i '
I ' 10"7^i "lrv/\. -I'.. • .• - -..;.• 3&fV .....-: . ., . J.OQ
'" • s ' •• • • '""

f. ' • , •" : ,3331 .'.' ' '. ,.-- '-- .. 89

All companies (2JG31 • 100} . , . . . 

; (Sample) 2SS1 000

London 
najor citioa (1031 a 100)

OJS81 100 

1339 85

Source: U.S» K.C. Pa-sor, o.r'^citj^ 1^* 1$7 ond 202
Ut£» P.otunio of the Cns C-jcij-onica and the Board of Trade

Parliassntary papers.
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The market for central station lighting (supplied by electricity 

of gas) grew at a much fr^tor rato in tho United States than in Great

Britain* It is possible to measure li^ht consumption, albeit crudely,
1 

and t-ho results are below, in millions of 16 candle power light hours.

Year

2J869

1882

1890 
1S91

1899 
1900

Supolicd by 
gas lighting

1840

~ 8,880

10,050

United States

Supplied "by 
electric lighting

nil

-_._..„_

~ 4,240 " "

24,500

Total

1840

13,120

24,550

England

Supplied ty 
gas light ir

•

13,320 

19,974

28,084

& Wales

f Supplied 
ig by elec­ 

tric 
lighting

neglig­ 
ible .........

66

2,550

Total
i' "

13,320
. ...._._.. ..
20,040 

30,634

(measured by the growth in the population in towns of more than 25,000 

people, aa can be seen in the following figures. •;

(l) Central station (2) Urban population (l)
, ; light growth rate gror/th rate

per annum- per annum

• (2)

United States 
1869~(1339-90)

England & 
(2381-lBS2}-( 2890-1)

ttiitcd States

U.K. 
(289C-l-(l900-3.)

9.8 

4.6 

7.2 

4.8

4.5 

2,1 

3.6
ti 
2.2

5.30^

2.59/6

1», i First sales of gas and electricity were taken. U.S. gasmles are 
given in H.C. Passer ̂ op.cit^ P 202 & 199. U.S. electricity, sales.
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conclusions emerge. One Is that electricity was at a 

relative disadvantage in Britain where it had to replace gas, while in the 

United States there was so little central station lighting in 1680 that it 

was a question of new consumers choosing gas or electricity* Secondly 

the continued growth of gas sales in Britain, while almost the whole 

growth sequent in the United States was filled by electricity sales, 

confirms the relative high cost of electric lighting in Britain*

ore (a) for 1890 based on the number of arc and incandescent lamps in 
operation (Passer orycit* E? 70 & 206). It was assumed arc lamps were 
used 5i hours per night* For Incandescent lamps the London number of 
lamps: KWh, assumed ratio for 1891 was used (34»7 KSMi p.a. 90/S confidence 
interval 23.4 - 4-1*0). Central station supply is estimated to bo 80/b 
of this figure (b) 1899* 1902 figure given in J.1,1. Gould. Output nnd 
productivity in the Electric .and Gas Utilities 3B99 » 19^2 N.B.K.R. 1946, 
1899 figures estimated by assuming a constant rate of growth between 1890 and 
1902.
British sales of gas are given in the Board .of .Trade Poteens (B*P«P. various 
years.) No allowance has been made for tho uso of gas i'or other than 
lighting purposes. : 
Electricity sales in 1891 are those of tho London Comp.viies. Other sales 
were vory small indeed. For 1^00 the figure is taken from Table 22* To 
convert to a light hour basis I have assumed a 16 c.p. lamp hour took 
5 c.ft, gas, 64 watts in 1889 - 1* and 60 watts in 1899 - 1900.



Chapter 2.

The Gonesis off Poblic

The boom of 1832 was primarily an unsuccessful trial and the

public supply of electricity dates from the early X890s. The first
1 

power stations were established in London in the years 1889 - 92, and

in the early and middle 1890s electricity supply spread to the provinces* 

However aggregate capital expenditure on power stations was at first 

fairly small; the peak period in power station construction before 1914 

cone in the years 18$3 - 19Ck»
*

There are several reasons why electric supply started in London* 

The London undertakings were private companies, while many of the big 

provincial stations were owned by the municipalities, who were anxious 

to avoid too speculative ventures and wanted to see what would happen in 

London* Also the pioneers were anxious to start electric supply in an ' 

area where it would be most noticed. But perhaps most important is the " 

nature of the market. Electricity supply was for electric lighting. 

Electric trams were starting in the U.S. in the late 1880s but were 

scarcely thought of at the time in England, and electric power was under* 

stood to be a development of the future. Electric lighting in this 

country was something for the wealthy individual rather than for businesses. 

For, by the middle eighties, most people had come round to Sir William 

Siemens1 s view that electric lichtinr was the "ligjit of luxury". London 

provided a hi^ income market sufficiently closely grouped spatially

SV ' "

1. For detailed engineering histories of the early London Companies see 
R.H. Parsons, op.cit., Chapter $.



for tho powor stations serving a small area to bo profitable while 

charging high prices for energy, which made electric lighting 2 to 3 

times as expensive as gas lighting. Tho Y/est End of London by the middle 

of the eighties boasted many "isolated" installations, not only in 

theatres and clubs but in large private houses* In some cases the 

wealthy gentlemen of, for example, Grosvenor Square clubbed together 

to provide plant to light several houses. Several of the early supply 

undertakings in fact grew out of such "isolated" installations. In 1883 

Sir Coutts Lindsay installed electric lighting in the Grosvenor Gallery, 

a picture gallery in Bond Street, and the demand for light from neigh* 

bouring residents and shopkeepers led him to begin a larger and more 

permanent installation in tho Gallery in December 1G&W Its success led 

in 188? to the f oraiation of the London Electric Supply Corporation with A 

subscribed capital of over £500, CCO, and plans to extend operations over 

a very large part of London, whoso large station at Deptford and 10,000 

volts transmission lines foreshadowed modern electricity supply practice. 

Another oaae is the lighting of Kensington Court, which Colonel Crompton, 

one of the residents, started in 1835. This grew into the Kensington 

and Knightsbridge Electric Lighting Company, which was in the I890a one 

of the large and successful supply companies. The Metropolitan Eleotrio 

Supply Co. started by acquiring the Whitehall Electric Supply Co* which 

had been formed to light Whitehall Court and neighbouring buildings, and the 

Rathbone Place power station, a private undertaking. The company rapidly 

expanded supply and in a few years of starting had added two large power 

stations to those two. Clubs, theatres, and fashionable shops were also 

ready to take a supply of electricity for lighting and there were successful
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power stations established from the beginning on a fairly large (at tho 

time) scale. The first company v/ith a provisional order which bore fruit 

was the Chelsoa Electric Light Company, vjhich coomenced operations in 1889* 

ita order having been granted in 3JB35« The St. James and Pall Mall 

Electric Light Company found the London club area very profitable* Thd 

Westminster Electric Supply Co* began supply in 1890 and aoon had con*

atructed three power stations. By the end of 1891 over £2 million had
i

been spent on. power stations and their distribution networks in Central 

London*

Table. 11.

The Early London Electricity Supply Companies*
1

Company Connienccment Capital Revenue Units sold
of supply expended in 1891. in 2891.

to the end 
of 1891.

London E.S. Co.

Metropolitan E.S.

Westrainster E.S.

Kensington and 
Knightsbridge Co.

St. James and
Pall Hall Co;

Chelsea Co:

Notting Hill Co.

House to Houce 
(Brompton and 

Kensington)

Oct.

Nov.

Jan.

April

Sept*

June

Jan.

1835

1838

1890

1G3?

1389

1889

1891

1889

&
753,^8
486,926

297,640

240,604

139,458

74,720

67,845

58,376

£ 
15,561

43,747

19,455

13,188

31,898

10,172

1,623 /

8.328

457,300
1,250,233

573,385
385,050

1,067,990

290,458
30,000

230,242

Total 2,018,997 043,972 4,284,658
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Source: Returns of the companies to tho Board of Trade, 
The Electrician, January 1892.

1. Estimated by the Electrician from revenue and price data.
No figures are given for the Charing Cross Co* (supply consnencod 
18^0) and St. FancrcsVestry municipal undertaking 
ooomenced 1891).

Capital expenditure on electricity supply outside London waa 

very small. The only company of a size approaching the London 

companies v;as that at Liverpool* .Although founded in 1B83 it had 

remained tiny until 1888 when it had started to grow more rapidly. 

Even then at tho beginning of 1891 it hpjfl no more lamps connected to

its mains than the Westminster Company, which had only started supplying
1 

electricity in 1890- The London Electric Supply Corporation and the

Metropolitan Electric Supply Co. had respectively 3 and 4> times as many 

lights connected* Otherwise in tho provinces at the beginning of 1891 

there were the small companies e.t Brighton, Eastbourne end Hastings, 

which were left over from the boom of 1882. In tho West country 

several stations were started in the late eighties largely through the 

enterprise of one man, H.G. Massing^ am in 1886. Ho bought Thomaon-

Houston arc lighting equipment and used it in Taunton. The station was
2

a success and was sold to a local company early in 1887* Under

Massinghamf 3 auspices arc lighting spread to Bath and Exeter and by the 

end of 2B91 Bath had 200, Taunton had 90 and Exeter had 60 arc lampa.

1. Electrician. Vol. 26 P 525. 2? February 1891.

2*;4 Electrician^ Vol. 22 P 385 1 February 1889

- Electrician, Vol. 26 P 275 2 January 1B91
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A email lumber of incandescent lamps were also used in these installations* 

They grew subsequently but even by the end of 1895 their combined capital 

expenditure was only r.70, 000. ' ,

: A more important development was the be;;JLnning of publio supply 

in the large provincial towns* Here the municipal corporations played 

a large part> although the tempo of lounicipal enterprises was slower than 

that of the companies, &sny corporations had applied for provisional " 

orders in the 1880s but the first cainicipal power station was a content* - 

porary of the London ones* It was built at Bradford and came into 

operation in 1889. But in general the municipalities were not anxious 

to rush into electricity supply. They did, however, build power stations
1 . • . :- i

very soon after their success had been demonstrated in London. In 1891 

Brighton Corporation started supply in competition v;ith the Brighton
/ ' :•

Company, in 1892 JXiblin Corporation opened their poaror station, and in I 

1893 Blackpool, Bristol, Burnley, Derby, Dundee, Glasgow, Huddersfield, 

Hull, Kingston-on-'Thames, Manchester, Whitehaven and Woolwich followedt 

liteanwhile public supply had been started in other large towns by companies, 

usually in advance of supply in the towns which were to have municipal 

electricity. Thus two power stations were built in Newcastle upon tyne 

in 1389 and 1890, Cambridge* Oxford, Preston and Sheffield in 1892 and 

Leeds and Norwich in 1893» Often where the corporations had been a 

little slow but nevertheless interested in public supply, and a company 

had started operations, the corporation bought it out. This happened in
t f /

Bath, Liverpool and Southampton in 1896, Sheffield and Leeds in 1898
f-l V..V • .- .'. . . - ' A.. • !• '•* ', . . '

and Btedngftain in 19CO. By 1900 the general pattern in the provinces



was established: tho large towns had launicipal supply, while the small 

* towns were in the hands of companies.

The end of 1895 is quite a good statistical vantage point fro* 

which to view tho very beginnings of electricity supply in this country. 

For the first time there are good overall statistics* These are summed 

up in Table 12.

" Table 12.
•»

Early Electricity supply undertakings i.e. those 
which be^an supply before the end of 1893*____

Position as at the end of 1895. 

Capital Expenditure. £000 (Number of companies)

Companies Municipalities

London

Provinces

Total

4,016

1,303

5,319

(10)

(24)

(34)

124

1,060

1,184

(2)

(14)

(16)

Total.

4,240

2,363

6,503

(12)

(38)

(50)

Source* Gadce'a Manual. ' ' 

The figures include some of lay estimates.

The Importance of London stands out clearly in the above 

table, as does the lar^o size of the London companies* Although the 

quantitative importance of London declined later, nevertheless the 

London companies remained among the big undertakings* The other major
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point to notice is that tho provincial companies 1 undertaking was significantly

smaller than the municipal undertaking: while the capital expenditure

of the average provincial municipal electric supply undertaking wa»

£75»700> that of tne average company undertaking was only £54»400.

This gap was to widen with time, as the big provincial towns were further
\

developed by the municipalities leaving the smaller towns for tho compani
\

No good figures of capital expenditure are available until the end of

2395* However the "Electrician" made contemporary estimates and Z have———————— 1

combined them with estimates of my own from G-orke's Manual. The 

resulting figures contain a certain amount of guesswork, and can be 

only an approximation to the truth, i'he margin of error could be as
\

high as £0,5 million, but is probably less. ; t;

Table 13.
r 

Age-rebate Gross Investment Electricity Supply*

Year

1889

90

21
92

93
94

95

: • *u

0.7
0.8

1*2

1.3 -1.5

1.3 - 1.5
0.6 - 1.6

1.4

See Appendix P



One of the most important variables in elect rioity supply 

is the size of area served by one power station. This area has 

continuously expanded, tho rato of expansion being closely allied to 

technical progress* and this expansion has caused many of the organ­ 

isational difficulties in the industry* As we are discussing the 

beginnings of electricity supply it is worth asking why it should be 

economically desirable to have public supply at all, as opposed to th« 

numerous "isolated" ^nstallationa of tho late 1880s. Wot that thesa 

"isolated" plants disappeared *• somo did, but they were replaced by 

others, and by l^CT? xoore electricity ^as generated by users than was 

generated in public supply power stations. There are two principal < 

reasons for having a public supply of electricity* One is that big 

generating plant up to a certain size, is cheaper, both in capital
/

and running cost than small plant. The limit of the economic sir,« 

of generating plant lias Increased over time, as technical improvements 

have been saado* The second reason is that the diversity of peak loads 

will increase the larger the nuuibor of appliances connected, even if 

those appliances are all tlia same kind - for example lights. Because 

electricity cannot bo stored, the si^e of generating plant required la a, 

function of tho peak demand for the appliances connected. But as 

electrical appliances are nearly always used intermittently the 

probability that they will all be av/itched on together is a decreasing 

function of the number of appliances. Tliat this latter factor is of 

as wide and continuing a general application as the former can be seen 

from tile great saving of generating plant rhich was made possible by
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the construction of tho national £rid in tho 1930a. However against 
theoe aavin£S duo to centraliacd £cneration thoro is tho coot of 

the distribution network* A distribution network is vory exnon&ivef 
of the capital expenditure of electric supply eystcaa about 40^ was 

spent en tho gains during tho whole period up to 1914. Transmlsaion 
end distribution coats could bo reduced in three way a, Firstly tha

voltage could bo raised, thus reducing tho crcas-scctional

area of tho conductor. Secondly better insulating zsateriolo could 
bo used* Thirdly cables cou3.d bo &c£o eaoicr to Icy. Also a

• '•' ''' -.

distribution network involves a'^rcali deal of 3CTitohgoas% Thid 
bocoines raoro difficult to deaicn, cmd core expensive the greater 

the volta#G> bat also the greater tho total pcwor transmitted, ; 
because foulto on a cyste:a carrying a lot of power will cause 

onoixaouo aociianicol otroino 01 cv.itchoa. Inadequate cv/itch gear 
oaana that faults cnn cauno conoiderablc da-^a^e to tsachinery and 

mains, end brfte&itena ore proportionately acre expensive with bigger 
plant* Having made these general co^acnto we can ^o on to diocuso 

theco variables in tha yeara oroiaid 1890. Tijo coot per KS5T of 

generating plant fell au tho slso of plnnt increooed, up to a oiso 

of about ICO 2a7« Even this oiso was relatively big for the tisae,

Some of the early Kdican dynas&a had ranged up to thia ciso and on the 

Continent Crocipton had installed 125 KT/ inachinea* J*2.H* Gordon

!• R.K.D. Cromptciu Pemini^cor.c^o. London 1928. P 117.



had built 350 KW alternators for the G.V/.R. in the middle 1880s but

these machines were not successful and disillusioned even Gordon
1 

himself* S«Z* de P errant i was using bigger machine a, of about
2 

450 Ktf, at the Grosvenor Gallery in 1887* but his prodilection .

for using the largest machines possible was not oonznercially very 

successful, partly because of their higfc initial cost* Most 

dynamos were smaller than 100 1G7, and many of the early London 

companies started on dynamos of 50 » 100 ,KS7* Bigger units seem to 

have been slightly more expensive to build and because of the much 

greater mechanical strains involved, more liable to break down* Break* 

downs meant interruption of supply which was undesirable partly because 

of the expense of repair, but more because it was the best way to lose 

customers* Also heavy machinery was unsuitable for power stations
/ ' . * - • ' • • • '

in central residential districts* Largo reciprocating engines made

considerable vibration and noise and neighbours attempted, in several
' ( • • 

cases successfully, to get injunctions against a company causing a

nuisance in this way. To build stations outside the residential areas
• '. . ' ' ' . • ' ' * ' *

would have demanded a revolution in technique. Ferranti attempted 

such a revolution which is better discussed later* It was not however

1. H*H. Parsons, op*cit.» EP 42 ~ 51.

2. R.H. Parsons, op.cit., P 24»
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economically successful*

There was little point in having more than 8-10 generating 

units in each power station. If it was a d,c* station and all the 

plant would be operated connected in parallel, fuel economies could ba 

achieved if about 8 units were installed, but no further economies could 

be realised with more. In the case of a.c. plants where machines could 

not at first be coupled together there was less scope for saving fuel by 

using several generators froa the same boilers* There were economies 

of scale in buildings and boilers, but again not where there ware more 

than about 8 *• 10 units*

Then of course there was the question of the cost of distribution* 

An 800 KIV power station would serve about 26,000 8 c.p. lights* In the 

provinces in the very early days one could not hope to got more than this
f

connected in the central area* On the outskirts the cost of distribution 

raised electric lighting to a level well above that which could be 

Achieved in quit a eesall isolated plants* In London demand was much 

greater but it was clearly cheaper to duplicate power stations after the 

limit of generating economies had been reached*

But to make even the small stations of the early 1890s 

economically feasible required attention to the dribution network. 

Electric lighting in this country was primarily by incandescent lamps* 

It was at the time impossible to manufacture one to run on a circuit of 

more than ICO v» But the cost of 100 v. mains was excessive* The 

Edison 3 wire system was one technique of substantially reducing the 

cost of mains by permitting a doubling of the transmission voltage and
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a further rcfinerwsnt on this was the znoro complicated, but even cheaper,

Siemens 5 wire system.With such voltages it was not economical to have
1 

transmission mains more than a mile long. It was difficult to raise

tho transmission voltage further on a d»c* network, although this was 

attempted. There were two main techniques. One was to use accumulators 

as voltage transformers* They were placed in sub-stations, charged at a 

high voltage and discharged at low voltages* Crompton used this system 

at Kensington Court, and it was also used by the Chelsea Electric Supply 

Co* These battery systems enabled voltages of up to 500 v« to be used 

in the trunk mains, and also enabled electricity to be stored* The other 

technique was to use continuous current transformers, which were a 

generator and a motor coupled together* Tho motor was driven by 

current f rom the mains at up to 3.000 v. and this drove a low voltage 

generator for the lighting supply. This was the well known "Oxford" 

system, pioneered by Thomas Parker, then chief electrical engineer of 

the Electric Construction Corporation.

A much better system of voltage transformation was the use of 

alternating currant and the static transformer. Although the principle 

of the a«c* transformer goes back to Faraday's discovery of -electro 

magnetic induction, the realisation of its economic value in permitting : 

high trcncmiss ion -volt ages and a simple change to low voltages for use 

was of very recent discovery* Gaulard and Gibbs had patented a trans* 

former in 1332 v/hich v/as intended to be used as a device for maintaining 

a constant current for arc lamps irrespective of the number in the circuit*

1* J.A. Planing, Alternating Current St at logs. Electrician Vol.27 H> 582 - 8 
. 25 September



They do not secsi to have appreciated its value to change voltages and 

pennit higji voltage transmission. The first people to do this wore 

Zipernowski Dori and Blathy, the engineers of Ganz & Co. in Budapest* 

By 1835 they had a system of transformers connected in parallel used < 

to transform voltages. In the United States George Westinghouse saw 

that Gaulard and Gibbs transformers could be developed in this way and

Toy the spring of 1836 Stanley, Westinghouse's electrical engineer had a'1 

practical system of parallel connected transformers in operation. In

England S.Z. do Fcrranti sas? exactly the same point. Sir Coutts Idndsay 

had installed Gaulard and Gibbs transformers in the Grosvenor Gallery
t

in 1885 when putting his temporary installation on a permanent footing* 

But the system was unworkable and Perranti, who at the age of 21 had

already mad© a name in alternator design, pointed out to Lindsay the
2 

superiority of the Zipemowski transformer. He was commissioned to

change the system and in 1886 completely redesigned it, and replaced the 

existing dynamos with his own alternators. Generation was at 24-00 v« 

and the current was transformed dovm to 100 v» for use.

Thus a.c. had considerable advantages for transmission and 

distribution. Mains cost less, static transformers were icuch cheaper 

and depreciation due to wear and tear was less than for rotating d.o. 

transformers or batteries. Also their operating efficiency was higher I 

this not only saved fuel, but more importantly, reduced the amount of 

generating machinery required per KS7 of naximum demand. But to offset

.this a.o, generating plant was very markedly inferior to d.c. plant. 

1. H.C. Passer, pp.cit... Chapter 9»

?•• Letter from G.L. Addenbrooko to Mrs. Ferranti, 20 October 1931* 
"> i Porranti private files m.s.



71

electrical engineering had ccncontratad on direct current* It was 

bettor for arc Irjsps and thus the arc larap pioneers had used It* Zn ths 

late eighties and etrly ninotioo it rcac such better ursderatood. J.E.H* 

Gordon, ono of the early pioneers qf cue* after hio experience with a.c. 

at Paddington, turned eway from it on account of its complications

advocated d*c» for th-- Whitehall powsr station of tho Ii'etropolltan
1 

Slectrio Sap-4y Co» D»C« plont was consl^orably cheaporj A«O» plant

cculd coot Trod b?iliv ss icuch eg&ln to tnico as cnch in tbo leto ISSOa. 

The efficiency of alternators wr.s lov?er thna th.^t of d*c. ^oneratora and 

thia ooDnt nioro boiler and online power per KKT of ca'iimua demand* Alod 

rmnine coots v/cro such bi£hsr with a*c^ than with d*o* In tha early 

daya aatornatin^ current stations could oonoujas 2*5 ti;aeo oa Etich 

coal j^or unit ijanoratod. In 1691 tho Electrical Review stated that th*

coal co^cumr^ion of a»c» ctationsi WDO 20 - 25 Ibs* por K
2

compared with 10 Ite. for tho d«c* ctatinns* In 18% when a.c. 

encinoering bed been intcnaivoly cultivated for some years Croonton

eotimatcd tho cvorago thensal efficiency of 7 a«c. stations at 2»3X»
?tihilo that of the d*c. fitntiona v?«i3 3-Q^ ^*io waa lar^oly duo to tho

difficulties of running alternators in parallel* Although IIooTdLnaoa 

had iDhonn in 1C34 that pnrallel ranning vsrao theoretically possible, It 

rarely dono until tlie xaiddio and late 139^ end then aonwtiDoa with 

reluctance. A iiurjbor of early stations ran alternators in parallol

!• R,U, Parcorio, orri»cit_>, P 72*

2* Quoted by K.II, Parsccjs, ^>clU« P 133

% R.H. Paraono, cK?»clU > H? U - G,
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occasionally, a number hod no provision for doing it at all, each 

machine being connected to a section of the distribution network. 

As a lighting load has a sharp pock in the early evening, but is 

otherwise very low this meant that each engine and alternator was 

running light most of the time. Tliis was very extravagant wltii 

coal* Often to make parallelling easier a rope drive was used, which 

again increased the coal coat, D.C, machines were usually directly , 

coupled to engines ana could be easily worked together* Thus each 

engine could be kept on nearly full load, extra engines being brought 

into operation and shut down as the load rose and fell* Crompton 

reckoned that 8 machines par power station could give the best fbel 

results*

In the early 1890*s engineers engaged in a great a*o* - d.c* 

controversy known as ths "Battle of trie Systems"* In areas of low 

supply density it was agreed that a.c. was better* Crompton himself «• 

the groat d.c. protagonist - jut dov/n a.c. plant for the lighting of 

Chelms-ford in 1890* But in tha areas 2iore populated with customers • i 

the quoation was unresolved in the nineties. It is however probable 

that d.c. was slightly to be preferred. The major reason for this 

was that there ?/ere not enough econoaiies of scale in generation for It 

to be economical to think in terms of a big distribution network. Only 

with very big stations is high voltage a.c. transmission a great 

advantage. The early a*c. stations used about 2000 v* in the primary
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mains compared with d*c. voltages of $00 «• 1500 v. TThen thero was no 

point In building stations above 1000, 2000 and JJOOO KW, which was about 

the mintoum efficient size in the late eighties, early nineties and 

middle nineties respectively, and the area of supply was densely 

populated with customers, the length of mains which one would have even 

at 2000 v. was relatively short. The possibility of using accumulators 

with d.c. supply but not with a.c. perhaps turned the balance in favour 

of the former* It is not likely that they reduced costs, probably the 

reverse. Few people seemed to know about the costs of accumulators, 

either their initial costs or the cost of maintenance* or about their 

efficiency and reliability. Sorae people put great faith in them, some 

disliked them intensely. Of all cost estimates those concerning 

accumulators vary most .and are most disputed* Some people advocated
" *'- ''.''*

using them to meet the stations' peak demand, thus economising on other : 

plant, but their hi$i first cost and high rate of depreciation meant that 

capital costs per KET maximum demand were as hi^h with accumulators as 

with generating machinery or even higher. Some stations used them at 

night when the generating machinery was chut down, but this was probably- 

only thought profitable because inadequate capital charges were calculated* 

Accumulators declined with the rise of big stations in the early 20th 

Century, partly because they continually failed to fulfil the reiterated 

promise that sanguine engineers made on their behalf and partly because 

other plant became znuch more reliable. But in the early days they did 

ensuro regularity of supply by providing a standby when the other machinery 

broke dorm. Early plant could be very unreliable and any accounts of the



operations of early power stations stress the endless faults and makeshift
1 

devices one had to uso to keep the plant going* As one can see below

from the case of the London Electric Supply Corporation, interruption of 

supply caused customers to melt away. In the event most of the London 

companies and most of the undertakings in the big towns adopted d.c. 

leaving a.c. for the areas with low consumer density. Naturally there 

were exceptions like the Newcastle Electric Supply Co. and the Metropolitan 

Electric Supply Co. ..

Had it been profitable to supply over a wide area, a.c. would 

have been the better system to choose* There was only one attempt to 

do this, that of the London Electric Supply Corporation, but this is a 

pioneer attempt, which is in itself sufficiently important to merit
* . * • '

discussion, and provides an illuminating contrast with contemporary 

practice, Perranti's first achievement was the remodelling of the 

Grosvenor Gallery plant* He constructed for the first time in this 

country an a.c. transformer system using 2^.00 v. in conjunction with hia 

own 450 K3T alternators, with a generous overload capacity. These dynamos 

seem to have been tho bigjjest in the country at the time. This in itself 

put Perranti in the forefront of the pioneers, but he was not content to 

rest there. He argued that there were still very considerable economies 

of scale to be gained from much larger generating plant. The other 

pioneer advocates of a.c., Westinghouse and Stanley in the U.S., the 

Gonz engineers on the Continent, and Gisbert Kapp in England were content

1. See R.H. Parsons, op.cit..
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with 2000 v» transmission but Ferranti wanted to go much further. He
i

argued that big plant was cheaper in first cost and running cost than small 

plant, that facilities for handling fuel and oil were very bad in the 

centre of the crowded Metropolis, that expansion of the small stations 

then in favour was impossible and even that they might be closed down as 

a nuisance* Savory & lloore did in fact in 1339 obtain an injunction to 

prevent the running of heavy machinery at the Grosvenor Gallery. Ferranti 

vas moreover impressed by the action of the gas companies in moving their 

works out to Beckton and Eothcrhide. He decided on Deptford as the best 

place to put his power station. But as this was some miles out of London 

the transmission pressure had to bo very high and Ferranti proposed to 

use tho then fantastic pressure of 10,000 v.» at a time when many 

authorities considered that insulation for more than 2000 v* was impossible*

The conception of the scheme was of breathtaking originality, 

and earned for Ferranti the title of "the Edison of England". It involved 

a complete departure frora existing practice; nearly everything had to be 

designed completely from scratch. First there was the question of 

generating plant. This had to be big and Ferranti proposed five giant 

alternators of 75^0 Kl? capacity, well over ten times the size of anything 

constructed at the time and about seventy times the size of the usual 

generating unit. 7/hile they were being built he constructed 8CO KST 

alternators which themselves were very big for the time. The 7500 K8T 

machines were to be enormous, although they were never finished. The 

masaive reciprocating engines were to be made by Itlessrc. Hick, Hargreaves
' ' x1 " "*

& Co. Ltd., of Bolton, who had built the smaller engines for Deptford*



Their crankshafts were forged from steel ingots weighing 75 tons each, 

these being the heaviest ingots cast in Great Britain at that time. The 

fly wheel alternators were to weirh 575 tons each and were to stand 4-5 feet 

high* Their casting was such a lar^e Job that Kruppa of Essen wore unable 

to promise delivery in less than 3 years, and so the work was undertaken in 

England with specially constructed tools* Apart from the casting

the alternators were being made entirely at Deptford under Ferranti1 a
1 

supervision with special lathes and other tools* The building also had

to be on a massive scale as opposed to the other power stations of the time, 

with light machinery which could be housed singly* in some cases, in . 

existing buildings* It was not only the electrical machinery that Ferranti 

had to supervise, he also designed a multiple steam pipe for the boiler
/ * •.••..

plant while working at Deptford, which was an improvement on existing steam - 

practice. Ferranti1 s transmission system was if anything more original 

still. No one had ever designed a transformer to deal with 10,000 v. f 

and so Ferranti built one himself and had to devise his own way of testing

it as no adequate testing instruments were available at the time. For
2 

his cables Ferranti chose jute insulated concentric cables manufactured

"by the recently f ormed Fowlcr-Tfarin-j; Company. The cables from Deptford 

were laid along the railway track which was simpler than getting authority 

to put them underground and probably much cheaper. But although tha

. Vol.28 P.591- W*ay 1891. '

2* P,V, Hunter & J.T, Hazoll, Devclorxnont of Power Cables, London 1956.
Chap. 7*
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cables were electrically catiofsctory, they were vary 
susceptible to c^tchin^ fire froa tho opnrka and cindcro of paoaing 
en(*lnea* So Pcrranti come to tha conclusion that ho must design and 
construct his own mine. He chooo a concentric cable insulated with 
paper* The use of paper aa a dielectric for power cables was a notable 
innovation and waa cxtreooly valuable for hi&h volta^o mains* The 
revolutionary £osign pf hio cables wns opposed ^>y the Boord of Trade, end 
to convince thsa of th^ir onfety Ferranti devisod a tost thereby on* of 
hia eaaistants hold a chisol which WAO tf-jon driven thresh tho maino* 
Tho assistant ctjrvivcd ©r^: the Board "of Trado wore eatisfiod, Svcntunlly

•, •
Ferranti ovorcruna all the engineering difficulties, solving the host
of small probl^na which alnr^yo arise whon innovations of tliis ina^nitudo arot 
boine carried out. By Karen 3B91 h<5 tvaa ools to report to his Directors

''

that "no engineering or electrical difficulties whatever havo arisen which
I have not bocn able to ovorcono, and at the nreaont riotnent I know of no2 "
weak points in your oyateja." % this tioo Grosvenor Gallery vaa a sub-

, atation and all current was gonerfnicd at Dop
Tho Doptf ord ecl^Cuio wna a work of genius. It sveuu a magnificent 

encineerini^ achlevoncnt^ but was also mo-re than that. For it was the 
firot CDbcxlinieat of th« iwx?.om system of electrical supply with large

.• 
. ."•' generating ot at lend 'and «%h voltaic tranatuiodion. Tho title of tho*'• 

"Kdisori of Kn^land" wr;o & doaorv^d ono s for Ferranti had cor&inod the same
quality of vision with tho sa^s ouality of engineering ability that Edison 
hod ohowod In Wcw jforlc Citv cirht years beforo. Y«t the Jx>ndon

X* For a #*aphic fioccriptioa of bio uorfc co<s G.'-i. do Ferranti & R. Incet Tho Life and Letters of S.Z de Ferranti, London 1934- H» 57 -
Knclncors Rnp<.>rt to tho Dircctara of the L.'&.S. Cor;-»rAtinn. \ L-!ftr«h
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Supply cohere was coanercially a failure* By 10% it waa in tho hands 

of the Receiver, in 1G93 ita capital wao reduced by a third, and dcapito 

this no dividends vjore paid on tho ordiiiory capital until 19C£, b.v which 

ticsj the other London companies had been paying bfindouae dividends for 

•tiae* This waa not because of tho engineering of the system. Ferranti 

waa rljat in aaying that there wore no weals £>pints. In 1912 the 800 KBT 

engine alternators and,tho original -cable* were etill in use. The hu^-d 

75^0 ^' raacliinoa were never built but in 2B23 tho coapcny ohowod ito 

confidence in Ferranti auicalnory by buying a 1000 KZT altornator from him, 

Tbo iiaaodiate couso oi* the financial failure of the Iteptford schema ^s^ns 

that in its early yfeaw it woa ran very far bolov; capacity. Ferranti hiaself 

later:.- attributed the failure of Doptford to th« action of the Board of
iTrade in carving up London for electricity supply purposes into eaall areas* 

The Board of Trade had held an inquiry into electricity supply in London 
in 1D3$» tthen all theae ^ciiojicsfor public oup ly were about to be put into 
practice* The basic philosophy Ixjhind the rcco/a^nctationa of llajor

who ccaiductcd the Inquiry cecca to iiava been firstly that any lar^.o 
lopoly of oup;-ly wac midooirabie and, cecondly, that cuatoaors 

ou£jlit to have aa'ao choice of supplier* Ilajor i^arlndia cooas to have been 

l.preoaed by tlie £reat arcuaent bot'joen engineers aa to the relative toorita 
of a a.c. and d.c. and so rocor.nx^cd that, cuawoaor^ chould if pooolble 

have a clioice ootv/oon tho t?/o. This affected the London Supply Corporation

1* Lettor to tho tin; Inocr, December 1929* Ferranti privato files*
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on both counts. The area cf supply granted to them by tho Board of 

Trade was much less than they applied for and in the area north of tho 

Thames, where most of the demand existed, provisional orders were also 

granted to competing d*c. companies. As might be expected the Deptford 

scheme had bad teething troubles, Thero was a firo at the Grosvenor
A

Gallery sub station in NovczEbcr 18SO, which caused a-^iuctdown for three 

months, jutt when people wanted lighting most. On the eve of the fire
f

there were 38000 laaips on the company* s mains; when supply restarted in
1

February 1891 only 9000 remained. Tnc following autuan the system went

over to the full 100CO v. transmission and this caused numerous faults 

end interruptions of supply on many occasions. In Noveniber 1891 supply

was interrupted for four days. By the end of the year there were only
2 . • • 

36000 lamps connected. After this tho plant became znoro reliable, but

tho damage was dene; once the competing d.c. companies had distribution

networks in most of the street of the area, it was very difficult to
04 

break in. Table xshcr,?s how slow the growth of the London Slectric

Corporation was coiirporcd with tuo of its big rivals. The Westminster Co* 

operated as & competitor in some areas. The teething troubles of the 

system seem, to have lost Ferranti tho confidence of the directors.- Of 

the original subscribed capital in 188? of £535,000, £220,000 was put up 

by Sir Coutts LincLsay, another AB,885 by Lord V/antage and nearly the

1. Report of L.E.S. Corporation for 3B91. Electrician Vol. 28, ^ 58? - 8
1 April 1892.

2. Report of P..W. D f Alton, engineer of the L.E.S, Corporation, March 1892. 
He was Perranti's successor. Electrician Vol. 28, 2$ ISarch 1892*
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whole of the rcat by 26 other shareholders. Ferranti had obviously 

captured the imagination of Lindsay and Wont ago for at first they 

backed him against nearly all engineering opinion at the ti^-e, which 

regarded Ferranti's scheme as quite mad. Bat by 1391 their financial 

resources were bee&ning exhausted* The shares stood at such a discount 

that they could not raise sioncy on debentures, and their great gamble did

not seem to be coming off, especially .'if ter the Marindin report and tho
1 

Grosvenor Gallery fire* In August 1891 Ferranti was dismissed and it

was decided not to proceed with the 7500*107 alternators.

Table 

Lamps connected at the beginning of each year in OOOs*

0891 1892 1893 1894. 1895 1896 1897 1B96

London Elec- . . • »
trio Supply 38 36 66 66 74 100 120

Metropolitan
Electric 43.5 86 128 164. 204- 256 310 354-
Supply Co*

V/estminster
Co. 12 64 ICO 132 168 210 250 270

* November 1890. ' :

Source: Electrical Trades Directory 1393.

1* F. Sailey. The Life and YTork of. S.Z. de Ferranti, 1364 - 1930
//:• Address to tho Electrical Power Engineers Association 1931*

; f Privately printed by Itorranti Ltd, Hollinwood.
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Government policy and lack of f inanco is then sufficient 

reason for the failure of the scheme , but it is worth trying to see 

whether it would otherwise have succeeded. There are two matters to 

discuss* One is whether, had the scheme been completed, supply would 

have been cheaper than from tho sinall stations which provided electricity 

for most Londoners. The other is whether even if electricity from 

Deptford had boon only a little more expensive than it could have been 

from elsewhere, much of the chaos which quite quickly developed in 

London's electricity supply might have been avoided,

It is difficult to do much more than approach an answer to the 

first as there are not even estimates of how much a completed Deptford 

would have cost. Also to moke matters worse no figures of capital
/

expenditure from 1891 to 1893 exist* The actual Doptford had a very 

high capital expenditure per lamp connected* In 1890 it was £17*2 • 

By 1898 it had fallen to £7.1 but in the interim the capital had been 

reduced by 1/5 and fixed assets were probably written down by a similar

amount* In 1891 capacity was about 90,000 lamps, although to supply
1 

them properly more money would have had to have been spent* Hypothetical

capital cost per light would thus be at least £3*5 - £9, probably more allowing 

for connecting consumers to the mains* But a large sum of money mist 

already have been spent on the two 7500 KJV alternators, which would have 

brought capacity at the power station up to about 540,000 lampa. How much 

more would have had to bo spent on them, and how much on connecting the 

lamps to the mains cannot be known but it is scarcely conceivable that the tot a] 

could amount to less than £l+ - 5 per leap. Even then it was only

1. Probably about another £50,000.



82

approaching the actual cost per la*np of tho other companies as oan bo 

seen from Table.
Table 15. 

London CompaniesJOapital Expenditure per lamp.

Company Number of lamps

London E.S. 
Corporation

1890 actual 
1391 estimate

Chelaea 
1891 actual

House to House 
1891 actual

Kensington and 
Knightsbridge 
1891 actual

Westminster 
1891 actual

St. Janes and 
Pall Hall 
1891 actual

Metropolitan 
1891 actual

33
90

26

20

38

86

Capital 
Expenditure

£000

653
768

75

36

a
340 

297

Capital 
Expenditure 

per lamp

17*2 
8.5-9

2.9

3.9

3*7

5.7

* Later fell.'

Por the years 18%. «*• 6 inclusive for 10 London undertakings 
excluding the London B.S. Corporation the urLveighted average 
coat per lamp connected was



Had the original scheme been adhered to and all five of the 7500 KST 

alternators been constructed capital costs might have been smaller, 

but probably not by ouch. It is more likely that they would have been 

more expensive per KW than smaller plant. Reciprocating engine 

alternators of this size were never built* In 1905 Manchester 

Corporation bought two 4000 Kff reciprocating engine alternators, which 

were said to be the largest in any power station in Europe* But thi» 

was the limit and all bigger subsequent units were turbine driven.

High capital costs could be Justified by jauch lower running 

costs* But running costs with this plant were unfortunately high and 

would have been even higher with the very large machines proposed. 

J?erranti wanted to build his large station partly because large engines 

would use less coal per ICiVh generated than small ones* But on the 

other hand engines running on a light load were very wasteful of fuel* 

The combination of the sharp short peak of the light irg;.load and the
tT'"

difficulty of running the alternators in parallel meant that the 

engines were on a light load much of the time* A fortiori the 7500 KIT 

machines would have been more wasteful. As opposed to this what • 

Croaipton had learnt from hio experience of the running of the early 

power stations was that the way to reduce coal costs was to divide the 

station load between about eight machines and so run them as much as ; 

possible on full load* This question of fuel economy and the fluctuation 

of the lighting load seems to have been neglected oy Ferranti* The 

problem of coal costs would have been solved if the London Electric 

Supply Corporation had had a sufficiently high rate of growth* Also



capital costs would have been lower if the full station had been built 

because the costs of innovation would be more widely spread. Even then 

it is not likely that the latter would be even as low as those of other 

stations. On this point, however, Ferranti seems to have over-estimated 

the rate of growth of demand. Deptford was planned for one million lamps 

and by 1893 the number of lamps in London had topped this mark. The 

London Electric Supply Corporation accounted for only IQ/'o of these, but 

even given more liberal treatment by the Board of Trade could not have 

hoped for such more then half of them* It is difficult to imagine that 

J>eptford would have had one million lamps before 1900. And as it would 

probably not have sold electricity any more cheaply, tho rate of growth 

of supply would not have been higher than it was.

y" Ferranti's scheme foreshadowed future electricity supply 

practice* Could it then be argued that it would have been better to 

establish electricity supply on his lines even though in the 1090s this 

was perhaps more expensive than tho mothocls used? There are three 

points to be considered here. The first concerns future technical 

progress. Later bigger generating sets were developed which v.ero 

cheaper than the small ones of the early IB 90s. Transmission pressures 

were raised, and the cost of supply fell. If Ferranti 1 s scheme had been
V

tolerably successful it might have stimulated electricity supply engineers

and electrical manufacturers to devote more effort to increasing the size
/

of generators* English engineers do ceem to have been excessively 

conservative in the later 1890s, and by 190C English electrical engineering 

was very backward. There was particular backwardness on the a*c. side*



There are however other factors which contribute to this.

Secondly if a supnly system is coranitted to small stations and

d.c« networks this might be more expensive some years later, than if a*o*
i

and big plant had both been adopted from the beginning. This would be 

the case while the costs of wholesale conversion were above the present 

value of expected future cost savings. But this could only be

important with fairly, slow technical progress, and the losses to the
/ 

community would be small. Also as demand was graving it was more a,

question of expansion than scrapping. New, efficient machinery could 

be installed and old machinery used for meeting the peak load. When 

thero was no more space in existing power stations big ones could be 

built outside the town, and the old ones used as sub stations* The 

trunk mains could be a.c. and converting plant jut an the old power 

stations, thereby using the same old distribution network*

The third question, is organisational. The continual growth 

of the optimal supply area laeant some amalgamation or supersession of 

companies was desirable. In the event this was difficult* This problem 

really arose, however, only because of the inadequate public utility 

control of the time. It will be later argued that a good cose could be 

made out for largo private monopolies in electricity supply. But it 

is clearly not the only way the problem could have beon dealt with.

All told the late eighties and early nineties were a period 

of much exciting innovation in British electricity supply. Although 

public supply started late in this country there waw little general 

experience of large scale supply anywhere in the world. In the U.S.
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where electric lightin£ had developed moot rapidly, moat power stations
1 

were very small* Bty 1891 the average U.S. undertaking had 2 «* 4000

lamps connected. Only in New York, Chicago, and Boston in the lata 

eighties were there stations comparable i& sise with the ones being planned

in Britain* The quality of English engineers was high; there were many
2 

exciting improvements in machinery and mains. The industry was in

the hands of engineers and they were able at this time to find enough 

capital to carry out their schemes. The general cyclical upswing in 

the economy from 1837 made borrowing easier. This was reinforced by 

the electric lighting Act of 1888 but oven without this Act the abundant 

general supply of funds relative'to demand made it easy to get capital*

They had learnt from their mistakes in the early 1880s and put electricity. /
supply in a sensible economic position - one'where the factor endowments

of the British economy were properly understood. There was considerable 

co-operation between electrical supply undertakings and the electrical 

manufacturersj in many cases tho same people were involved in both* v " 

Crompton planned the Kensington and Knight abridge Company and was also 

manufacturing scsno -of the plant ho was to use there. Fcrranti ran a 

small manufacturing business all through the time he was working at 

Deptford. The Isleotric Construction Corporation headed by Thomas Parker 

designed the Oxford plant and also constructed the electrical machinery • 

for it. The Brush Company designed and n^inufacturcck the plant for the 

City of London Electric Supply Co. and was responsible for putting the

1. See H.C. Passer, op.cit.., P? 30, 121 and 150.

2. See R.H. Parsons, op.cit., and P.V. Hunter and J.T. Ilazell, op.cit..
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system on ita feet. Technical change had proceeded rapidly in 

lowering costs and it was clear that more progress would take place. 

Thus in the early 1890s one oould be really quite optirdstio about 

tho future*
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Chapter 3* 

Electricity Supply 1896 - 1914*

By 1896 electricity supply was f irmly established in this country* 

The experience of those places which had pioneer stations showed that the demand
•\

existed at prices which were profitable. Several municipal corporations 

had built power station, and encouraged by their success many others followed* 

Capital expenditure by the isunicipalities rose from 1893 at an increasing 

tempo* The demonstration of the practical success of electric supply 

coincided with the rise of the municipal trading movement which reached its
i

peek around 1900* Company promoters saw the success of the London and 

provincial companies and as soon as the cyclical upswing of the late 1890s
/

made finance easier to get, company per/or stations began to be constructed
• .

all over the country* The pattern was typical of the one noted more widely 

by Schumpeterj first there was the pioneer innovation in the late eighties 

and early nineties and then with the next trade cycle came widespread 

imitation innovation* The voluice of construction makes the investment of 

the very early days look very small indeed. In the three years 1897 "* 99 

inclusive as ouch was spont on public supply as in all the years before 1897$ 

by the end of 1903, when the booia in electric supply construction was
•
breaking, five times as izuch had been invested as before 1897* Thereafter

•

the rate fell off, but continued throughout the period at an annual rate / 

higher than any in the early days. Tables 16 & 17 give some relevant data; 

the latter shows the large number of new undertakings established and also 

shows that existing undertakings were growing rapidly enough for the average 

aize to more than double itself*



Table 16. . 

Gross Investment in British Electricity Supply 1896 - 1913.

Year

0896

7
8

9
1900

1
2

3
4

5
6

7
8

9
1910

11
12

13

Gross Investment 

£000

1,972
.2,472

3,285

4,822

6,260

6,5C2

7,349

7,6C2.

5,241

5,361

4,582

2,892

2,734

2,603 c

2,722

2,8Q5

1,633

3,335

>: Calculations from Garlce's I£anual
•axurra..*.^..!--3-O7.Q- TP/NV* inrt-H-vrtrie r\4* r

Additions to capacity of 
generating stations*

20,236

33,446

60,175

79,608

107,099

92,352

80,352

93,607

106,667

83,U9

102,121

38,527

•54,910

70,350

97,019

184,487

117,332
V

of Electrical Undcrtakinrs*
^<\r->rM»4"ts^ 4 r\n nr\A ^'S.4' 4r.-»«%4"4 f^n

seo Appendix P486.



Table 17-

Average sizo of Supply Undertakings Tunnsured by
capacity of generating plant.

Tear Approsimate 
Number of 
Supply 
Undertakings

1896 124

Number 
with 
reliable 
statistics

107

Average 
size of 
undertakings 
in Col. 2. 

Klf

870

Number of very large 
undertakings 
10,000 KW and above

1900

1903-

1907
1912

210

332

' 380

391

133

275

297
'295

1510
1890

3COO

4460

4

9

19

m Figures as at 31st December or 31st March the following year* 

** A few very small undertakings may be noissing*

Source: Garke's Manual.

By the end of 1903 ail the bigger towns had electricity supply, 

although only a very small proportion of their populations had electric 

lighting. Before 1914 only a fringe had electricity in their houses*

In 1910 L. Crouch calculated that in 60 inland towns electricity consumers
1 

were l«5/o of the population* As each house had only one consumer but

1*. L. Crouch. Electrical fleveloTxnont in Industrial Areas. S.R. Vol. 70, 
PP 75 - 6 & 117 - 9- 12 & 19 January 1912.
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several users the porcentage of the population using eloctricity was much 

higher: in industrial tovms in 1911 the number of persons per house 

varied between 4« 0 and 4*5 and this would make the number of persons 

using electricity in the big towns range from 6.1?* to 6.6;c of the 

population, excluding domestic servants. In 1903 the percentage was 

very much lower. Electricity was still very largely for lighting, 

although from 1900 on, public supply stations started selling electricity 

to the new electric trass/ays.

The municipalities played a very important part in this. L'any 

municipalities had built new central stations in the late nineties and in
\ , .

the early years of tho new century, while existing ones had been rapidly 

expanded. By the end of 1901, 6l/i of the connections to public supply 

mains (iseasurod in Kftr) we're to namicipal mains, and by the end of 1903 / S 

the figure had risen to 68^. This was a peak figure but the percentage
/' ,'.'•'

fell off only slightly in the following years before 1914.

Table 18. . '

Connectiona to Public Supoly I.lains.
• i .• j

Year Municipal Supply Coarpany Supply Total

3B96 N/A N/A 115,000

1901 224,300 353,100 394,400

1903 448,141 207,626 655,767

19C7 823,550 . 426,516 1,250,066

1912 1,218,585 630,424 1,849,009

Source: The Electrical Trades Directory* N.E.S. Co. Historical Statistics*

!• J.H. Clapham. An £cona:iio History of Modern Britain. Vol. 3 Cambridge 
1951. P459
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Increases in demand for electric lighting seem to have been the 

main motive force behind the boom. There is no real evidence of supply 

stations being built ahead of demand. On the other hand, there is 

evidence that in some places at least the demand for electric lighting waa x

consistently underestimated* Edinburgh Corporation found in 1397 that
1 

its estimate of revenue for tnat year was only 8Q^ of the actual figure*

In September 1897 Sheffield Corporation, having the year before bought the
2 

! electric supply company gave notice that it could accept no more customers*

The immediate cause was said to be the non-delivery of plant owing to the 

great engineering strike of that year, but their having no reserve capacity
\

indicates the pull of demand. Early in 1893 Sunderland estimated its3 . l.'-;
demand for 1398, 1899 and 1900; the estimates were 98;,;, 83# and 69/j of

the actual totals. But perhaps the beat example of this is Manchester. ; 

Initially the system was built for 4C»COQ lamps and opened in July 1893 j 

by March I894f 40, COO wore on the mains. Plant was put down for another 

16,000 lamps; by March 1895 » 66,934 laaps were connected. Thus a big 

increase was planned to bring total capacity up to 120,000 lamps; by the 

time the plant was ready to come into operation 143*398 lamps were connected. 

Then there was a rushed .job to provide another 50. COO lamps capacity. There 

was no time to build a new station so some of the machines installed only - •

1. 3.R. Vol. 40. P 733. 4 Jims 1897*

2 » fl'K- Vol. 41, P 409. 24 September 11397.

3« .S«R* Vol. 42, P 550. 22 April 1898.
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four ycara e&rlior wore &old and czsctt with ft lar&or output installed*

the end of ;..«$- 1397 t^re iscro l!t5»OCO Icmrja connected and 12*840 on
1 

tho waiting list. The rate or growth o£ su^pV «?» for aix>vo the

Corporations expectatipna, doubling a# it wwa sverv year. It hod been

c::pec'vCd that th9 original plant would Ifcnt for throe years, but in&tcad
2 

thero were thcao haaty additions » and severs overloading of ixUmt* Wot

that the matter ended there* 2/eoiatyJ cont5Lnuod to increaao GO 

that in the e^rly psrt of 1901 th« electric lifting cooxiiittoo was ot 

vits* ends to knt^w what to do ts D^o^t It* Thus they liacl to start on

the extensions to the new Stuart Street central station before tlio
3 - , 

psrt wa« open* Hot really until inarch 1$0^ was there thoujiht to be
:•-•. / • 4 - .

plant for the noxt year or oo*

Another picoo' of evidence to support the view thnt it waa the
I

pull of demand which doiegKdncd tho tl^iin^ of central atation oonatruotion

is the attitude of tfce faunlcipalities* Very ready to trade } yet coroful

to avoid speculative <jnterpria«s, they built fairly cautiously,

did not EOS the creation of aen^d «& one of their functions at

^ The hi^ defuand Tor cleotricity f or lighting in the lato ninotlce

aesna principally to havw bocn due to tiia growing appreciation of tli®

of electric Uniting and to reductions in tiie nrice of electricity

1* a.H> Vol. 40, P. 74-3. 23 Uay

2* £.1^ Vol. 33 P. 237* 21 February l£*

EJL*. Vol. 50 P, 896. JO May 1902.

E,R> Vol* 52, K>, Ji9l - a. 6 karoh 1903*
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and to a leaner extent of li^ht bulbs, during ths 162C3.

Tabl* 19.

-.rico of

Year-' Sfurfcac cf Averse pric<* Variance,
unacrtakingo p«r
in Gftinpla . VU.t67

7.2?

1893 20 4.74 1*21
20 3*63 1«17

Calculationo frosa tho yjlectricigji and Coirko * o

It za*vy haws boon stirmlat^d by tha building b^cci which
1 

arouM 1395* and ths general indus trial b-iajrt of t):o late

charooteriood co it waa by very heavy ttomGCtic invcnt.-aont. Hcsr important 

the building boo.u is, is difficult to 00^. .For «ny ncv? building the 

coat of «loctric li^htin^ x^tlativa to gtta ll^xt.ln^ was ffnch Icwor than 

for old cnoo, which wore ftlrcndy carcas.^d for ^a«« Aleo tl^e initial 

coot of wiring old houses, cjs it had to bo dcrto by tho conouaar, could noli
\ " .

o« an o'octnol«» flven if tho Adaption of electricity would be 

Juotif Id!* Electric sup ly jnoins wero only laid in the mid^lo of

fl. iVcbcr, A Uo»7 Iridcx of fioaidcnticul Conatruotion and Long Cyolos in 
Building in Groat Britain 3B 'B •» 1950. Ijoottish Jcxinml

. 2 I-P 1C4 - 132.
J*P. Lr.iia, Indices of Hcuoc Buiiifjip in tho &&noheatcr Conurbation 

Walca and Great Britain, ^id...^ Vol. 8 Pi? 143 - 56.



and thus all new funding on the outskirts is irrelevant. But there was

& considerable amount of reconstruction all ovsr the country in the
1 

housing -boaii of the lato nineties.

A largo proportion of electricity wes sold to shops and offices, 

and they v;ould bs stimulated by the upturn of the business cycle* Better 

"business conditions would stimulate the remodelling of tho bigger shops
>- ' ' ;

and they would be likely to install electric lighting as port of their 

modernisation schemes* • : ;.'.<•;

In this situation it was not in general to be expected that 

lorgc scale plant, fully exploiting all possible economies of size should 

be laid down. Paver stations had new plant put piecemeal into buildings 

designed for smaller plant; there 7/as often no time to plan tho whole 

system in an ideal manner* V.'hat makes this important is that the possible 

economies of scale tvere only potential. Planning and building bigger 

individual pieces of machinery y/as the responsibility of the engine, dynamo 

and boiler makers '.but the planning of tho system as a whole was in the 

hands of the electricity -suppliers* Also they vvere the ones who had to 

decide to try new types of plant, whose delivery dates were longer than 

tiled units. For by the middle nineties the design of power stations had 

passed out of the hands of the manufacturers of plant into those of 

consulting engineers , who were appointed to build and extend supply systems* 

VTitii rare exceptions they wore completely independent of the manufacturers,

1* . A.K. Caimcross. ITotr.9 mid Foroi.fn Investment 1870 «* 191J* 
Cambridge 193.3. P 2?.



The municipalities were used to employing consulting engineers for other 

works liJke buildings and sanitary schemes and naturally extended this 

to electricity supply* The optimum size of generating machinery was 

extended during the 139Cs, as manufacturers were able to design larger 

units satisfactorily* reducing the cost per KW at the same time* But 

partly because of the factors mentioned above, the size of generating unit 

installed was a good deal smaller in general by the late IS 90s than was 

the case in the United Spates or on the Continent of Europe* £|y 

September 1900, when American and Continental influence was becoming 

important, the Bloctricftl Review corrciiented that only in the last few years 

had British manufacturers had a demand for dynamos above 300 KVST,

But apart from demand there was one factor on the manufacturing 

side which reinforced this tendency towards small units* This was the ^
/

success of the high speed engine. Its development and use for driving 

dynamos was extremely valuable, and peculiarly British innovation* The 

utility of a high speed engine for driving dynamos was apparent from the very 

early days* The desirable speed of rotation of dynamos was high relative to 

that of most steam engines, 400 - 900 r*p*m« as against under 200. At first 

rope driving was adopted to provide the necessary gearing but the consequent

loss of power made direct driving attractive. Direct driving with high speed
1 

engines springs from the co-operation between Crompton and Peter Willans

1* Born 1851* Apprenticed at the ago of 16 to Messrs. Garret and Marshall
at Leeds. Then he worked with J. Perm and Sons of Greenwich and 

"' llessrs. Hunter and English of Bow on marine engines. In 1880 he went 
into partnership with Mark Robinson to develop his high speed engine*



Table 20.p " • -, •

Prime movers installed in British central stations. 
m ________ 1888 - 1902 • Percentages. ________ ,

Year All high speed reciprocating Willans engines 
;..... engines^

Up to and 
including 
1892 _ 60-93 ., 43 -84

93 - •-•{, 52 -82 .., V». «• 70
94 43-85 30 - 58

,95 -..;. 44 -80 . 34* 62

96 ., 34-65 25 * 47

in ;,>. . 50 -73 „ .37-54
98 59-64 . .;. 33-36
?9 55-84 ; 30-46 ;

1900 70 -75 39 -W»

oi 45-49 22-25

JU Known to oe high speed engines, Soaio small amount may t>o excluded* 
• Percentages are given in a ran^o because of the Inrge nunibar of 

prime- Hovers .-of unidentified ctaicers* . She sinalier percentage is 
of all prime movers; ths larger one of identified prime movers*

Source: Calculations from the E l?c t r ical Trade s Direct ory.,

The ran;1*; oi* the abo^*o fibres is rather T/i5c. Some chock cones from 
other sources. in January 1392 the iiiiectrical. Review stated that 68/u of 
the h.p. of prime movers in all British Central stations was in Willans 
hi^h speed engines. itetailu 7/ere given on the same month of 45/J of the 
total horse power installed, 8Q^ of this was in the Willans engines.

En r rine or s Central _ J>t at • ionj)ircctory gave details of prime 
movers installed up to the end of 1&9?» 
Percentages are:-

All high speed engines 55 - 59 

Lilians engines 39-42



in 1879 - 80, V/illans was developing high opeed engines for launches and 

yachts. Cronrpton. was a mechanical engineer who had just become interested 

in electric lighting. Together they cams to the conclusion that the 

generating set of the future would be a high spaed engine coupled direct- ' 1 . ...•'•;.
to a dynamo. They made their first central station installation using

2 
six 125 &V Willans-Crompton generating sets in Vienna in 1883 -6.

Such was the success of the Lilians engine that all the London d.o* central
3

stations of 1883 - 92 used direct coupled Willans engines. Those high

speed generating sets were initially cheaper than slower ones, and their fuel
>

consumption was very lew. As a result high speed direct coupled units 

became standard d.c, practice for the 1390s. Yfillans engines retained 

their pre-eminence although other manufacturers also made high speed

engines* These engines v/ere admirable when small i.e.* below 200 KS7» <
4But it was difricult to build bigger ones, and they did not work so well.

••;•••• Even the big supply undertakings with more than 10,000 OT 

generating capacity had small generating sets. Many of them had a number 

of central stations. Several of the London companies had had several 

stations from the very early days. Perhaps the most extreme examples of 1 

the duplication of small plant are the Liverpool Corporation power station 

which as late as 1901*. had 73 generating units aggregating 24*825 &? and

1. R.E.B. -Crompton. Reminiscences . P 89»

2. Ibid. P 105.

3* R.H. Parsons, op.oit. PP 72, 75, 78, 84, 97, 103* 10?.

4* H.H. Parsons, op.cit* ?
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the tfestadnster Company v/hich in 1903 had 49 units aggregating 9t330 

in threo power stations. But there were soiac big power stations which 

attempted to extend the frontier of scale economies* It is useful to 

consider thesi under two headings, first t'">e big power station^ of 

existing underto-kings, and second those of the power companies, most of 

which were founded in 1900 and 1901. Discussion of the latter is best 

deferred to the next chapter* " . .
•».

As the load on the early stations in tho centre of towns grew, 

and improvements in electrical machinery continued it becan to be 

economically sensible for a supply undertaking to build a big new station
i <_'

some distance away f roiri the centre of its supply area and transmit at 

h voltages. This was facilitated by three very important innovations,

products of the 1890s. The first was the introduction of polyphase
1 

alternating current. Tho second was the use of paper insulated cables*

The third was tho development of the Parsons steam turbine. • 

The initiators of Tx>l,yphase a.c. were Professor G. Ferraris, ;
"" 2 "•':;

Nikola Tesla and Von Dovilo Dobrowolsky. It was intensively developed

in the United States, particularly by \7estinghouse, who employed Tesla*
3 fc

but also by General Electric, and in Europe particularly by A.B.G», >

1. See Technical Appendix .

2. J.A. Fleming: Qp.cit., P 346.

3» . H.C. Passer. oxp. cjlt • ̂  Chapters 1C & 19*

4« Allgcmeino i21e!ctrisitats Gcsellsehai't, originally the German Edison Co»
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who employed Dobrowoloky, and the Oerlilcon Company. Quite apart from its
1 

use of a 3 phase e.o» transmission line could reduce the copper cost of
2 

ths mains by 15/;. 3 phase alternators were cheaper than ordinary a.o*

(single phase) ciachinas* Also it was easy to convert 3 phase a.c. to

d,c. and thua hi;:h voltage transmission could be linked to the existing d*o»
3

distribution system atld the new a»c. power station run in parallel with

the old d.c, one. This was not possible with single phase a.c» C.H.L. 

Brown of the Osrlilcon Company and Dobrowolsky deuKsnstjratcd a 3 phase a*c. 

tronsndssion system at 30, COO v. over 110 miles from Frankfurt to Lauffen

as part of the Electrical Exhibition at Frer-kfurt in 1091. Over 300 h»p» >"•"
*• ^r 

was transmitted, 7l$o of the power being received at the other end. This

gave a per/erf ui impulse to the Niagara Scheme of 1893 when 10,000 h,p. 

was generated at Niagara and transmitted at 11,000 v. 2 phase.

: / Tory fe?/ English electrical engineers were in the 1890s at fill 

interested in, polyphase a.c., and English cianufacturing firms could see 

no point in it at all 4 Electricity supply engineers were however more 

progressive ond one of the best» C.H, V/orclin^hem, Manchester Corporation* a

Chief Electrical Engineer, v/ho hn.d worked with Perranti r.t Deptford, pointed
5

out to the Northern Society of Electrical Sno;5jieer3 in November 1897 that

2 phaso a.c. »YOS also used in the early days* It was initially simpler thon
• 3"i>hc.3e tut ultimately inferior*

2* H.C. Passer, o-p^cit., P 281.

3* ^ee Toctinical Appendix, " ' .

4. J.A. Flciaing, op.cit., P .239

5. E.H. Vol. U, H? 733 - 6. 19 Novcobor 1897
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conditions vrere now very different from thoas in th«? enrly years. Then, 

he argued, it 7?as a, question either of a cluster of consumers talcing a 

fairly lar^e amount of energy, gathered in a compact area, or of a number 

of isolated consumers scattered over an extended aroa* Hence the "battle of 

the systems". Now, however, he argued, both supply density is rising 

(more energy is demanded per inile of cable) ojnd tho area of 3up;ly is

being extended. Hs preferred d.c. distribution; it ^7as batter for
1 

motors and arc laaps, and accumulators could be used. Each distribution

network would be fed by d.c. or polyphase n,c. transmission lines, either 

from one large station or from several sreall ones according to local 

circumstances. Before he left Manchester Corporation in 15)01 he had 

designed and built a 10,500 £7 d.c* station and & 19,000 K!f 3 phase a.o. 

station v/ith high voltage transmission. The London. ccrsp&nifts by tho
//

late ninstiea had cut.rr.rorm their small stations end they e.lso built big 

stations some distance froja their supply aroas. In 1.897 the "ctropolitan 

iilectric Supply Company decided to build a nevy station at Vfil lessen; three 

1,$00 KW 2 phase alternators built oy V/ostin^houae were installed, and 

transmission was at 10,OCO v» The Kensington and Kni£htsbridse Coiapany
; •

and the Notting Hill Company combined to biiilcl a joint generoting station ; 

which was opened in 1900, This worked 3 phase at 5000 v. , tho first hi^i 

voltaic 3 F^aso system in this country, A furthor step was taken by tho Charing 

Cross Company v;hich opened its now power station at Bow in 1902* This worked ! 

at 11, COO v. v/ith 1,600 KST £ei>^wting urita, built significantly by tha 

!• See Chapter 6.
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Lahineycr Company of Cologno. It is worth noting that although British 

electricity supply was adopting Pcrranti's transmission pressure it made 

no attempt to build plant of the sise he proposed. Thus the big power ; 

stations began to be established, but there is little doubt that this 

country was slow to adopt American and Continental innovations.

Paper insulated cables were first used for mains by Perranti

at Depford* They were the culmination of severl attempts made in the
1 

eighties to iisprove .cables. Telegraph and telephone^cables were not

suitable for electric lighting. Several alternatives were tried* Some-* 

times the improvements were in insulating material like the use of Vulcanised 

Bitumen or Jute* Sometimes the improvements were in the general design 

of the mains, like the use of bare wires or rods suspended on insulators 

in an underground tunnel* But generally they all had the disadvantage } 

either that the insulation was not satisfactory for high voltage operation 

or that they were rigid and thus expensive to lay. Then in 18i38 Ferrantl 

patented paper insulated cables* Paper was a cheap material, and cheap 

to apply* The Depford cables, the first power cables to use paper as a 

dielectric, were however rigid tubes* Tho paper insulation was rolled 

on in sheets 20 feet long. However Perranti's patent also covered use 

of paper applied helically in strips* This method had also been used in 

the United States for telegraph cables. While on a visit to America

1* P.V. Hunter and J. Temple Hascll. DevelonTxent of Power .Cables.* 
London I9$6. They give a detailed account of attempts to improve 
distribution mains*
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in 2389 J.B. Atherton noticed paper insulated telephone cables. He 

bought the British rights in 18^0, and on his return to England in 2391 

he formed the British Insulated Wire Company to laanufacture paper 

insulated mains cables* In the same year Ferranti left Dopford, and 

posse-sing the British patent of 1683 for paper winding was invited to 

join the board of B.I. Wire, In 1393 the company made some 11,000 v. 

concentric paper insulated cables for the London Electric Supply Corporation*
•»

They were similar to Ferranti's Depford cables with the additional 

advantage of flexibility* This meant that they were almost entirely 

manufactured at the factory, and could be simply and cheaply laid* Very 

few Joints v/ere needed* Thus the cost of high voltage mains waa very
\

substantially reduced, and thus the economies of scale in generation could 

be further used.

The third major innovation in electricity supply was the steam 

turbine. Here the attitude of the English power station engineers was 

somewhat ambiguous. It was the most important British innovation 

in electricity supply machinery made in this country before 1924* Often

the successful ideas came from abroad, bat this was entirely home produced*
1 

through the ability and determination of Charles Parsons.

1* 6th son of the third Earl of Rosso, who was an engineer and an
O3trono;:;or, becoming a President of the Royal Society. Born 105A-, 
educated at homo by Robei/ft (later Sir Robert) Ball the astroincr. at Trinit; 
College Dublin and St. John's College Cambridge. Ho graduated from 
Cambridge in 1377 a- Eleventh Wrangler. Ho was apprenticed for four 
years at .the Slsr/icic Yvbrks of Sir tvilliaa Armstrong & Co* From 1881 • 
1833 he worked with llessrs. Kitson & Co. of Leeds. In 1884 he became 
a Junior partner in Clarke Chapisnn & Co, and took: charge of the 
newly created electrical deparfcsent* In 1889 ho founded his own works 
in Ncv.rcastlc-upon-Tyne. lie was a great inventor and we are only 
concerned with sons of his work* See H. Appleyard, Charles Parsons, 
London, 1933. S.H. Parsons, The Steam Turbine and othor inventions



She basic idea of the steam turbine is very ancient and goes 

bade to the machine built by Hero of Alexandria to open the doors of the 

temple. Several attempts were made to build steam turbine engines in 

the 19th ccnttrry* But all failed because such engines only worked 

efficiently at enormous speeds* In 1804 Parsons patented the idea which 

was a complete solution to this problem, and built a turbine engine to 

his patent specification* His idea was to place a series of turbine 

wheels along a shaft* Steam passed through the blades of successive 

wheels losing a small amount of its pressure at each wheel* Because the 

energy in the steam was not instantly converted into rotating motion, but 

was used gradually, the speed of the turbine engine could be vastly reduced 

without loss of efficiency. The Parsons turbine of 1884 used, however, 

considerably more steara than a conventional steam engine for a given power, 

129 Iba. steam per KWh while an efficient reciprocating steam engine would 

use about 20* By 1392 Parsons had improved the turbine until steam 

consumption was down to 27 Ibs. per ICVh, which although somewhat above 

that of the best reciprocating engines proved that the turbine was not 

necessarily wasteful* It seems to have been relatively less wasteful 

at small loads, which v;as particularly useful for electricity generation.
/

But the steam turbine was primarily a capital saving innovation* 

Its first cost was slightly lower than that of reciprocating engines when 

built in large sizes above about 5CO - 100 KV/. It was much smaller and

,of Sir Ch.?rlc3 Parsons? 0»n« Scie .co in Britain sre: ies published by the 
Biitish Council. A iSurstall, fffo_._Placo of Sir Charles Paraons in the 
In tho History of Ifochanical Snrdn-ering» Lecture; to the Stophenson 
Engineering Society, King's College, Nev/castle-upon-Tyno. 1954» 
Published by the Ho at on V/orka _Journal Summer 1954» C.A. Parsons, 
The Steam Turbine. Cambridge. 19H«
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lighter than large reciprocating- engines. It is instructive, although 

rather extreme, to compare the 7500 KIV turbo alternators which were 

installed at Deptford in 1912 with Ferranti's projected reciprocating 

engines. The latter would havs been 3,7 times as wide, over 5 times aa 

high and 0.9 times as long. As a result the cost of foundations and 

buildings was ouch reduced; it was about half that involved in installing 

large reciprocating engines. It was a caich faster engine, which much 

reduced the cost of - the dynaaos driven by it: instead of the enonaoua 

fly wheel alternators driven by slow speed engines, compact machines 

could be used with only a fraction of the size and w&ight of the former. 

Also the turbine had a particularly useful characteristic for electricity
\

supply; it would run for a short tizco at esrfcreaiely high overloads. Thus 

the sharp peak of the electricity load could be set with plant whose normal 

capacity was perhaps only three quarters of the peak demand* very 

substantially reducing the coot per KW of siaximuia demand. 3\irbines Lwould 

thus have been capital saving even at the same cost per KK of yy^pwl ''.'.;• 

capacity as reciprocating engines. . • ;

During the 1890s steam turbines were used only in this country* 

This was partly because Parsons was an Englishmen. The first turbo 

alternators were installed at the Forth Banks power station at Newcastle** 

upon-Tyne in 1889; the company -was however formed by Parsons and his /.., 

friends and the former was the managing director. In 1892 they were 

put into the ncv;ly formed Cambridge Company's station; again Parsons
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was the managing director, the cciaparjy being fcmed cy Parsons and
1 

Caiibrid£,o University friends. Other small turbines were installed but the

roost important turbine plant of .the middle 1890s was that at the Metropolitan 

Electric Supply Company's Jy&nchester Square Station in London. Here 

the Lilians engines caused a great deal of vibration, which a whole series 

of expedients were powerless to eliminate. Neighbours complained of the 

nuisance and in 13% obtained an injunction against the Company. But the

station was saved by the installation of 350 KS7 Parsons turbo-alternators «•»
2 

more than twice the size of any hitherto built* These were however

somewhat special circumstances, for in general the turbine displayed 

no very great advantages over the high speed engine when it was built in 

email sisea» Ita superiority was over the big low speed engine and thus 

one would not expect the turbine to be widely installed until big generating 

units , were used. English power stations were slow in installing big
/ >•

plant and thus it is not surprising that froia 1900 •» 1905 the pioneer 

big turbine installations were in the United States and on the Continent. 

The first big Parsons machines were built for the Corporation of Elberf ield 

in Genaany in 1900, with a capacity 'of 1000 2Q7* The Westinghouse Machine 

Company acquired the Parsons patents in 1896 and rapidly developed them;

1* A.C. J&Ting, Professor of En^inGcring at Cambridge conducted Important 
tests on Varsons turbines in 1822, dispelling their early reputation 
of being "steam eaters". It is amsing to sec that in electric . 
lighting systems, as in other isatters, Oxford should by comparison 
be the hocae of lost causes.

2. R.H, Parsons, op.cit. P 281.
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1
Brown-Boveri bought a licence in;; mediately after tho succe s of the

Slberfeld machines, and again developed them rapidly* They wero quickly 

followed by General Electric in the United States and A»E.G>. and Siemens 

& lialcko in Germany with different t^pea of turbine. In both places 

big generating units were widely used and thua there was a bigger demand 

for largo prims movers. It is however rather surprising to find that 

when English electricity supply engineers did build big plant, they used 

large reciprocating c&chinery, usually of foreign manufacture. The 

Lotropolitan Electric Supply Company, despite its Ilanchcster Square turbines, 

chose V/estinghouse plant for its Willesden station. Wordinghara at 

ilanchester is an odder case. The specifications for tho huge Stuart 

Street plant were issued in 1901* Turbines would almost certainly have 

been better, although their advantages in large sises had onty just been 

demonstrated. But as late as 1905 Wordinghaaa, although extrenrely able
/ • ' .'.* .'•'„•' ''•'

and still under 40> told a House of Lords Coreaittee that he thought >2 ' '•'•:" $
turbines were a passing fashion. An example of really antiquated . 

practice is provided by the Greenwich tramway power station of the L.C.C* 

opened in 1906. tfour 35^0 ^ engine alternators were installed; 6J years

later it v/as realised that they wero obsolete as&^feffo and two 8000 KST
3 

turbo alternators installed in the saiao space.

1. Founded in 18 92 by C.E.L. Brov/n. Tho works were in Baden.

2 m Proceedings before the Select Comrdttee of the Hbuso of Lords
on tho Administrative County of London Company and District Electric 

:-.. Por/cr Bill 1905. Q 5601.

3. E.R. Vol. 71, P 943- 13 Becetaber 1912.
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1
As R.H. Parsons has pointed out there was no real excuse for this as tho
Newcastle Electric Supply Company had had very successful 3500 KI7 turbo- 
Alternators running at Carville in 1904* Professor A.tf.B. Kennedy, the 
consulting engineer to the L.C.C., had become an expert in designing

successful small stations in the 1890s but by 1905 he seems to have
2 

lost his touch* Charles Mcrz's brilliant achievement at Carville
is a pleasing contrast, and his plans for London, if allowed to be put 
into operation, might have revolutionised English power station practice* 
After the success of Carville, however, turbines did come to be used 
considerably for big plant . There was a till considerable controversy 
about the merits of steam turbines, but it soon became generally accepted
that turbines were better than reciprocating engines in sizes above

31000 K57. Below 500 KF/ reciprocating engines were said to be better.
/ 

,There is rather inadequate information about the switch from 
reciprocating engines to turbines. By the end of 1903 at least 2^00 KWT 
of Parsons turbines had been installed in British central stations. This 
was only 2.6/6 of total capacity. 15000 KW is no doubt an underestimate

* v .

but it is not likely that the actual figure was more than twice this. 
Between the end of 1903 end tho end of 1907, 408,000 KW of capacity

1. P 169.

2. This is confirmed by his evidence before the House of Lords Comodttee, 
on the Administrative County of London & District Electric Power Bill. There he said that 3 phase supply uould, he felt certain, have ceased to exist in 15 years time. Q 4573*

Vbls. 53 & 54 for a long controversy in the correspondence columns. Table on P 54 of Vol. 54 and Vol. 55 PP 1009 - 1010.
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was installed in British central stations. By then there were
1 2 

250,000 KV7 powered by steam turbines. Thus 53 «• 58/£ of the

capacity added in the years 19^ - 0? was driven by turbines. Table 21

shows that not until 1901*. did the average size of generator rise above
not 

500 K^» Thus turbines were largely^ used because large generating units

were not used.

By the end of 1903 electricity supply undertakings existed in

nearly all big towns. All towns but two with a population of more than
3

100,000 had electricity supply. Electricity was sold mainly for

lighting. Supply stations were small on the average and distribution 

mains did not extend very fnr. As a ireans of lighting electricity was 

much less used than gas. When converted to a common basis, electricity

seems to have provided 6,057 million 16 c.p. light hours in 19C4,
4 ' f : v 

against 28,300 million supplied by gas. This was only 18^ of the total

but was considerably more than the 4/» supplied by electricity in 1896. 

Yet during the years 3B96 - 19C4> the light hours suoolied by electricity 

rose only by 5>lS5 million p. a, while those supplied by gas rose by

1* Census .figure minus 2|4,000 O at Lots Road, The Census figure 
also includes any turbines in municipal tramway power houses* 
But there v/ero very few turbines in municipal traiwvay power , 
houses in 1907« .

•

2. Depending on whether we take 35 f COO Xtf or 30,OOC KWT as the 
capacity of turbines installed at the end of 1903*

3« Inaugural address of R.G. Gray. President of the 1,2,2. 
November 1903- S-R. Vol. 53, H> 8W - 2, 880 - 3.

4, Asauning a 16 c.p. alectrio lamp took 60 watts (3»75 w. per O.p») 
and a 16 c.p. gas burner took 5»5 cu. feet of gas per hour, 
Tho calculator is very crude.
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Table 21.

Average si;:c oi generators installed in British 
centrals stations JB83 ~ 1915.

~tenu or
Led up to the

Led during
1893

4
5
6

7
8

9
1900

1
2

3
4
5
6

7
8

9
1910

11

12

13
i Calculations

Ktf

••' ' 35

96
103
129

156

120
251-

236

328

261

347
501 ••

5C3

672

749

794 N

775
488 .

641

924

1,113
i'rom the Electrical Trades Directory,

For details see Appendix P. 510.
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Table 22.

Electricity Su-.-pXw Sales, Million ITTh.

In the first throe columns fibres are for 
which most overlaps the relevant calendar year. In 
figures have been corrected to a calendar yoar basis,

the accounting year 
the fourth column

Year

1895

96

97
98

99
1900

" ; 01

•-02
: 'A '

;, 05

>'< 04
1 05

06
••'• 07

08

09

1910

n
12

13

Lighting

37.8

52.3

70.1
88.5

124.0

052.8

169.6

243.5

280.3

' 363.4

352.0

401.9
416.0

442.4 ;

'• U7.3
4S2.9 ' .

437.0

507.3

695.8

Eraction

0.6

3*2

15.7'

' 35.3

66.6

103.4

113.9

176.3

191.7

224.1

224.4

•23C.3

227.9

287.2

277.1

280.0

Power

1.2

3.8

4.4

11.9

18.4

23.6

49.4

76.2

116.3

182,3

325.9

360.8

475.7

562.8

681.4

82<4.4

IOCC.O

Total

37-8

52.3

71.3

92.9

131.6
3B0.4

243.2

"338-7

433.1
: ' : 553.5

ft4.6

775.9
956.0

1035.6

1123-4
1273.6

14C5.5

1628.8

1975.8

Calendar year

37.3
$1.6

70.6

91.4
127.6
177.2
241.1

325.9
417-2
540.9
627.8
756.1
934.2

1025.0

1108.3
1250.0

1384.4

1614.0

.1895.5

For details of calculations see Appendix, p 489.
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1
7,000 million* The increase in gas lighting may however be overestimated •

Electric lighting was unfortunate in that by tho tirao the coat 

of electric incandescent lighting had ccnie dovm almost to that of gas 

burners, the incandescent gas mantle had been developed, which substan* 

tially reduced the cost of gas lighting. This xaay well account for the 

decline in the rate of increase of tho consumption of electricity for 

lighting. As Table, £2 shows the sale of electricity for lighting rose 

by 2V7/« botv/een 1897 and 1902 but only by 1"& between 1902 find 1907. 

The invention of the metal filament lamp, which began to be used in larg 

numbers from 1907 orchards redressed the balance again. The metal
\

filament lamp used about a third as saich electricity for a given light 

as did the carbon filament lamp. After 19C7 the use of the metal 

filauaent lamp, the incandescent gas lasp and the use of gas for heating 

maile measurements of the amount of light provided by gas and electricity 

quite impossible* Sales of electricity for lighting did not riae much 

(the rise may well be overeatiLiatcd in Table 22). JSut the amount of 

lignting roso rapidly, and x^'ob&bly more than trebled between 1907 and 

1912. " . ' • , ' ; . " ' .;' • '^;> vV*: 'v

Tho figures for the sale of electricity for lighting include 

both Incandescent and arc lighting* Host was for incandescent lighting* 

In 1907 incomplete figures were given of the sale of electricity for
•**. '

!• No allowance has been inado for ras sales for heating and power, 
which wore small yet rising faster than sales of gfia for lighting, 
or for tho effect of tho adoption of the incandescent gas lamp, 
These two effects would work in apposite directions.
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lighting, separate figures being &ivsn for public lighting (chiefly arc

lights in tho street) arid privates lighting (chiefly incandescent lighting).
1 

n;i of tho record -3d total of tales for lighting went for public lighting.

But thoro is a bi£ difference between sales by ca^op^n;, undertakings and 

by nurdcipal undertakings, Only 3/b of the iiale& of companies for lighting 

vent for public lights, against £5/> for Municipalities* Jfonicipal 

corporations were willing to uso arc limiting in tho streets when they
•».

operated the town's central station "but v/ero not anxious to buy electricity 

in large quantities from private central 'stations. After 190? street 

lighting did not increase very irach. Hather incomplete f igurea suggest 

that the amount of electricity sold for public limiting rose by only

17/C between 190? and 1912 . Uy then arx; limiting waui at the end of ita
2 

useful life. Just before the 1314 war the nhalf watt" incandescent

lamp appeared. It v/aa eq.ua! in output to tao arc laiip, but used only 

half as much electricity. Also there was no need to change carbons, 

After tho 1914 - 13 war it coon superseded the arc lamp*

As Table 22 shows sales of electricity for traction rose rapidly
^ . a

up to 1507> 'out then flattened as traimvay construction fsll off. Sales'

for power began to be important fron about ISC^. onv;arcUi» *lost 

electricity for power was generated by uaera, public supply stations in

1. Vihich is 08/s of ay estimate for all aales for lighting,

2. 0,5 watta per dandle power efficiency.

3* See Chapter 5«

4* See Chapter 6,
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general supplying small users who used motors intermittently* In this 

most central stations built originally for lighting supply one different 

from the power companies. The pov/er companies sold a largo proportion of 

their electricity to a fovi big users*

The pattern of the use of electricity bought froza central stations 

to a largo extent explains the fail in central station investment after 

1903* In the late nineties capacity was a function of the lighting peak* 

After 1907 these two loads ceased to grow* The rising power load seems 

to have had a peak, which did not in general coincide with the lighting 

and traction peaks. Thus relatively little extra capacity was needed to 

meet rising power sales. However from 1911 onwards the rising power load
•** *

did require considerable additions to capacity* The lighting load was

also beginning to rise again.
1 : 

Several committees sat during the 1914 •• 18 war to consider

the state of the electricity supply industry. ^y then its deficiencies 

were glaring; too many small units, too saich variety of practice* But 

many of the faults were already appearing in the boom of 189& * 1903* 

After 1903 clatters got worse because, as is shown in Table 23, there waa 

no increase in concentration. Even by 1903 there were unexploited 

economies of scale. After that existing undertakings simply expanded 

pieoc.u3al* Except on the North East Coast there was no tendency to

.goal Conservation Conreitteo* C/cU.. 9034, 1918.
Electrical Trades Conr:dttcc. C^V. 9G?2, 1918. 
VjilliaTison Coasditce* £V£^. $062, 1918. 

ftli Cooaittee* CyyT.: , 93, 1919.
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centralisation. The power companies, who might have achieved this, were not*
1 2 

a success. Existing suppliers could or would not co-operate with each other*

This lack of co-operation was very wasteful* The extent of economies of 

scale will be "discussed in the next chapter* However one of the major 

disadvantages of non-co-operation was the very largo amount of reserve plant 

needed* Table 24 shows that only 60/i> of plant was needed on tho average to 

meet the peak demand. Some plant was clearly intended to meet increases of 

demand, but not as much as the remaining 40/o.

Table 23.

Electricity Supply* Percentage of capacity in the
lor/rest ten undertakings*

1896

!L393

1900

1902

1904 ,

1906

1908

1910

1912

Iculations from

/ *3.5

' . 38.1

33*5

31.2

28.0

27.5

29.9

29.8

28*9

Garke's Manual.

1. See Chapter 4. 

2% See Chapter 9*
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Table 24. 

Maximum load as a rarcentarp of contra! station capacity•

Tear* Number of undertaking
in sample.

1907

1909

1911.

1913

277

276

233
•».

284

maximum load as 
percentage of aggregate capacity*

57*5 
60.9 

63.6 

61.8

Source: Garko's Manual.

It is important not to overestimate the importance of 

central station supply. Table 2k suggests that in 1907 and 1912 

only 40/i of the electricity used for traction lighting and power
i

came from central stations.
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Table

The use .of electricity 1907 and_1912> in. KWh.

1907

Generated by user

Purchased from 
electricity supply

Traction Power Lighting

1008

Total

stations

Total

1912

Generated by user

Purchased from 
electricity supply 
stations

Total

224

646

.

Traction 

562

277

839

316 416 956

2385

Power Lighting Total
1 .. . . -. . .••:•: 

1950 2512

844 507 1629

4140 >

1. Power \vas almost certainly n-ore than 3/4 of this total* Electric 
lighting was not used as nuch industrially as in shops, offices and 
houses, which bought electricity from public supply stations*

P 496. 
For details of calculations see Appendix. A i?i£ures have "been rounded
after calculations. -

'* ; -'•••>•

Sources: Census of Productions 19C7 and 1912. 
. . Board, of Trade Returns relating to tramr/ays.

» i, i. n—— n « electric railways.
. • , : 0crke f s Kanual.
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Cr»cto of Blcctrlclt. .

A larco fosunt of inforinatica woo published about t .0 costs 

of electricity supply during this period. Ufcforumately laoat of it ia 

eithor deficient or misleading. Good fibres of capital costs, a lar^e 

proportion of total coots, wore rarely given. £uxjning ccst figures are given 

as costs per unit sold (or^ncrated). Bc-causo acny running costs, labour 

Bana£C233nt» and cvon sosig coal costa, ?/erc dctexifdn&d by tho BASC of tl^o 

central station rather than, by tho xiuab^i1 of urdto generated average cost 

fi$ores have littlo econoeaic valuo»

To cnalyao precisely the costa oik electricity supply aul point 

to changes in coat over tho period would bo a very lar^o tools and has not 

been aUcaptccU All thia section atteqpta ia to sbod a iiitlo li^ht on 

the matter*

*ho coots of electricity supply are or t.l :rce tyi*?a, FirutJy 

thore are cocita incurred by nooting iho weak donrxr^l i*e. the ooutd of 

central otaticn capacity, end zoost of 'the coot of trie distribution netnorlc* 

Secondly thoro arc tho coats inaarred by particular conaunsero, in

locations, part oi* tne distribution network. ShirdJ^ thore ai^e tho ccoto
• •"-•• 1 . - - - • 
incurred by sup^2yin£ off peals units. ^iiOrs ia no information on tho

coata incurred by the ^oo^rr.phical position of particular ccnsu-iieio.

wo are lort wiiA cai-aciiy coo to end oi1* rx:oi: ^enoratin^ ccatsj long • 

and ahoi1! ran fiiar&.ncl coota rccvocwivcly.
/

The oajor cociponcnt or lori^ ru:i cardinal cost, .seems, to have^been
* '

1. X.I2.D. Littlo. The Price of I'uol Oteford 1253 Chapter 5.
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capital cost. To arrive at capital cost we mst first try and get 

figures of initial cost per Kfr of capacity and secondly rates of interest 

and depreciation. There are two sources for initial cost per xC.V"; 

engifjeering estimates and the marginal cost per iCtf added figure which can 

be derived from.sqy estimates of gross investment in, and capacity added to>
«

British Central stations. Both are subject to difficulties. The first, 

which applies particularly to engineering estimates is that there was no 

accepted definition of capacity. Capacity of generating sets was the 

measure of capacity usually adopted, but as H.M. Hobart pointed out

generating capacity figures were vague because there was no widely adopted
1 

standard of temperature rise and overload. Engineering estimates clearly

had a wide variance, but there are not enough of them for one to be able 

to estiroato, and thus allow for, this variance. The marginal cost per 

SS added figure has the advantage that it refers to average.practice. 

The main disadvantage is that it fluctuates considerably from year to year. • 

This is partly because of inadequacies in tho capital expenditure and 

capacity figures, partly because the variance of tho £ per KV statistic 

was high in practice. To try ard deal with this, three year jaoving 

averages were taken of the inve^tii*Gnt and additions to capacity series and 

the £ per &V figure derived frar* these moving averages. The results are 

shown in Table 26.

Tiie generating station was only part of this cost. Often 

undertakings gave details of capital expenditure on various parts of tho • ''

1. H.M. Hobart. The .Eating, and Cost of Ste.?-yElect-ic Gonerptinfl Stations 
; 13.R. Vol. 64, rl> "/SI - 2, o21 - 3, ^59 - 60, 7, 24 and 21 Hay 1909,
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Table 26. 

Sleqtricit.y ;. supply* £ Per K'.added.

1SS8 93.0

99 77.4

1900 - 71*2

01

02

.03

04

05
06

07 -,

08

09

1910

11

72.0

76.6

75-8

71.9

53.6

43.9

45.6

42.2

43.4.

36.7

20.6

12 19.8

supply system, Rarxloni samples of 20 were taken for each year, and Table 27 

constructed.

Lfore is knov/n about the cost of generating stations, particularly 

about the costs of generating sets. A certain aicount of price data is 

available on generating sets, "but it is difficult to interpret. The cost 

per KW fell both with bigger machinery, and over tizae. The generator cost
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Table 2?.

Electricity Supply. Capital Expenditure, 
Percentir-cs en various items.

Year

1896

97
98

99
1900

01

. 02 ,

> °3

04

05
06'"•*

07
08

09

1910

11

12

naininn Tierce

Generating Station

51.3

49.7
56.0
60.0
53.8

54.4

56.7
56.0

55.8

55-8

56.7

57.2
52.0

55.6
51.4

54.0

50.2

mtaro was s-ocnt on ler,&l charges.

Distribution Network

43.9

47.2

41.5

37.8

43.5

45.7
40.7

41.9

42.2

41.3

39.1

39.0

43.7

42.6

43.4

40.9

42.0

Provisional OrdersETC a
and other miscellaneous matters.

Source:. Sampling from accounts in Garkc's Manual,
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curve seems to have "been of the following shapo.

Supply stations would tend only to buy plant of optimum siso - i.o. 

soaiev/here rou^ily along the horizontal part of the cost curvo for any 

year* In so far as they did this we can use tender price iiiforzaation 

to indicate price chan^e^ over time, as is done in Table 28.
/

But the figures only show the trend crudely. .

Perhaps the'best indicators of the general shape of part of the 

cost curve of generating stations are data given by t;vo eminent engineers 

in 1909. Their figures are sham in Table 29.

'' There were long disputes about what rate to take on initial cost 

for capital charges, particularly about the depreciation rate. Writing in 

the Electrical Rcyicvr in 1903 a consulting engineer laid down the following

percentages for depreciation. gf fr
Buildings 1 

Plant and ciachiner ill

10

5
Meters

Instrument*
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Table 28. 

Generating Sets. £ per; KW

Year £ per Kff Average size of set Number of contracts 

1899 01.6 530 2

2

3

, 5 , ' .;•
;. "' 3 .';•.•'

2

3
2 •- ,

1902 v

03 v;. ",
04 ;

05 ;
06, ;':;:; : ; ; .
°7 i
os : ;;;:-: V.
09V;

1910 v

11

33

7.1
9.1
8.8

5.5
8.5

6.2

3.0

4.3

3.9
2.3

2.7

575
367

1,513

933
1,250

1,250

4,000

1,167
- 3,000

1,675

4,833

2

3

On the whole undertaking he reckoned 5.94, ̂  The actual depreciation provision
t • <
was nearly always at a layer rate* However 6/j is almost certainly the

i • •

dinlnjuia.real rate of depreciation. Interest rates varied. 4yo is 

probably, a reasonable average. Thus capital changes should be at least 

10/.J on initial cost (if the straight line method of depreciation is to 

be used)

There does not scorn to be any satisfactory infoniiation on labour
j

and management costs. It could be extracted from accounts, but only with 

verv considerable labour.
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Cable 29. 

COST: per luv oi" various siacs of focncratio:-:..station*

1 2
H.&. Hobart &.L. Actclenbrooko

Size of station £ £
ior

2500 25

2500 ,', 24

3000 21

$000 20

6000 18

10000 17 

12000 . 16

20000 .' " 25

24000 35

40000 14 • '

43000 34

!• H.1.1. ilobart. The Eating and Coat of Stcc.-a Electric Generating Sjationa 
, E>^ Vol. 64 P^ 731 - 2, 821 - 3, 859 - 60, 7, 34 and 21 llay

2. G.L. Acidcnbrooke. Tho Public Suo'ly of Power Cantor Lectures to the 
1 Society of Arts 11, IB end 29 January 1909- 

J3.R. Vol. 64, itf 236 - 7, 278, 325 - 6. •'-..•
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Coal costs are tho principal element in short run marginal costs*

But it waa soon noticed that coal coats varied inversely v/ith the load
1 

factor and thus one cannot take the average coal coot per unit generated aa

approximation to short run marginal cost: Unfortunately hardly any 

useful records of coal consumption were published. However in a paper

given to the I.E.E. in 1907 on Central Station Sconcoics, their study and
2 

what it pro:ai3oa in the way of ch-aoer supply, H.H. Say lor gave coal
>-•

consumption figures for various amounts of electricity generated in a 

3000 ~£M station in a period of 5 GO hours. His figures show tliat fuel 

consumption is a linear function of the quantity of electricity generated* 

For a 50C hour period the f allowing equation can be calculated -
3

C a OCOfOOO + 3.28K, where C » Coal consumption in Ibs. and £ a K7.1i generated. 

Thus in a £00 hour period ths cost of 8QO, COO Iba. cf coal can be regarded 

as being connected with the size of the generating station rathor than the 

quantity of electricity generated. Taylor's figures were based on the use 

of coal and slack at 7/6 a "ton. At this price tha capacity cost of coal 

id £0,7$ P»a. per KiV, and the short run marginal (coal) coot 0.132d. per KWh.

Unfortunately similar figures for other years are not available. 

We know that fuel costs were higher before 19C? i^nd lower after\vards» But
j

we carinot i;ay by how jauch*

1. First by J. Hoplcinson in a paper to tho Junior Engineering Society 
in

2. E.R.'VuL. 60, ?? 410 - 13.

3« tfor a later period it*II* 1'arsonc expressed co^l consumption as a linear
function oi' electricity ^^neration. liis time period was the shift 

>• and hi a equation C s 5 C'CO + 1*23*:- (R.H. Parsons, op.cit. A;^pondix 1.)
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As the unknown management and labour costs were very largely 

capacity costs, at least 'this appendix v/ill have given some indication of 

the very great difference between lon& and short run mrginal costs*
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Chapter

The power cospcnlea sought to utilise economies of scale 

in olectrlsity generation. for two porpoc-csj to supply electricity 

in bulk to esiGtlng electricity suppliers, and new ones, especially
^

in the smaller taTns, end to suo?ly electricity for povwsr, both for 

electric traction Givd for factories. The conversion of troosreya to

electric traction had been expected during isost of the nineties,
1 

althou^n it did not start in ccmest until 1B97« e^d electric povor

had begun to bo uood in the United States frota tho mid-He nineties*

the electrification of English factories wns vnry rnr« until
2

1900,
>. > • '

The first power schersa 1703 that of the General Power
3 

Distribution Compaq, promoted oy a cyndicctto of largo e&nufaoturero

in tho Chesterfield area* Pavers ucro sai^it by Act of Pnrlioincnt for

supply over a largo area o£ Derbyshire, Nottinghamshire, Lincolnahiro'4 

and tho TTeot Riding* Over rooat of tho area no one had authority to

!• Soo Chapter 5* 

2. Soc Chapter 6,

5» Sif..Henyy.& Self.E.M. t7atoon, Electricity £upt>3y in Great Britain*
London. 19I>2« 

H.H. Dailin, Tho Or-rri^tir.rijofJ^c^c^rjLc^^^—— i — -
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supply electricity but it included the towns or Sheffield and Nottingham* 

both with municipal supply* The Company wanted to bo able to compete 

with existing suppliers, and principally because of this it was strongly 

opposed in 18$>8 by af fectcd isunicipalities* This caused the Bill to be 

held over to the next Parliamentary session and in 1899 it was opposed 

by the Municipal Corporations en bloc, and thus failed at the second 

reading on ths grounds that it upset the present law and was "prejudicial
i

to the privileges of the great jnurdcipalities". As a result the 

Cross Committee was appointed in 1853, which reeoui:iended that technical
«

changes had created conditions different from those envisaged by the 

drafters of the earlier Acts and that it was desirable to give power 

to undertakings who were to use plant of exceptional dimensions and 

high,voltages, to supply over a large area which included existing 

suppliers. This report forced the basis for the iixectrio Power Bills 

of 1900, 1901 and 1^02. In 1900 Bills were passed for.power companies
,i ,

in South Wales, Durham, Lancashire (south of the Kibble) and tho Worth 

Metropolitan area (from Hertford and St. Albans south to Vi'illesden and 

Stoke Ncivington.) The Durham and North Hetropolitan schemes were 

for supply to authorised distributors only, and passed without difficulty. 

The Lancashire and South Wales Bills were very strongly opposed by the
»

big caunicipallties. They disliked the requests for powers to give 

paver supply to big customers within their areas. As a result the big 

municipalities were excluded from both schemes, thus cutting out
• "'•'*• -: .

1* H.H. Bollin, op.cit.^ P 43-
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of the most profitable areas of supply. This set a precedent and In 

future Acts the ininicipalities managed to get themselves excluded if 

they could shovr that they were already giving a cheap supply for power*

••/.': . Table 30.

....... List of Electric Power Companies*

Capacity of 
it generating 

stations 
1912

Company Date of Date of 
initial com^encei 
Act of of suppl; 
Parliament

Newcastle

North Metropolitan

County of Durham
• ; \ '

Midland
\ •

Derbyshire & Nottingham­ 
shire 

South Wales

Cleveland and Durhara

Clyde Valley

Lancashire

Yorkshire

Scottish Central

Fife

North Wales

Kent

Cornwall 

Shropshire, Staffordshire

1902

1900

1900 
1

Kona

1901

1900

1901

1901

1900

1901

1903

1903

1904

1903

1902 

1903

1900

1901

1902

1902

1903 
1903 ••
1904

1905

1905

19C5

1905

1905

1906

1907

1911
2

90660
15990

S
0

loSco 
5080

17450 

6000

27300
18500

3
10000

3600
4. 7000

6000
3500
2800

and Worcestershire

Total 224,480
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Table 30 continued:

1. The Midland Electric Corporation for Power Distribution operated
under a number of Provisional Orders only*

2» Powers transf crimed to the Birmingham & I£idland Tramways, who 
already had a power station, in 19C3.

3. 1910, later figures not available but 1912 figure would
certainly be higher.

5» Included in i«ev;castle - the truo companies were fully integrated* 

Sources: Electrical Trades Directory and Garke y s Manual*
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Table 30 tells its own story. The power companies v/ere not 

quic'i off the mark and a comparison with the biggest ton other under* 

takings (Table 31) shows that by the end of 1912 they had not bocoma 

very large. There is one exception: the Her/castle Electric Supply 

Company was extremely successful, ran a unified system together with 

the County of Durham Power Cocpany, and from 1912 onwards the Cleveland
•>

and Durham Company. This local grid extending from the Northumberland.... _ ''•.
coalfield to the Cleveland irenfield had xaich more generating capacity 

than any other undertaking. la 1912 it had about 42^ of the total 

capacity of all tho British pofier companies.

• » Table 31.
"i :^' f '' , . • ' '

Some other big undertakings in 1912.
Capacity of 

/ Undertaking venerators
., • / / null ,,.,..• ii > i. -lirf.i. • • • . ttmtm^mf— i iin_~-w»a«

•' ' iv/;' 
' . ! - l^anchester Corporation. 59*300

' \ . " • ' : 1 
Glasgow Corporation 41,030

. Birrainghan Corporation 37»465

Liverpool Corporation . 37,000

. Sheffield Coloration 28,500

London E,S. Corporation 27,250
1 S

City of London E.S. Co. 25,000 

: Ifctropolitah E.S. Co. 23,250
', y • ' ' -

Leeds Corporation 22,9^0 

, County of London Company 20,300

Total 322,035 
1. ' Estimated.

Source: Garkc's I-'anual.
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If we exclude the rforth East Coast Companies, the average power company 

in 1912 had only about 1C700 1?$ capacity. An the standard largo turbo 

alternator being installed WAG about 5000 1C.Y, many of them could claim 

few of the economies of fccale r/hich wero to justify their existence. 

Except in the North East the power companies became suppliers to the 

smaller settlements outside the areas of the large municipalities* 

So;r.« t like the Clyde Valley, Lancashire and Yorkshire scheraes 

specialised in power supply, so,7.e like the Morth v:®tropolitan and 

the ilidland were general oil round sup liors.

Except for Newcastle those specialising in power were not 

financially successful. The worst case is that of the South Vales 

Company* By 19C4 it had built four power stations, only one of them 

being large, but waa unable to raise further capital* By June 1906 

.the situation h&d become so bad that the Company had to jctake arrangezoents 

with its consuiuers to provide capital to continue operations. The two 

smaller generating stations were sold to .the relevant local authorities. 

The Treforest Electrical Consumers .Company was formed to work one area 

arid provided £30»OCO for generating plant. The pov/cr company was 

reconstructed and continued to work one part of its area.

Thero are a number of reasons for the poor showing of the power 

companies. Except for Newcastle, the big toT/ns were cut out froia the 

beginning, Glasgow the heart, of Clydcside was in the hands of Glasgow • 

Corporation, iho Lancashire a/id lorkoldi^c power companies threaded their 

trunk mains between the cig tov;no. Lig/iting loads outside the big towns 

Vrere ex^pensive to supply as; outside areas of hi^h population density
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cable costs per lamp v;ere hi^h. Tramways were chiefly located in the 

big town and where they took public supply they generally bought it 

from the town po77cr ctntioxi. IV,ver supply for incituitry was slew to 

develop This wos partly because the electrification of factories 

did not really start on tiore than a very small scale until about 

1905* . Electric driving for textiles came lats largely for technical 

reasons, and the colliery owners were conservative; the Lancashire, 

Yorkshire, Clyde Valley and 3. Y'alcs Companies were in textile and 

mining areas. It was also partly because it was oi'ten better to put
»

down an "isolated" installation rather than take public supply. Again
v

many potential power consumers v;ero inside the big tarns.

The power companies found it very difficult.to borroar, especially 

for their big schemes. The-gs^^ticn period of invoatzacnt was long and 

big scheir.es would naturally operate at a lose* in the early years. Costs 

wore often undorestiaated. The down, turn of the trade cycle came bcforo 

enough had been raised, end the heavy foreign investi:;snt fron 19C4- onwards 

made the raising of money for hoioe investment difficult. The costs of a 

private Act or P.rirlinr.cnt v/ere hi^h and severly handicapped the companies 

in their early days. The matter a mentioned in the last paragrai)h naturally 

made borrowing r/jr^ difficult.

Apart from demand and financing difficulties, there is reason 

to suppioe that the engineering of coce of the scliemes was not very good. 

And engineering ability of a hi^h order was necessary to make them a 

success.
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Table 32.

The Power Companies in 19C^

Company lumber of 
power 
stations 
initially
planned.

.In 
. Operation

Cleveland and Durham 

Clyde Valley

Derbyshire & Nottingham­ 
shire 

Lancashire

Midland

S. Wales 

YorkaMre

This was a pilot ccher/io, opened in 19Q5. But 19^5 
extromQJly late for a pilot ti

capacity in 
operation.

7
3
4
4

\ •

V . «

3
4

5
2

• . , 1

I

1

• ' • • X

4
I

4,750
8,000

720

: 6,00(7

- 3.100
*

800

7,640
6,OCO

The Braw/oll and Harris schemes, the Cleveland and Durham, the 

South V/ales and th« Der^shire and Hottin^hamshire were poorly 

engineered, v/ith small stations and small plant. The Lancashire, 

Yorkshire end North !-?etropolitan were also planned uith several 

small stations, although the former two were replanned under H,P. 

Parshall, an American v;ho had come to England in the late 18503 to 

deal with the B.T.-H. tramway building. The big Eunicipalities

The Consulting Engineers*
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usually opposed the power companies partly on tho grounds that they 

could supply at least as cheaply themselves. In the years 1900 «- Q5 

when these power schemes were planned, tho evidence is very largely 

on their side, their engineering seems to have boon at least fsgood, 

end their costs lower than those of the power companies, because of 

their more favourable geographical position.

IX

The Newcastle scheme had none of these disadvantages* It 

grew out of an existing undertaking which made financing easier; there 

was no initial long waiting period before dividends were paid. Once 

successful it could continue to raise money• The local government 

situation on Tyneside was very favourable. Newcastle Corporation 

had not been interested in electricity supply, and the rest of the 

north bank of the Tyne was composed of scaall local government areas.
s

___ *

There was a dense industrial area to be served, with very progressive 

engineering factories. Sven before the Newcastle power scheme 

Tynsside had been noted for its factory electrification. Shipbuilding

was booming and progressive and there were close links between
1 

Important industrialists and the Newcastle Electric Supply Co. In

1904 the North Eastern Railway opened the first electrified suburban
2 

lines in this country. To start tho scheme thero was Charles

!• Henceforth referred to as N.S.3. Co.

t* The Lancashire and Yorkshire Railway opened its electrified 
Liverpool-Southport line in the same year and thus shares the 
North*Eastern's position as a pioneer of uiain line railway 
electrification*
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i.
llcrz, who hod exactly tho rijjjit combination of vision, optimism

and technical skill. From tho beginning his engineering was admirable

and tho construction of Carville power station, opened in 19C4i was

one of the big landmarks in electricity supply.
2 

The Newcastle power scheme started with the plans of

J. Wigjian Richardson, Tho Tyno shipbuilder. He was impressed by the

use of electric power in shipbuilding as were other Tyneside marine
3 

and other engineer. He was also a director of the V/allsend and

Walker Gas Company, which had been a pioneer in the use of gas for 

industrial purposes* He persuaded tho gao company to begin electric 

supply and in 1693 a schenie was in preparation. WigUana Richardson's 

brother-in-law and fellow Quaker was J*T. &erz, a director of N.E.S. Co*

1. Ilora's Private Notes have been an important source of
information for the rest of this chapter.

•. . Hers was bom in 1374- Educated at Boothm School, York. 
" In 1891 ho spent a year at the Eurfcaa College of Science. 
..'' In IL892 he joined 1-I.E.S. Co, as an apprentice. In 1894 

1 ' ho joined B.T.ii. In 1399 he fcscamc a consulting engineer,
forming tho partnership of Hcrz & IJcLellan. See J. Rowland,
PrcpTess in Pov;or privately printed IS'SO for the story of
Herz & IlcLellan.

2* P.B, HcndcrGon, The ̂ IcvoloT^cnt of statutory pov/crs relating 
to the Slcctricit.y SuoolY Undcivtr":.:.r-p; cu tho ^«^» i Cocst, 1953* 
Unpublished dicocriiation at Carlioi iiou^e, Kev;castlo upon Tyne. 
This is the bcijt detailed history of the company.

3. The North Eastern fcarino Co. had decided to electrify in 1897 * 
sco remarks of Sir Supers Hunter in the Discussion on R.P. Sloan's 
paper Bcvclon'r.onts in tho Uso of Electricity;, 
Transactions or I-J.ii. Coast Constitution, of Engineers end

,; Shipbuilders, Vol. 45 PP 345 - 72, 1928 - 9-
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1
They had elao had business aeaoo.iations in tho years aroung 1870.

In 1398 Charles, Merz's son, who had at tho age of 24 quite 

considerable engineering experience both in power stations and with 

tho British Thomson-Houston Company, w^s aslced to help with the 

preparation of the Act of Parliament for the Walker and Vfallsend 

scheme. He was very critical of the gas company's consulting 

engineer and made him modify the scheme. With Merz's help the 

Bill soon passed. Then he was appointed consulting engineer to tha 

conpany. The foundation of his scheme was tho 3 phase motor, virtually 

unknown in the country at the time* Mera knew of its value through 

his associations with the Americans at B.T.-H,, a^d had made his own 

experiments with it. He was determined to use it as he was sura it 

was the best motor for the shipyards. He also visualised electric 

traction and wanted to bo able to supply lighting as well* At the

time it was technically difficult to amalgamate the three because
2 

lighting and pov/cr worked best at different frequencies. No English

manufacturers were interested in 3 phase roachinery and Hers discussed

1* Mcrz had very successfully managed the Dlnydoa Chemical Y/orka . 
for Richardson who had invested a considerable amount of money 
in them. Richardson felt indebted to L'ers and this scene to 
have boon one reason why he thought of helping Charles Merz 
by asking him to investigate the Y/allcer and YTallsend electric 
power scheme. The latter was only a very young nan although 
he met have showed signs of great ability. (See Private ITotes of 
C.II. !.!crz, uiipublioiiod; ?Tc-:oirs of J. Wighati Richardson, privatoly

•• . printed, Glasgor/ 1911).
*

2. Rotary convertoro i*or converting 3 phase a.c. to d.c. for traction 
v/ere usually run a« 25.^. Lights flickered noticeably at as low 
a frequency as this.
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1
the matter with General Electric and Brown-Bovori. There was no

obvious solution but eventually it was decided to adopt 40 cycles
2 

per second as a compromise. It worked very v;ell. This was an

important capital saving innovation, as less power station plant and 

also much less transmission and distribution plant was needed.

H.3.S. Co. were also interested in po.ver supply end in 1893 

they had installed two £00 KStf d.c. generators in addition to their 

lighting alternators for supplying motive power in Newcastle. Llerz 

when planning the T/alker and V.rallsend scheme had devoted a good deal 

of effort to getting customers. He had had long discussions with 

various engineers and shipbuilders about the value and cost of electric 

power. Thus both the Kerss?. and Wigjaaia Richardson decided to promote 

a power Act to link up H.E.S. Co. with the Walker and Wailsond scheiae 

and to cell power along most of the north bank of the Tyne. At the 

same time Parsons, Campbell Swinton and others 7/ere promoting a rival 

power Act for the whole of Tynesido. Parsons was a director of the ' 

Newcastle and District Electric Supply Co. which supplied the western 

half of Newcastle. This latter was a larger scheme and had very 

influential promoters but the !>Ierzs and Richardson had the advantage 

of having already started on their schene and could point to their 

partially constructed power station at Neptune Bank adjacent to the

1. The Americans used 25xufor traction and 60^/for lighting and power. 
. The Srsiss used 40/vand

1 2. Other parts of ti:e country later standardised at $0 cycles and 
after the 1926 Electricity Supply Act the Itorth East oysten was 
converted to that frequency,
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; &hinyar&3* Thoy v?on« In June 19"! JLorcL Kelvin opened Noptuna 

Bonk which provided tho first 3 phooo public sup;,ly in this country. 

At firot it catered for a i'ci? big shlpyar^o, cut tha success of olcotrio 

poorer lad t^ considerable extension* By 19^5 l-cr/. woo able to toll A 

Select Coa-fait'.co of the Eoa^o of Lor5s both that "all tlio private plants

on the Hortb Bank of the 7ync have clthor been done as?ay with, or ar«
1 

boin^ dens oivsy 7/ithT: u^.d tr.at on Tynoaldo in tho f3,£»3.Co* aro'aa
2

ono«4ialf to tvvo-thirda of tho total power usod is su^&iod by li.B.S, Co«

Tho 6UT;ply area »'a/s aoon cKtcndod northv?arC3 by the prct&otion of on Act

in 1902 to iriclucla tho llorthtvnbcrlarid coalfield. This v;&a also 

1'hs fcortbesrn C-ouatics I-lccvrlc ^u^- Co* ivliioh had a nuatf>cr of

power 3tauio/i£ in iictt^tbusiberlaad £ind Csarlieo, wanted authority for its own 

power ocheffi.o iii r-^rthiCjborX&7?cl«. It^l^S* Co* v?on because* of ito carcTul 

of dcsond, its excellent reoonl a£ technical skill and good

t rovsalcd in ita ver^' lew cc.-sts, ar:d tho wn^' in which it;
3

anticii>ated demand la its invcutsicnt plonrJLr^.;. Slcctrio po^ver for

collioriea waa, hewovcr. olovr to develop &nd moro icrport^nt for tho
y ..,'.-,.,._ '.'_•• . •

oornpnny v/fio the bc^innln^ of its. traction supply- In 19&2 II*S.S'» Co* 

and othL-ra prcnotcti tho Tyncside Iraasr^fi. Bill for electric

1« •'•• Select Conrdtt co of tho Houao of Lorfls or. th3 /^ck
County of London end District iilectrio Porrer 3ili* Q 7«

i. 1210*

Qa of tho proceedings bcfora the Select Concdttfto of
uirt of Ca;.-iona on tho KertLuabcrianci Electric 

Dill, I'orch 19C2. Decision of Co^dttcc*
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the nortli bar& of tho Tyne «aat and north onst of Newcastle*
• . ' •*•'' • • 

, *;c'a cpj/ocxxl by tho llorth £a»icrn r;ail«ny who f oared

on their McaoftatJLo to Tyna-iouth lino* During the course 

of tho prouccdir^a liare ou£^G3tc£ to George Gibb, tho Choiraan of the

JM»»lt*» that for tlwa railway to electrify its euhurboa lines north of
1

tho *yriO was tho best £jic^v.r to trc^;ay cocipstltloru Gibb isho

clearly uicb iia;)rcoacu by iioora ^t l^Lsa to writo a nsrwi-t for tho

Railway on oiGctrdflcat3.ua and la August 1902 Hsra iosusd

for tiw> eloctrif Ica^-jQ or 82 xaiios of single tracis and Invited teticlora.

In Fobruory 1J/C3 U*ii.3* Cv* el^cecl a very favc-ircobic a^eerr.ont with tho

Horth Ssateitt Railway* Poi-cr w&fi to bo cup'. lied by tho Surely Coop

xvho wore to build a u&tt j-sosc*: station cn-J t,ttftraatoe tho railway

40-vO i^7 of Ita capccl'iy* The aaijao and aubctatioiia were to be built

a: A! clipped qy the railv;ay co^jpaay a.-kl a'ontcd to tho cup-;^ cornpariy
i • • • ' ' ' . 

who erero to mintain tlioa ajid pqy a rent of 5/* P- £* o^1 cost. A ooct

I'nportarit ciuiso oaablcd tiio wU-.-rxly cca^ra^y to ucc tho CAbloc end
3 

fiubatatlon£ fw i^ui^-V ^o other ocswufiwrs. "hqy ^oald pay for extra

plant tut gained CGZiDidcrably fra'u the fact what tho cables Installed

of a capacity sanch in cxcoss of that require'! >y tho railwny
railway 

ccrpany, tho^ocajjccy prouably spent euostijiRo °iJ **^° orior of

1» there irj a et&ry ctil}. ia circ-uiation that the rrewcastle Electric 
* fiuprly Co. helped to i'i^aiieo t^*o iiiio^ido Sraissaya to jjfjclacc tho 

North -jSr-storn i:aii«.'ay to eloctrii'y.
s

2. 3>R4 Vol. 5^> H> 23? - 8» 15 Au-ust

3t /f^oe^cnt b^tr.'fKin tho I'cv;cr.ntlo Electric i£u ply Co. and tho North 
Eastern Hallway Co* f 12 Kobi\ia.-y 1^C2# uiriioi Houso records*



141

1
£90,000 on this distribution system. It is not known how xnuch of thia

waa necessary simply for supplying the railway but the magnitude of the

money raised in this way through the railway company can be aeon by the

fact that by December 19C4 the supply company had spent £256,000 on

high tension cables and sub stations, and £1,229,000 on everything

excluding the Newcastle city installation dating from 1890. Tho

agreement with the North Eastern Railway Co* thus contributed to

N.E.S. Co. *s very rapid expansion at the time on both the demand and the supply

sides. Meanwhile N.S.S. Co. had started to give a bulk supply to the2 , -;; x£>.'
County of Durham Electric Power Company, The latter had powers for r 

supply to authorised distributors in tho Northern half of County Durham, 

including the south bank of the Ty-ne. It was owned by the British 

Electric Traction Company, who had used it only for supply to their
/

trams in Gateshead, Jarrcw, and Durham City where they also held
y

provisional orders. In 19 C4 the Durham Company was taken over by• - - '••'•• 4 . 
W.33.S, Co. and the area began to be developed. The latter waa

determined to supply to the county generally, especially the collieries,

1* If the railway company reverted to steam the supply company waa 
to purchase tho cables etc. at cost, not exceeding £90,Or'0 less 
4/o p.a. depreciation - or at the option of the railway to pay 
5/i> rent in perpetuity.

2. Parliamentary powers were obtained in 1902.

5* The County oi' Durham Electric Power Company, which held the
• Parliamentary powers v/aa or/ned by tho County of Durham Electric 

Power Distribution Company which hold the provisional order.

4* •'" N.E.S. Co. and the Durham Companies were run as one unit from 
1 January 19C5.
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1
and not merely the larger towns.

• In 19C4 traction supply made up the bulk of sales. The 

combined sales of the Newcastle end Durham Companies were approximately 

17.4 million ICVhj 9*8 million went for traction, 5 million to manufac­ 

turers chiefly on the Tyne and the rest for lighting. This concentration
•i

in traction was typical of- big undertakings; li-anchester in 190V sold
2 

33,7 million I0$h of which 18*9 million wore for the Corporation Traasrays.

,The rapid rise in output from under a million KWh in 1899 to 

over 17 million in' 19Ck was more than the Neptune Bank power station could 

deal with and in 19C4 the new Carville power station, which had been 

started when the electrification of the North Eastern Railway was planned* 

was opened. Carville, desired by Itera, was a major break through in 

power station design, the beginning of what eventually became standard 

practice* V/hat I'erz arrived at was a big improvement in the reliability 

of plant and a big reduction in costs. And costs could beat be reduced 

by reducing the initial cost of the power station. Both were to bo
t ''•.*•

achieved by a radical reorganisation and simplification and the use of ,
3 : •"••" •• 

plant incorporating the best engineering practice.

1. The biggest town in the area, Sundcrland, had a very progressive
; and efficient imnicipal supply, managed at the time by J.F.C. •

(later Sir John) Snoll, and would have been ertrcsely unlikely- ; • 
, to take a bulk supply.

2. In Newcastle, the trains/ays were eventually electrified and run
by tho Corporation frco their own pov/er station.

3» See C.H. Hers and V«r . LIcLcllan, Por;or^_Station DCsijrnn. Paper 
read to the I.E. 13., 23 April 19^4. This paper wac years in 
advance of other contemporary writing on pov;er stations. It is 
thus all the more remarkable that liera was simply preaching what 
he had already practised at Carville.
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*• • : "i'he cor.iTicrcial success of cuch an undertaking (for por/er :' : ' 
aupnly) is absolutely dependent upon the cheapness and reliability of 
supply* It inay be ar^icd that this is no now phaoo of the supply 
problem; but the argument, though possibly correct in principle, is 
so v/idc of tho mark in degree that is a station fur power supply wero 
designed on sirralar lines to many existing power stations for traction 1 
and lighting purposes caa:iercial failure would almost certainly result."

/ Capital costs, I£era argued, were much too high; when boiler 

plant was obtainable for £2 ~ 3 P©^ K^ *&& generating Baachinery for £10
• .•'',-"

per KS7 at the outside, it was surprising'to find power stations coming 

out with a total cost of £1+0 or even more per KST. To reduce capital 

costs was of overwhelming importance, and with good initial design 

this could easily be done. Like the principles behind all major 

innovations, this now seeas obviously correct* But Sera's principles 

cut right across current power station practice. Perusal of the 

technical literature of the time does reveal very much more concern with
" * •• - .

running costs, particularly coal costs, than with capital costs, although 

capital costs accounted for at least half of tha total costs of supply 

and coal costs for less than a quarter* In the design of plant simplicity 

had been sacrificed to elaborate complications to avoid an interruption 

of supply. iterz had to stress the principle that no complications 

should be introduced to facilitate ths repair of a breakdown should
' •. v ' .

the complications increase tiatcrially the risk of breakdown. : . I

"That all the earlier station engineers should consistently 
disregard thin axiom was perfectly natural, as in view of tho compar­ 
atively unreliable apparatus at their disposal they v/cre more impressed 
by tha necessity of speedy repair than by ths importance of avoiding a 
breakdown altogether. In fact they came to regard breakdowns as 
inevitable, dei'oting their attention to nininiising their effect fcather 
than to reducing the amount of apparatus in which a breakdown could occur*

"' -i , i .

, Iferz and I'cLellan, op.cit..
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This lino of procedure, while possibly justifiable in the earlier stages 
of tho industry, has in raany cases been pushed too far. la some stations 
the detiiyicrs have apparently set themselves tlio task of rendering 
possible every conceivable combination of boiler and engine, engine end 
exciter, puop and boiler,

They recommended tho "unit" system of construction, whereby the 

plant was divided into several independent .units - each consisting of 

boilers, engines, dynamos and sv/itchgear* This was essential to 

reliability.

n l£ .trouble was to be had with anything it would be obtained 
by crowding together all kinds of water and stcaia pipes; if trouble 
was to oo had with swii^hgcar it would i~e obtained by fixing many 
cables or connections for different purposes either on one panel, or 
in one partition, or in one cable trench •• "• *«

Power Stations must be designed so that they could be
\ • '

inexpensively extended. ,

"It is possible in laying out a station to avoid placing • 
chimneys, flues, offices and elaborately built brick ends so as to 
interfere with extensions to cither boiler houses or engine rooms, 
although it is to &e feared that this is not always done"2

They advocated a steel framed building, where the filling between the 

columns was merely a weatherproof screen wall, a contrast to the solid 

brick structures of current practice* This type of construction 

represented an innovation in building. As Mer2 told a Select Committee 

of the House of Lords in 1905, "You look on the boiler house of a modern 

electric station in much the sarae way as you look on the boiler house of 

a ship, where the structural part and the machinery are very much

1. Her2 & lIcLcllan, op.cit., 

2* Merz & ilcLellan, ou.cit..



145

intermingled and form part the one of the other." Steel frains buildings

were raro in those days although scrae had been built in Chicago from tho
1 

ItfOCs.

Carville used only steam turbines, the first big English power 

station to do so. One 1500 KET Parsons turbine had been installed at 

.Neptune Bank, at Wi^haia Richardson's suggestion, and had worked very well. 

The turbine, as stated earlier, was capital saving; the cost of buildings 

was eaich reduced by using it, and it had a high overload capacity. Mbra 

pointed out what was usually neglected, that it was economically desirable 

to use this overload capacity to meet the normal peak, and not just for 

sudden emergencies, that higher running costs would bo considerably over* 

compensated by reduced capital costs. He considered that capital costs 

could bs reduced by 20 - 40x o by a careful consideration of the shape of the

load, overload capacities and spare plant.
V •.'••/'. 

, / In 19C4 l-'erz was 30, but all this is not simply a youn^ man's

criticism of current practice. The average power station at the time
2 

cost a little over £40 per KS7. ' 'Big stations were cheaper. Lfenchester1 s
3

Stuart Street station, opened in 1902, cost £24-5 per K7 excluding land,

West Ham's station, which was a contemporary of Carville, JC25»6 including
4 

land. Engineers estimates of proposed large power stations in 1900 - 03

!• N. Pevsner, An Outline of Europenn Architecture, Penguin 5th Ed. 1957
P. 293-

2* Sec Appendix on Power station costs.

Select Co;izaitteo on Administrative County of London Bill 1905 • 
Q. 4579-33. Answers of A.B.V7. Kennedy, designer of ths Stuart 
Street Station.

ibid.: . , Vol. 3, P 661.



varied "between £20 and £2f> per KIT, but the usual tendency in such estimates

was to underestimate costs. In 1902 Mera predicted that Carville would
1 2 

cost £18.7 per KT7; tho completed cost was £16.3 per XV,r or normal
3

capacity. Fuel costs were low at Carville, partly because coal was

cheap on the Tyne, partly because the power station was built on the 

river with good coal handling and condensing facilities, and also because 

despite its low cost the Carville generating machinery had as low a coal 

consumption as any, end nuoh lower than xaost*

ITith Carville as the* lowest cost power station in the country 

the Newcastle system coon grew north ad south. In 1905 22,000 v. cables, 

using the highest voltage in Britain, v/ere laid into Durham. Power supply

developed rapidly and in 1907 output had risen to ICO million I?.¥h, of
4

which approximately 77 million were for power supply (excluding traction.)

This was 22$ of the t tal sales of electricity for power by public supply
5 

stations in 19^7 1 and the Nev/castle Electric Supply Co.*s power sales

1* Before the House of Cosiions Coianittee on tho Northumberland Power 
Bill. Q. 101. . -

t •

2. Select Co?.zrJLttee on Adroinistrative County of London and District 
Electric Power Bill, 1905. Q.

Carville was designed with a 36$ overload caj^acity.

Data from ths Nev;castle Electric Sup ly Co. historical statistics. 
Sales for power supply are rny estimates.

Table 22.
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alone were greater than the total sales of any other electric supply
1 • •

undertaking.

The Durham Collieries Electric Power Company was formed in 

1905 to supply collieries in north Durham. A power station was built 

but the company was soon in financial dif± iculties and in 19^7 N.E.S. Co* 

underwrote its debentures and took over the operation of ito power station* 

Ite subsidiary, the Houghton-le-Spring Company, bought current in bulk 

from it, supplying mainly to collieries, and N.l>.3. Co* began to operate 

this distribution system as well from the beginning of 1909.

From 1907 onwards NJS.3. Co. became interested in the Cleveland 

and Durham Company* Laaard Brothers, the Paris issuing house, which 

in 19C6 had arranged the first issue of the Newcastle Electric Supp3y 

Co* shares outside the Korth liast, asked luera to investigate it. It
/ * . . ,

had been badly engineered and iiiuch of the initial investinent waft
2 

misdirected* By 1907 it had insufficient capital for proper develop*

ment and in order to assist, iicrz helped to form the Waste Heat Company*

Tho idea was that ov/ners of blast furnaces and coke ovens should
* • • . ' : r . 

co-operate in erecting generating stations to use ?;aste heat and gas.

Some of the electricity would bg uu^a by the coke oven or furnace and 

some sold to the supply company. Ths idea had started with Blaydon 

Power Station which had come into operation in 190^. N.E.S. Co. and 

the Priestaan Colliery Company had together formed the Prieatman power

1* Konchoster, the second largest undertaking, sold 6$ million 
• in 1907.

2, C*II* Merz, Private Notos; and R.P. Sloan, Evidence to Coal 
Conservation ttxaaission in 1917 •



company each subscribing half the capital for tho power station, Yfoste 

gas from coke production was used to drive a 2000 KiV Parsons turbine,

electricity beinc , fed into tho N.13.S* Co. grid 7,'hcn gas v;as available.
1 

Elsewhere exhaust steam was utilised through exhaust turbines. Tho

V7cst Heat Company's power stations fulfilled tho same purpose, most of
2 

the capital in this case being; provided by the Cleveland Company*

N.E.S. Co. and the Cleveland Company drev; nore closely together and in
3 

,1909 the tno system wore inter-connected. In that year the two

companies obtained very extensive parliamentary powers for linking up 

generating stations, transferring mains, and zaaking agro events on new 

works. This marks the beginning of the first area grid which stretched 

from north of the Tyne to South of the Tees. Ac the Cleveland Company 

grew it began to buy electricity f ran the lov; cost Newcastle stations 

rather than extend its own plant. In 1912 it bought 12 rail lion K\Vh, 

in 1914 21 million. In 1914 H.E.S. Co. bought a controlling shore of 

the Cleveland Company's shores.

The other electricity suppliers in the area v/cre t':o Korthern 

Counties Electric Supply Company, the Newcastle & District Co., and the

1. A turbine which used steam at atmospheric pressure, discharging it
at a hi^h vacuum.

2. P. 3. Hcnderson, or>.cit», P 73.

3. Ths connection v;ao made on 26 Jane 1909 crd thus two stations 
45 nilcs apart v;ere run ill parallel. JHev/caatle Electric 
Supply Co. iJa&aaine, Kuaibor 45* ?•? 9 * 10. Summer 1959-



149

municipalities. The Northern Counties Company owned a number of small 

generating stations end provisional orders scattered over Northumberland,

Durham and North Yorkshire* In 19C6 it becaiao linked with tho Cleveland
1 

and Durham company, which provided it with bulk supply for distribution

within the Cleveland Company's area. In 1912 N.E.S* Co. took over 

control of the' Northern Counties Company's operations in the N.E.S. Co.*8 

and Durham Company's area and thus it was integrated into the H.E.S. Co* 

grid. The Newcastle & District Co. remained separate and the Corporations 

of Darlington, ISiddiesbrough, South Shields, Stockton, Sundorland, 

Tynemouth and ttest Hartlepool had their ov/n generating stations* In 

1906 however Middlesbrough and Tynsaouth decided to start buying current

in bulk rather than extend their generating capacity, and they were soon
2 . • , • ., , .-' 

followed by Stockton. The others remained entirely separate until

uuch later.

Thus before 1914- there was a large local "grid" in the North

East. The interconnecting of stations meant that tho newest and most
> 

efficient stations could be used for the base lead and older smaller ones

used for tho system peaks, thus substantially reducing generating costs.

1. A holding company Cleveland and_Durham Slectric Po'-ver Ltd., was formed 
to control both the Cleveland & Durham Dlectric Power Company 
(which hold the Parliamentary powers) and the northern Counties Company*

2. P.D. Hendcraon, - oivQ.it., B? 81 & 83. ,
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1 
Carvillc from 1908 onwards had an average load factor of 5Q,j, \vhich

was an important reason why its costs v.ere so low. From 

Neptune Bank became less used and fro;^ 190? was only run to rnest the 

peak. Similarly Hcoburn power station, planned as the County of Durham 

Power Company *s main station uas only used for peak loads. Also tho 

interconnection of customers over a. lar^e area, and over a v/ido range of

industries, led to considerable diversity of peak loads. In the years
2 

190i». » 1910 inclusive the jiiaxisiuii simultaneous load on tho N.E.S. Co.
.3 ,:

generating stations was on the aver- go only cB,j of the sum of the

loads on each station. But in those years Carvillo dominated

N.3.S. Co.*s power stations, a -count ing for 64,0 wi* tho system capacity on 

the average in 1^C6 - 10. Arid by the tiao Carviil© reached its ultimate

capacity of 39»000 Kff oy 1^09 it v;as tho second biggest Dorjer station in
4

Britain and in fact had more capacity than any other supply undertaking
/

except Lfenchester which had J5 power stations. Thus the diversity of 

loads achieved because of the sise of the IT.E.S. Co. *s und3rtald.ng ia 

jaich under-esticaated by the above figures. Mers attributed a large

1* Averse of the load factor IS 03 - 1934 inclusive. It is - 
exceptionally 1'iigh for a prc-1914 pov/or station.

2. Later figures riot available. 19^7 i^

3. Cleveland and Durham Ccapany not included.

The Lots Road Power Station of the London Underground Railways 
was the biggest with 44000 107.
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part of the very hi;>i load factor of the system, which was between 40 
1

and 5C;o from 1907 onv/ards, to the diversity of loads.

But coats were alao becaiisa of continued excellent

engineering. In 19c£ - 09 23000 Ktf of capacity were added at Carville 

at an average cost of &9*& per H.W. A now station was opened at Dunston 

in 1910 with 23000 Kfif of plant, at a capital coat of £10,5 por ffiV, 

This was very much lov;er than tho national average,

Table 33-
2

'lewoastle Electric Supply Co* Sales ,

Year Lighting Heating Traction Power

Small limu- Collieries Chemical Bulk
fac» and
turers Process

1901
03

i'

07
09

1911

13

1.2

2.3

3-5

4-5

4.5

5.2

6.8

. 2,0 . . •; _

0.2

0.4

0.5

0.7
l.l

2.5 .

11.6

13.3

14.2

15.5

15.3

4.4 -

1.1

1.6

1.6

1.9

2.5

13.6

36.7

38,5

48.0

73.4

0.4

7.8

34.3

44.9

76.7

30.6

36.1

42.0

35.9

> - ^''

4.8

4.6

7.6

20.4

1. The llcwcastle Electric Supply Co. statistics are asbiguous, but frosa 
19CO on.varda the load factor scei:^ to have averaged about

2. Includes Eurhara Companies, Durham Collieries Co. and Northern Counties Co
(after 1911)

3. Sulk supply to Korthern Counties Co. before 1912, Cleveland and , 
Durham Co. and Tjncinouth Corporation.

4. All estimtcs, except Traction in 1905* and Chemical and Process*

Source: Calculations from the Newcastle Electric Supply Co. ' 
Historical Statistics.
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in

In 19C5 a Bill was promoted to try and reorganise London's 

electricity supply on 3tyneside lines. Existing supply was given in 

the west by the companies founded around 3B90, and in the east by 

the Borougjh Councils, The coir^anies had built bigger stations around 

1900 and in two cases companies had combined to build and run joint 

generating stations. But by 19C4- it was clear that a good case could 

be made out for considerable centralisation. The area allotted to each 

company and local authority was small, different undertakings supplied 

adjacent streefe and the optimum size of generating station was constantly 

• increasing. Centralisation could have taken place either by further 

joint generating stations and closer co-operation betv/een existing suppliers 

or the establishment of a new undertaking. Tho latter*s powers could 

have ranged from a complete monopoly to co-ordinating the generation of 

existing undertakings and linking them together.

West London was supplied by companies and they hod oy 19Q5 plans 

for some co-ordination. But there was no great enthusiasm on their part. 

One would not expect mich from the nature of ths market. They had primarily 

lighting loads, and thus an inelastic dernand for their product. Only a

substantial reduction of costs would have xaade a rapid expansion of
1 

output profitable. To combine at existing levels of output would have

yielded small results, as existing plant had a lov; market value, and would 

not have been likely to produce a worthwhile return on the cost of the

j

1. The deniand for electric lighting was increasing} a rapid increase 
in output means a more rapid increase than this.
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Parlicocntary powers. Tho latter would have been very difficult to 

onJ thus expensive* Tho local authorities in tho Best Knd woro anxious

to call electricity for motive paver , which tho companies wore
1 

not. But they regarded themaelvsa aa quite big cncu^h to tslw

advantage of all economies of scale. C*H» ffor&in^haa argued that tho 

Borough no#er stations on tho river wore as economical ao one could 

expect any to £>o. • , . • •••-.. : . .

She too chief contenders for a BCST centralised scheme wore 

the L.C.C. and the Adodrdstrativd County of London and Diotrict Electric

Power ComDCiiy. Tho ju*C»C» hod recently at carted to electrify London's
2 

trass* but ito clowncsa in doing thia, end its obsolete en^^incerins when It

to do it, does not oake* csso feel it would hr.ve none^ed such a ochome 

very woll» ItiJ 1905 ^^^ failed to XX^GS ths' Parliasjcntory CosrAttee 

because in tho opinion of the Board of Trade it did not ensure cheap

, when at tho oo:,o tic» the Co'^ncll1 ^ Finoi^co (tenjittce thought
4

it unlilsoly to givo a cat iof set Dry return to the r^tepnyoro* Ita 1906

Bill wao rejected by tho ParliaT^ntary CoaLdttee as ai^Harly inadequate 

despite the. fact that 6 of 9 zacr;»bero of tho Caaaitt--^ uere eith-r 

Liberal er Labour, ond it consiCered in general l)oth that a centralised 

ca v;oa the beet thinr; for London electricity and that the L.C.C.

1. tk:o Chapter 3. P 

2« See Chapter 5»

3» i3ee Chapter 3 P10? for caToento on tfte Grcon::ica Pocror Station 
opened in 19 ̂ 4«

4* B.R. Vol. 60, H? 4. <S: 5. 4 January
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should car.y it out.
I- •

• There were several company schemes, the East London and Lower
c 
Thames Ball of 19C4 end several in 1905 by tho existing suppliers, but

the one which nearly succeeded and the only one of all of them which was
>;•/' 
radical enough in technology to succeed in practice was Kerz's, that of

the Administrative County of London Company.

&erzf s plans were based on an increase in output resulting
>"/X

from the development of a power load. In 1905 in the relevant area
\ 
there wero 39 undertakings with an aggregate capacity of 201,706 KS7.

*

Uerz proposed three new power stations with an aggregate capacity of
, >

210,000 R-7. In the two big stations - each of 90,000 KW - he was to 

put 10,000 KSY turbo-alternators, each unit thus being nearly twice the 

average size of existing undertakings. No generating units of such

an output had ever been constructed, although marine turbines larger in
2 

size but not in output had been built by Parsons, and on the Continent

Brown-Boveri had built turbo alternators of 7000 Kff. In England there
, •£• 
was nothing bigger than the rather unsatisfactory 55 c° 13? turbines of

the London Underground Railways* But &Grz t Parsons and C.K.L. Broun 

olaiocd that by building 10f OOO KIT-turbo alternators when the largest '

machines being installed at the time wore of about 3>000 KW, the cost3 '
;.••*•• • J
of generating units per KIT could bo reduced by at least 20/d. Large

1. E.R. Vol. 59, EP 24 & 15. 6 July 1906.

2. Select Cosrnittee of the House of Lords on tho Administrative County 
of London and District Electric Power Bill, 1905. Qs 1852-5•

; ' ! -,*• .t

J. ibid:. ; Qs 1838, 2CQ5.
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generators would reduce other capital costs and with good design 

estimated that he could construct the big power stations for £8.8 per KET. 

This was an extremely low figure and was attacked as impossible by the 

opposition. In the following ^ear the L.C.C. brought out a scheme for an

80,000 KW power station using 10,000 KST turbo-alternators at an estimated
1

cost of £15-8 per KV7. This latter figure is about what good engineers thought

might be obtained from big station incorporating the latest practice, and was .,

considerably less than the £25 per KST and raore which was what big power
2 • 

stations in the years 1900 '*• 05 had cost. The cost of Merz'a transmission

and distribution system, although at the modest pressure of 12,000 v«, was

very low, and was similarly queried by opponents. Colonel Crompton told
• • ''.'•. ',•)••.•! 

the Select Corrcnittec of the Cozsaons on the Bill: .

I studied the project, knowing Mr. Mcrz was a nan v/ho 
was an honest engineer, who thorou^ily believed in what ho was saying, 
and what he wos doinr-; I tried to find out for isyself where ho had 
deceived hi&self in putting dov/n what appeared to be & ritllculoi'sly low 
figure as the cost of distribution in London . . . . « and I confess the 
task of Justifying llr. Hera's figure is boyonl E3. . I think it is beyond 
any engineer who has had experience of laying mains anywhere in the world. • 
I think it ought to be doubled and rery probably trebled. I should say 
treble was nearer the correct inark".^ . .

Hera was trying to do what Ferranti had attempted, and his 

opponents predicted the same failure. But although there are similarities 

there are considerable differences. Ferrsnti tried something quite 

revolutionary; Kcrz was going well beyond what had been done, but nothing
f,"- •••..' . . - •

1. _B.R. Vol. 58, H> 709 - 10, 777-9, 822 - 3, 839 - 60, 900 - 901»
918 - 919, 1506.^;pf •• ;?i ;<'-.' -

l* ' Except of course Carville. '
• , /

3« ' House of Lords Select Cornrdttee on the Aclmniutrative County of London 
.'and District Electric Power Bill. Qs 6353 and 6854- Lers'a 
estimates were based on a tender from British Insulated and Helsby
Cable Co.

• »
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lilce as far as Ferranti. The London stations wore to be based on the 

Very successful layout at Carville, but were to be about threo times 

the si2.e. Ferranti y.vas a visionary and a genius, and allowed his 

imagination to influence his calculations* lierz was equally a brilliant 

engineer and a iaaa of vision, but his calculations were very precise 

and his predictions usually accurate, certainly as close to the mark as 

those of his conservative opponents. His scheme seemed more radical

than it was because of the backwardness of British electrical engineering;
1 

in the United States and in Germny it would have been more easily accepted*

Capital cost estimates of these schemes are nearly always on the low side, 

but even if the actual costs had been as much as 25/o more than estimated it 

would have been a very cheap scheme. Hot that there is any reason to 

suppose underestimation. Running costs also were to be very considerably 

loss than tho^e of existing stations. Running costs vary usually with 

the load factor and luers hoped for one more than double that of the 

average London undertaking. After making a rouga correction for this 

Sera's estimated running costs sees to have been between a fifth and a

1. It is worth quoting Professor A.B.W. Kennedy, under examination:
"The Promoters say that we are old and antiquated - the last word feas 
not been spoken in electrical advance yet; will Mr. Llerz be antiquated 
even iu ten years after he has been established?" - "I feel quite 
certain that in 15 years from nov; r:o shall not be having a three phase 
transmission plant - we shall be having a single phase". This 
prediction, like V.rordingham* s on the same occasion, that the steam 
turbine v/as a "passing fashion", has not only turned out to be 
quite fcncorrect, but was clearly unjustifiable at the time.

2. ibid. Q 4573.
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1
a quarter of the average and about a third of the lov/est station.

using 10,CCO 1C>7 turbo-alternators Hera hoped to reduce the amount of 

coal used per unit by 18,0 compared with the Carville turbines, which wore

roughly the si;;c currently being installed at the best London Stations.
2 

Parsons and Brov/n v/crc prepared to guarantee "iihis. Building the power

station on the river bank with good wharf facilities, would have reduced 

fuel coots compared with the inland stations. Cartage to the big power 

stations at Bow, V/illesdon and 3ankaido could cost between 2/lld* and 

3/2d. a ton, a large proportion of the delivered cost of !!/•» - U»/~ 

a ton. I'ers wanted to use Northumberland cool at a delivered coat of 

7/4 at the power station. It had a thermal value of only about 7&£ ot 

that of the Welsh coal ther* generally used but the thermal efficiency of
« • • '

the proposed stations v/ould havo been about double that of moat recently
3

installed plant. These factors v/ould reduce coal costs per Kfth.

generated by about 60;2. Labour and repair costs v/ould also have been 

very touch lower per unit generated with larger plant.

The Administrative County Company thus proposed to supply at 

roughly one third of the costs of the best existing London stations. But

1. Average works costs were 1.4&d. per unit generated for 39 under-
takings. The best v/as C.QJd. Increasing the load factor to that

v v . forecast by lierz would have reduced them by about half. Llera
.estimated 0.13d. per unit generated for his station. The Central 
London Railway had a 55,- •> load factor against Merz's of 35 • 40/i and 

v had a v;orl:s cost of 0.5Vfd. per unit rcneraled (Q.2619) and West Ham 
hoped to get down to 0.41^d. when a good pov/cr load had developed.

2. Carville' s works costs, with cheaper coal, were 0.12d. per unit generated^

JJ. There is very little information on thermal efficiencies and comparisona
:/• are complicated by the load factor.
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despite this it could still have foundered on ovcrcstimation of the rate 

of growth of demand. Hers hod tided' to calculate tho deoand for 

electricity* That for power was based on estimates of the total steam

power in existence, that for traction on the existing suburban train
1 

service and that for lighting on an extrapolation, of present trends. By

1910 when one of his proposed power stations would be in full operation 

he predicted sales of 64 million KFh for power, 50 jsillion for lighting 

and 23 for traction. His power estimate was certainly not excessive;

in 1910 the existing undertakings sold about 56 sollion RVh for power in
.;,;. .. • 2 . •• • . -.. 
the relevant area* As the Administrative County Company's prices would

have been lower and demand was probably elastic 64 million units would ; ; 

probably have been easily reached. For his traction sales Mcrz reckoned

on suburban electrification. In fact there was scarcely any, although
3 

there laigjht have been had there been a cheap enough supply* Traction

sales by existing undertakers grew by less, than one million units by 

1910. For tho lighting load Mcrz estimated his possible 50 million &7h 

on the basis of getting half the increase in output. By 1910 the actual 

increase in output in this class was only 39 million units. Demand was 

not clr-stic and so a reduction of prices would not have helped such. But 

what had completely upset his estimates here was the invention of the 

metal filament ianvp, which cut by one half to two thirds the amount of 

current used for lights. • ; ^

1. Select Coraidttee of the House of Lords on the Administrative County 
,- .'• of London and District Electric Power Bill. Qs 1833 & 2010,
Kv

2. Tho company sought to cell power direct in tho "industrial area" - 
the Eastern area - as well as through authorised distributors, 
and through authorised distributors oiHy in the remainder of the area*

3» See Chaster 5. Section ^.
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7:ie l&il failed becauss tho 19 Q5 i:oocir.n of the E-roso of Cocoona 

ato to en end Lcii'urc it could iw ^ivca a thirQ reading. Tliero &*as 
^C4it opvoaition to it fr^ the bs^lnnin^ fro^. the o:;j.afcir.£; eu^viioro

the L.C.C. It watt firafc du&lt v/ith by a Select Co.r^dttoo of tn« Lordo;
77 cwrcorate £ctltiono against th« P»I1X froea crv^r lrO cuithoritios

1 
represented Ly ac^ic 33 counsel* Aft or £ i7oclns f proceodin^a tlio

to reccc»v,cnd the Sill, althcurft not for t*:« whole area rr-kccl fc»r» 
IXrt the L.C.G. ccrAirucd G.O dctonnincd opponcntc end forced a dobatc on 
tiio eoocnd reeding ift the Coc.Tx;-ns, which trna en unusual prcotice for 
Itivato Bills* S'ho Bill 'a o^on^nt-s drocc^^ ou^ ^c tearing before 

tho . Co~sncr*3* Ca;^;lttce as long as po50ib3o> until thoro vr^s very little 
tlao loft for ths taird readinr> It jai>t ^ot throii£h thf> Ca':;rdtt«o in 

tiDQt t»ut cltivxi^l'a the Soard of Tr^e i'avo.ircd th-? Bill, John Bums on
of th-5 L«C*G* combined tvith ta-3 Irish ts-aaib^ra arid they wero ablo to

2 
stop a collapsing £;ovoi^oacnt frca jxjttiti^ ^-^^ Bill through*.

.\ ;; Tha Literal ^.ovcrn.Tvent v;hich iVjllwfjd was no friend to privato . , .
'.' ' •' .' "

of this sort a -,d ir. tl;o f^Hw;in^ sc£iaionr when th-3 AdntniotratiVft ;:. ; : :. 

yjnty Ccx^pca:i. Bixl e/t.«s c^pin introduced, it was decided that tlia L.C.C, 

jlit to bo tho 'oulli ou;^"li^r» although thoir inadequate SC^W-TS was turned

Finttr.ee bcsxl become difficult to #st dnd cxixjnslvo and it would 

have involved sor-3. borrowing tlvan tho Fln?.ncc Ca-nnitteo iifcod find yet 

the Select Co.Tuittoc ^»ir.tcj tho L.C»C. to.fipcrjd t'vioo &a isuch on a really big

2'* Ifors later trroto "one nntaraJ.ly aolao rhothor anything could havo been 
doac to havo stvcs'l t!:« Mil* lifccrt of nn p.^ruei^ent witii the County 
Council I <2o not tiiirJ; cnytiiin^; could have been. 8 Prlvnto !Iotca.



160

scheme* Then cazie the L.C.C. election of :.Iarch 1907- Expenditure on 

public worka in general end electricity supply in particular was a loajor 

issue. The Conservatives gained a sweeping victory, :u:d determined not 

to proceed v/ith a bull: supply scheme. The Chairman of tho L.C.C.

Parliamentary Ccxnndttee said that the promotion of another L.C.C. Bill
1 

would be a waste of the ratepayers 1 money, 13y then the L.C.C. would

have preferred a bi£ private scheme, but the Liberal Government was 

opposed to this and wanted an L.C.C. scheme. Thus the prospects for any 

private Act of Parliament v/cro slim. The cost of a private promotion 

v/as very hi^h, the Administrative County Company had spent £-50, COO in 

vain, and the two things in combination were enough to deter any private 

promoters. •' .

-,..-.;• There the matter rented. Acts of 19 C8 and 1910 allowed 

existing suppliers to associate, subject to the approval of the Board 

of Trade, to supply power to each other and to work common generating 

stations. Not wuch v/as done; in 190 a Joint co;nr:ittec of municipal 

and company engineers did not reco;iv.cnd a general iii'ilcing up, being 

satisfied that sxisti^ stations were capable of meeting all requirements 

for the nsxt ten years. From one point of view there was asich to bo said 

for their recoj^ncndatioii. Only Hera's plan was a sufficiently radical 

innovation to reduce coots very greatly by an overall scheme. Between 

19C5 and 1913 the London suppliers added 131,753 IC'/ of ca acity to their 

£enerating stations, spending .24.2 million* Power stations would account 

for no more tnan half of this - i.e* about £16 per KW added. It was a

1. _E.R. Vol. 61, PP 1 - 2. 5 July 190?.
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Chapter 5* 

.Electric Traction,

The story of electric traction falls into three parts* tha 

electric trom, electric urban railways, principally London underground, 

and the electrification of suburban railway lines. A fourth section on 

the extent to which lighting and traction were complementary follows*

Electric trains started late in this country, being first almost

entirely an American import.

Table 34

Electric ,3franCT.ay_ Mileage*.

Year
..• / .; 

/

1890

1095
3397

1900

1903

19C6
1913

Great 
Britain

/ 8.
45

C3

572
3462

2195

2595

Germany

2C4

4CO

,

2310
-

-

Prance

~

60

174
470

1245
-

-

Other 
European 
Countries

-

Ill

202

-

-

-

-

United 
States *

1,300

10.363

13,765

19,314

27,754
36,212

45,004
•• Includes elevated railways. Figures are for routd mileage except for 

the United States where they are for miles of single track.

Sources: _glcctrical.Trades Directory,' Eloktrotechnischg Zcitscrift (quoted 
in the j31ectricn.l Review), Board of grade Returns» Historical 
Statistics of the; U.S., H.C. Passer, jcrn.cit. P 341 
L*Industrie Jilectricjuo.
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1
They had been pioneered in the United States, and electric traction

bed soon become more important thon the old horse trams. Ao early as 

1892 51y> of the tranr/ay loilea^e was worked electrically, and by 1897 88; 

In Great Britain only 9,i> of the mileage was run electrically in 1897 

only by 19C5 had it risen to 89/j. The Continent of Europe had also 

adopted trains after the Americana and there the early electric tramways 

were constructed on American lines. In Germany in 1893 » 90 miles of

electric tramway were under construction, and of this Q1/& was on the
2 

Thomson Houston and Sprague systems (both American). In other countries

the same is true. But in these countries the Aiaerican innovation was 

digested more rapidly than in Great Britain. By the middle nineties 

there was a boom. in electric tramway construction and German manufacturers 

were quick to make tramway equipment. In England there was scarcely any

activity until 2B97-

- ' One reason for the delay was the effect of the 1870 Tramways

Act. This was passed to facilitate the construction of the then brand 

new horse trams, and to provide some public control of then by stipulating 

that the tramway should be able to be bought by the relevant local 

authority after 21 years operation, at the plant value. By 1878, 269 

miles of horse tram had been built , and another 542 miles were added 

between 1878 and 1885. Thereafter mileage grew more slowly. By 1889 

the horse trams reached their maximum mileage of 940; they remained at

f
1. See H.C. Parser, or>.cit«, Chapters 15 and 16.•"••"-1" — — ,

fc. JJUJL. Vol. 33 P 319, 22 SeptciLbcr 1693 > quoting the Electrical 
World or New
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Table 35-
1

Gross invostment on electric trpnr.7ags«_

Up to & including

Year

21393

1894

5
6

7 ••

8

9
19CO

01 v

02

03

04

' ' 05.

06

07

08

09

1910

11

12

13

£000

530

110

400

410

570

1,630

2,550

7,000

6,730

6,730

6,780

6,224

5,903

5,934

4,103

2,823

2,938

1,731

1,703

1,582

1,633

Before 190L the figures are rourh estimates, based on mileage open 
and the total capital spent by 1903.. The first complete Board of 
Trade Returns are for the end of 1903- The 1893 - 03 estimates for

iro to
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that level until 1899 when they began to be replaced by the electric 

transray. Thus a large mileage would have been purchaseable between 

1899 aiid 19C6» and some of course earlier. In general the tramway 

undertakings never felt that they would get more than the "scrap" value

of their plant on coiirpulsory purchase end that ten years was too short a
1 

tiiae to get an adequate return on electrification,

This was strongly reinforced by the low profits of the horso 

trams. In the early nineties these were alinost certainly operated at a 

loss. Depreciation allowances were inadequate, equipment was often in 

poor condition and dividends T7cre often belov/ the long term rate of 

interest- Receipts probably covered no more than 80 - 90, ̂ of real

costs* Even in the 1870" s there v/ere few profits. Gross profits in
2 

1378 were only 5»5/^ on historical cost. Jroa 1S78 to 1235 they seem

to have built ahead of demand and the gross profit percentage had fallen 

to 4*9/^» But it is difficult to believe that depreciation and interest

amounted to less than 8/a of the value of plant* In the late eighties
3

30/i of the traiavays paid no dividends. In this situation there was no

enthusiasm to try and find the considerable capital required for 

electrification. Tho generally lov/ deniand for tronr/ay transport would

1. This is ar£ucd by Vesey Kno:-:, Thg _ Scenario Effect of thq.Traos?oy Act 
1870, Economic Journal, 1901, P. 5 07.

2* . The capital expenditure figures given in the Tranavay returns are
unsatisfactory because depreciation was generally inadequate. This 
would give the profit percentage a tendency to fall over time.

3« £.R. Vol. 26, P. 717. June 1390. This is no doubt an approximate 
percentage.
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not have encourated tho building of ncv; electric tramr/ays where there
1 

were no horse trams. For although there v;ore only 131 traimvay systems

in this country in 1890, they were in general in the centres of lar^e 

tov/ns where demand was highest per route milo. But demand continued to 

grow after 1835 although capacity was added to more slowly. Table ?^ 

attempts to give an index of capacity utilisation. As a consequence of 

this growth of deiaand relative to capacity gross profits as a percentage 

of historical cost rose to 5.3,1! in 1394 and 6.4/j in 2898. This probably 

underestimates the real rise in profitability.

Table 36. 

Capacity,utilisation in Traivrea.ys,
.'1 v,; •:• ; • '•

Year

':•••?••

1878

1G3G

1890

1894

1893

Passengers p. a. 
per route inile

oco
543

' 4!f4
\: ' ':'•'"'•• 555

633

807

Passengers p. a.
per ear

000

131

115

133

147

161

Indox of passengers p. a. 
per car & per route mile *

1878 d 100
100 • ' • ."'-•;''• /:

84.8

103,9

U4.4

135.7

* . Obtained by combining caimans 1 and 2 v;ith equal weighting
'<*».'•*'.' «

Source: Board of Trade Returns.

1. H. Finer, Municipal Trading, London 1941, P- 53-
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e nainicipalities had been interested in tranr/ayo from 1870. 

But these were only a few, and by 1890, 26 local authorities had spent 

only £2.9 million on capital account against £10.8 million by 1C5 companiea. 

Moreover only Huddersfield was actually working It a lines, the others being 

leased to a company* But in the early 1390*s the municipalities sought

to become operators as well as owners of the trams/rays and from 1892 many
1 

important municipalities obtained operating pov/ers. Having leased the

tramways would have inade it more difficult to change the fora of motive power, 

but the corporations showed little desire to do this in any case. As in 

the case of electric supply in the early nineties they were not anxious to 

innovate; they still sav; this as the function of private enterprise. 

This was not universally true: Bradford, which had built the first

municipal power station started experimenting with electric traction in
2 

1892* Against this however one can quote the example of Glasgow, whose
t .

trams were leased to a eoirnany. When the lease expired in 18%, the 

Corporation started to work its trains. Its first act was to buy 3000
3

new horses* In 1895 - 6 they started to consider electric traction, 

but it was as late as 1893 before they had equipped as little as 2j xailes 

of electric tensray.

In the event private innovations largely failed to materialise. 

The very early experiments with electric trains had not been encouraging.

1. H. Finer, op«cit., P. 53*

2. till. Vol. 30, P. 581. 6 May 1892. /

3. Vesey Knox, op.cit._t P. 507. E.R. Vol. 43, P. 597. 21 October 1898.
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One of tho crucial technical problem at first was getting the electricity
1

to the trrur.csr, eventually solved by the use of the overhead trolley.
2 

A conduit line 2 cdles lon^ was built on Blackpool Promenade in 1335

but it did not work well. Insulation was poor in the conduit end the •

plough v/,?s regularly fouled by dirt* Also the tracavay motors gave
3

trouble. / • • . . .

Another early system was with accumulators o^ the trails, 

The idea of accumulator ' trar.is was attractive as few modifications needed 

to be made to the horse tran systems. But despite constant experimentation 

from 1082 onwards, they were never satisfactory. At f ir^t they

ccntinuaJ.ly broLe down but eventually by the late eighties SOLXJ battery
4cars had been iLede to operate aderuately but thsy were excessively costly.

One experiment with accumulator cars was at Barking. The North 

lletropolitan Tranr.ray Co. was approached by the Eleison Electric Traction 

Co. in 1G89« "he latter v/anted to work a soall part of the former's lines 

with acc'in'ilator cars. They wore to be paid 4*d. per car mile, the coat 

of horse traction- Eut the Electric Traction Co. suffered from so many 

breakdowns that they v/ere unable to run to the full scheduled service* 

After 2 years they asked to be paid ^J-d. per car mile. The Transvay 

Company agreed to do this for 12 months, although it made the system
«

1* II. C. Passer, op.cit.j Chapters lp and 16.

2. The electric cables wore Ir.id in a clotted conduit in tho ground 
betv;ocn the rails and contact raado by a plourh.

3- ^.«HJL 31 October 1835, 7 i-'-ay, 24 September 1836.

W Charles Klapper. Tho Gold on Arc, of Trai7?:/ays London 1961 P? 69 - 70
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more costly than. when run v/ith horac.3, but before that period was up 

the traction company ac!:cd for 7jd» They were offered and took 6jd, 

The number of breakdowns began to increase and on July 12th, 1892, 

tho North Metropolitan Co. decided to return to horses • The real costs

of accumulator traction in this case are unknown, as despite many attempts •
"by the Tracr;/ay Co. to be ^iven full running costs, these were never forth­

coming. The Tracr/ay Company thought that costs wore about 93» per car
1 

mile. Accumulator cars also were tried in Birmingham. In 1891* the

first year of operation, the cost of po^-sr and repairs to machinery was 

5«Jfd. per car mile, which was some what above the usual cost of horse 

traction, but tho speed of operation was a little higher as other costs 

fell to compensate • But power arid repairs rose to 9«9d», 10. 6d. , 9»71d., 

13. 2d, in the following four years. It was an scciixmlator locomotive

system and by 1894 - 5 track repairs were costing over 2d. a car niile, a
; above 

figure much Athe usual horse cost. Receipts T?or car mile v/ere unusually
2

' high, averaging 15. 5d. over the five years, but scarcely high enough*

Accumulators continually broke dor/n at considerable expense; in 1892 the

Electrical Review quotes soir.-eone resnonsible for working them "We patch
3them up by night, and the following day the patches corse off".

In the early 1890 7 s the American syston of the overhead trolley 

did be^in to appear. In 1891 the South Staffordshire Traasvay decided

•

1-. j>g* Vol. 27, P 30. 11 July 1390.
I

2. E.P. Vol. 35, PP 290 - 2, 7 September 18%, and Vol. 37, H> ̂ 08 - 9
c... and 364 - 5* Taken fro a the Railway Viorld.

S.R. Vol. 31* P 393. 30 Septciub^r 1892.
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to adopt electric traction on Vac Qvcx-hoad eyotea. This ^aa a 

lino 23 Ciilci* lari^ in the T.'ulaslig iTednccUsxy and tieut Bronsvich nro&, 

after c&ny ces::.lalnts the local cuthoritlea witi&rctf their penaicsion to 

uco iiteiiii es^incis, A. JDickinaoa, oho £,cnoral Zuuns£,cr» aria F* Brawn, 

the electrician to Vtelcali Cox*r,yratiari« ir^\dc a tour throu^ii tl^e U.S« to 

report on tha electric traaB?oada» £hey ca-sc back intpi*eii^ctl siKi in 

tho Klectric Const ruction Corpc-ratica v/zia can.r*issionod to ecjulp 9

cja tho overhead c^tc.'u. JJoaawIiile, Cra; f £o2:or» an ^aoric&n
2 . . 

ccoatrucftecl a tras:Gy on Uis T.-.coaon-lIcu3toa custom at Leeds. Thia .,

Operated cucco^fuliy at Kounuh^y, accio cliat&nce frcsa tho centre of tho ''..':;• 

city* •:•••••• • ...--. :--r--- • : ^

- But despite t^*is thore t: ao no general -ontiiusirtaci tor olectrio 

by the ciiuilo ninetias. The trade c^olo worked ^airu;t pooaiblo 

t^ors or nc^ schemes* iione;/ ?;e.3 difficult to raico ^or new electrical 

ventures of tear IG^O* There v/iio alc'j the ^onoral indifference o* lii^iiaij 

cieotricAl Kicnufactur-rro* They had osporionr.c o* elecU'ic traction 

cd^ittodly only en the 3*"d rcdl o-ystcc;, which v/^ui unsuitable for tracis, '• 

but thoy pieced no part in ihc i^^rtant inrtQvr.tiona, and ceased to" ahov - : . 

tlo i^tcre^t iii then* This was pertly bcceiaao or fin£i*cial difficultios , 

create u * demand they v.- w-.uld h&vc iicil to rin;jico olectrio ti-actioa

ii tiicasolvoo and ;d'ior 18?1 - 2-thqy wore illiquid* lairthor 
n^ tyculd have b^cn difficult and oacpsnsive, yot in 23%. Z?erriinti

1. E^« Vol. 29, ?? ^50 - 1. 25 Soi
2. Cno of tho noin 0»3* ajpteca,. G. Klan-.-er .0 >_cit ,., P 65-
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commented ... "everything of a new nature required an i.-sense amount of 

personal efi'ort and continual work to bring it forward. Electric traction 

required all the energy of the v/holo electrical industry ... n

TCith no-one able to demonstrate in practice tho advantages 

and costs of electric trams there v/r»s little knowledge of either by 

1895* £t is in this situation th.it one can appreciate the great 

contemporary argument- against electric overhead trans - that the wires 

were so hideouo as to be intolerable. This v/no used to a surprising 

extent in the fir,;t half of the nineties, although as one rai^ht expect, 

when the utility of elevtric trains had finally become obvious to all,
\

it v/as discovered that overhead wires could bs made quite unobtrusive* 

The aesthetic argument v/as an excuse for delay rather than a <;ood reason. 

In IB97 Manchester Corporation decided to change over to electric trams on 

the overhead system. It was on all grounds except one the best, and the 

, only objection, tho aesthetic one, v/as disposed of as follovs- ...

11 the overhead construction h^s been brought to auch a state of perfection 
that the objection on aesthetic fjrounds is extremely small; indeed thoro 
are probably not half a doson streets in the finest cities, architectually 
speaking, in the v/orld in v/iiich it would be held to bo a disfigurement. 
Certainly in our opinion, it would be none in th? busy oo.7-7:ercial streets 
of Manchester in which the trams -at present run".

The middle nineties saw the formation of British Thomson-Houston. 

It was largely financed from G-er^iany, but v/as staffed by American engineers.

!• >'.^. Vol. 35, P 780. 28 December 18?J>,~ /

2. j?.e^ort of Lloyd Hifrinbottom, Chairii.cn of Electricity Co^^ittee^
Joiin Phythian, Deputy Chairman, and C.I1. V/ordinrrham, City Electrical
Engineer, 11 Octobe.T 1897-
3.R. Vol. 41, £? 568 - 9. 29 October 1857-

*,. *
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This gave a great irnpetus to trsrsvny electrification. Its first customers 

were the Bristol and ^Dublin Tz-arisray Companies. Both v/cre con -scted v;ith 

the Imperial Tramvay Coiapany which in 1391 appointee! J. Clifton Robinson 

to its staff. Robinson, born in Birkenhead in 1348, had v/oricod in trams 

ever since he had been employed by G-.P. Train, the horse train pioneer. 

He had from the early days been an advocate of mechanical traction, first 

the cable, then electricity. He had spent the late 183 G*s i-i California, 

where he hnd seen the American innovations in electric traction. After his 

return to this country he had be^un a series of conversions of trama to 

electricity, starting at Bristol and. Dublin, He worked closely v/ith

B. T-H., who completely ecuipped the Bristol-Kin ̂ vood line, opened in 
•j " '

October 1895* and the Dublin line, where in 1896 B.T~II. v.ere equipping 

6 J miles of overhead system. The initiative was partly B.T-K. f a and 

they followed those pioneer lines v;ith a rrorber of proposnla to existing 

undertakers. In January 1896 they vrrote to the Town Clerl: of Newcaotlo 

upon. Tyne whore the Council had. been debating trawK/ay improvei^cnts, 

principally hinging on building a cable trarr.7ay. They offered to equip 

the line owned by the Corporation and lease it for 7> l*i- or 21 years, 

supplying their o:m trams. They would charge the fares suggested by 

the Town Improvement Conmitteo. They also proposed to pay a 7/v rent on the

cost of the reconstruction of the lines, 3 :•> on the value of the land, and
2 

15/j of the net profits. In Decenibcr 189& they wrote in similar terms

1. _£.U. Vol. 37, PP W - 53. 11 October 1895.

2. E.R. Vol. 38, P1J 18 * 19. 3 January 1896.
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1
to Yerciouth Corporation. •

The cuccsss of the Dublin arid. Bristol schemes, the very successful 

tra.uT;ay,'5 of the U.S.. and tho bc^iniiin^ of substantial electric tramway

const 101 -Juicn in G-enuany all combined with tho rising demand for tramway 

transport to Gt^rt off cubsiontial electric troraroy construction in this 

country. The X^perial IPrariLYays expanded their scher.es* In 1&96 tho 

Bristol TraL7.vay Oaq:an^' ^ro;aotod a Parliamentary Bill Tor \vicle extension

of their electric trolley track into Bristol. By 1(3 £'3 the Mictdlecbrough,
2 

Stockton ario Thomaby trrjnc hnd been clcctrii'icd under J. Clii'ton

Hobincon. B. T-K. auvslied all the ecui7:;iient arid II.F. Parsl:all, B.T-H. *s
3

JLiorican chief cn^inccr^ hc*d supervised i-CLl the v/ork» In that year they

proposed a bi^ scheme for the Lovidcn United Trasways. 9 miles of 

exiatinr trade v/cro to bo electrified and another 3A- miles added.

/ Tho other tronr.vay ec.-ap:^iies still o;,ov/cd little interest, but 

a lar^e ccheiiie for slcctrifyin^ than was put f or.vnrd by the British Electric 

Traction Co. This ec."V'^ny v/as forjiisd in Octo cr 1896 v.'ith the object of 

gaining control of exiotiiig Luulor takings and el^ctrii'y^cl them. By tho 

end of 11397 aiTrin^eT.onts ht-d been made in 19 places for adopting electric 

traction. By rJarch IS 99 3.K.T. had financial interests in ^0 companiea. 

cno it v/antecl to build nev,- tri-ja/ays v;here none existed, B.jj.T. soon 

iiio to doiiiiiiate ccupony traiivaya. 37 of theiu were electrified arid

1. 1S-H. Vol. 39, P COO, IS December 1

2. 6^.- mles, mostly of double track v;cre involved.

3. a.K, Vol. 43> ^ 235 ft\ 12 Au^u->t 11^93.
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>! extended by 3*3.2. -Is Tc£lo 37 chcrca IV;).?. ^ffillitetf. trcmnye carried 
•;' the aajority of the pjwocnr^rs t/ha travelled OD cafn^riy trai^'ayo. Tl-^o 

D«i«^» fccbcsica ivcro or. tl-sc overiioacl troluC;y ^Tatcr^s th.oy woro GiCT?i** «* V ^r V *•

flppiS'i^G ^ J':o Ariicric::--.*. irjvvreticrc. ^'3 Privnto 7;ror/otioh of ncr? 

: • wre helped by the? Idt ,ht HrJU^nys Act of 3396. It ?;nc crl^inolly intended 
for lirjit r/?J.lv/,^'G in rurrl areas, but the clrj.:r^ giving th? local 

authority powers to rurchasa r;c.n :ai<:h no".*c libor.?.?. thnn tho 1^0

ji'ho ixiPlolr-o.Ilt.io^ T;O;:":J also involved on a l??rv*> &<3P.?.« in tho 

trt'.Hf.vfty iuvnstri.ont cf the I^to nineties, I*?. ;?r:y IB^r? l.^^cla Cor; ̂ oration*
i «rcsoctl b/ the T'lic/^cn-I'-MiD^on oyiito^i nt HrAirdhoy decided tr? floctrify

1 2 
on th«» o^orhoad syctcni. i% ,1^9? 10 rxli^c r?orr? in or.-orr.tion. Drcsdford

ted 2 •cllGu cf .^irr^n^r.t c] octree trnck by 1896. I>v3t thr» 

ovcn^nt .str-rtci* in. 2f>9?'V?hcn Livcrpocsl Glnr.r;o:/.' ^innci'.cnt'K', Sh

cHod lo c-'?v»tvuct r.v:-rh^.?.c3 troll/?,;'",* L^c1*!?-...; i:.l*o ration, n cloputation 
of the Tcvvn Counoiil.x^ ivculcl ^;?> to C^.2r-.«ry to 1 -•«>'-r nt the nw/ cloctrio 
•trc£j5, or atfrc? oconor-icr\ily f t-;> Brl^t <•:.!> Gcr.ct ir^c ('cp^itfATl^ns %cra sont 
to tho Unitc-a States. Clnt*^cv; ? jvsriua.-»o thrs nnst thorough tn;vn of all, 
sent eo;.t!t.oti:r.^ to 1.1 CcntinorJ. r\l tr-r^r, and to tho Unitoa Stntoa in 1396. 
T-uch czosditions wftrc thMi^ht n?r.or:3ary to onnurp thnt they t;ore not

1» Ho^oit cl' I'rL*.-:^' C;jiiv.itt,oc of Lccc:a Uor7'xirr-tic»ru .^«.H« Vol
,. I-'P 62C ~ 1. 1? ,".r.y .».f)?5- " • —— '

2. K,n. Vol. U, P Av?6. ?9 Cotob.?r
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engaging on & speculative venture. Thoy took a long time deciding what 

they ought to do but one they had made up their minds they were usually 

quick to act. The wave of tramway construction which followed waa dominated 

by the nainicipalities.

The only large lov/n where the electrification and extension 

of trams was seriously delayed was in London. Although the L.C.C. 

had obtained powers to run trassroy in 1395, and London was badly served 

by trass, they did not consider ma^or trasvay extensions and the use 

of mechanical power until 1900* "&J 1505 when other big towns had 

eliminated them the L.C.C, carried 23/j of its passengers south of the 

Thames by horse tram.

Alone of tho local authorities they r/ere still sure that the
1 

overhead trolley was too ugly to be adopted and resolved to build all

their lines on tho conduit principle. They were following tho practice 

of many capital cities: Berlin, Brussels, Budapest, Washington D.C. 

and New York had conduit systeais, but they v/cro very much more expensive 

then the overhead trolley, both to build and to work. F.S. Pearson, 

tho engineer to the Ecw York conduit lino estimated that the cost of 

cleaning and maintenance was £180 p. a. per mile against £60 with the

overhead system while it cost £9>&43 t>or xaile of single track to build"2 

against JT$,822 on the overhead system. The engineer of the V/ashington

1. Tho L.C.C. tried to forco tho L.U.T. to adopt a conduit for the 
& nilcs of its linos v/hich v/ere inside the Administrative County, 
but Parliament overruled it.

2. Report to Liverpool Corporation. 3.R. Vol. 47. K* 22|£ - 7 
19 August 1900.
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and Baltimore conduit line estimated its coat per mild of double track at
1 

£17,221 against £8926 for the overhead. Thus an expensive system was

adopted, and to make matters worse actual expenditure exceeded estimates 

by a wide margin. At first the cost of the first 200 miles of track was 

estimated at £3 million; by 1903 it had risen to £5 million. The 

adoption of this expensive system was to have unfortunate repercussions 

later.

The overhead trolley turned out to be an innovation which 

substantially reduced costs. ¥hen it uas first considered it tended to 

bo thtv.aght of as reducing costs by providing a c.heaper form of motive
9-

paver, "but eventually this proved to be a minor point. Much of its 

economic value lay in its increased speed and carrying capacity. The

electric tram travelled at a speed roughly half as fast arain as that of
2 

horse cars in cravded street conditions, and relatively faster in the

suburbs. The much more pov/erful electric motor meant also that the size of 

the tram could be increased so that instead of carrying about 25 people the 

double decker electric tras could carry 60. The electric traia improved 

the value of the transport offered, by raising speeds. But it also 

benefitted the cornmnity by providing transport which used less resources 

than the horse trams, and tl.is also was partly because of higher speed.

It is difficult to conduct a precise analysis of costs, for there

!• Report to Manchester Corporation, ibid.,, These figures agree 
well v/ith other contemporary ones.

2. Koyai Corrjnission on London Transport* Report by Advisory Board 
, of Engineers. B.P.P. 1906. Vol. 4-5, E? 24 & 25* , . •
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is inadeguate information about capital costs. But the general outline 

is clear.

The best unit of output to take is the car mile. The siae 

of capital expenditure was primarily a function of the mileage of track.

About 75;* of the investment of a tranr/ay was in its track, overhead
1

equipment and power station, when it had one. Expenditure on trains

and horses remained a fairly constant proportion of aggregate capital 

expenditure, This we should expect, as there is a faifrly constant 

ratio of trancars to the route mileage.' Table 38 gives capital 

expenditure per mile of single track. Other figures are in route miles 

and as double track was usually used I have doubled these f igurcs. It 

is difficult to knew v;hat charges to zcake for interest and depreciation.

I have taken 3$ interest charge throughout, 5»0/^ p*a. depreciation for
2 

electric trams and for horse tracs 6.5/^ in 1S?8 and 7«2j2 in 1893.

Except for horses these depreciation figures are considerably higher 

than the depreciation provision code by the trarav/ays themselves yet I 

do not think they are too high. In Table 39 capital costs per car 

mile are calculated on this basis and working costs and receipts per car 

mile have been taken from the Board of Trade Returns to show total costs 

and profitability.

1. About half the electric trais'/ay mileage in the country was supplied
. by trocway power stations.

2* Assumptions are baccd on years of life of equipment. , They are:
Electric cars 12 yrs. (^00,000 miles) 
Other equi^-.jsnt 25 yra. 
Horses 3 yrs. 
Horse ccT3 10 yrs. (300,000 miles) 
Other equipment 30 yrs.
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Table 38.

Cp.p3.tnl Utilisation, micl investment.

Tear

1873

1886

1890

1894

3B93

1902

1906

1910

1912

Cars per route 
mile of track

4.2

4.0

4.0

..'-4.3

5*0
5.2
4.9

.,. k»9
/ ' 

5.0

C*. O v» rv> T i ft <"*
V-/-f_^J j ] 1 Ait J • Vj* *•»•*

per car 
p. a.

000

16.7

* •

17.0
18*7 >

22.7

24.4

25*3

Car miles 
per route 
mile p.a»

COO

70

• • •

85
^V^J*

1 ^/vJ ' '

in
120

125

Capital 
expenditure 
per zdJA of
single traclc

£

5877*

•r

10469

11648

17373

13332

fo of Capital 
expenditure 
on track £ 
power station.

79.5

• . •

74.5

74.2
75.8
75.1.

1879.

Source? Calculations from the Board of Trade Returns.
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Table 39.

Coats ci-cL, ItevoTiue per _car mile.

Year

1878 

1895

1G9S

1906

1910

1912

\Yorking costs 
per car mile

d.

9.2

9-3

6*6

6.6

6.7

Capital costs 
per car mile

d.

6.4 
1

, 6.3

6.1

5.8
5.7'

5.6

Total costs 
car jaile

d.

05.5

15.4

12.4

12.3

12.3

per Pweceipts 
per car 
mile

a.

n.9
12.1

10.7
10.6

10.7

Surplus (+) 
or Deficit (-) 
per cnr mile

d.

-3-6

- 3.3

-1-7- A^

" - 1'? •";*$

-1.6

1. Car miles per route mile p.a. estimated. ••.--/' ...-•
/ .-.•'''"• 

/'•• ' ' -' "'"'
Source: Calculations froai Board of Trade returns.

Despite the higher investment per mile of track, electric trains • 

seem to have been capital saving per unit of output. This v/aa achieved 

by using their hit^her speed for a relatively intensive rather than a 

folatively extensive service* For the trams were primarily for urban 

areas.

Operating costs also fell dramatically. The cost of horso 

traction per car mile was high, between 3«5d. and 4»5d* in the nineties. 

The amount of electricity used per car railo varied between one KtYh for the 

small cars of arouni 1900 and tv/o for tho double deckers of 1913*
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Table 4.0. 

Electricity u GO d -oar car irJLle KT/h.

Companies I2unicipalities

15C5 0.95 1.49

12C8 1*34 ' 1.69

1913 1*42 1.90

Energy coat 2d. - 3d- Pc'^ &Vh in the nineties, but fell to Id. - 2d. 

by 1906 when the conversion to electric traction was complete. Thus 

when electric trass were first introduced the cost of traction per 

car aile was about 2*5d. » roughly 60^ of the cost of horse traction. 

By 1913 the power cost per car znile of a large double decker tram mast 

havo been still only 2»5d.
0

.-' • Traffic expenses, mainly the wages of operating cre^s, fell 

with the increased speed of electric trasia* They were half as fast 

again aa horse buses and with this increase traffic exi>ense3 fell "by 

about tv/o thirds, from about 3»5d. to 2. 3d. per car mile. Management 

costs were partly overheads and partly varied with the car mileage. 

In so fas as they were overheads they would have fallen with increased 

speed. .

Thvs relatively lo;v operating costs of electric traction are 

shown. in, Table 41-
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Table 41.

cs • 1900.

d« per car mile
*

5 horse lines 5 steam lines 8 electric lines

llainleuance of 
pernanei

Power 

Renewals &

way

> cars

:penses

jnses

Profits

0.04

3.72

1.10

3.03

1.15

9.45

on Tra::.v.'ay Undertakings

1.30

3*51

2.24

2.32

1.31

10.68

, Paper to the Tram

0.77
1.38

0.88

2.6?

1.15

6.85

:vays<S:Source:

Light Railways Association. 29 June 19CO. E.R., Vol. 47 PP 75 - 7<

The capacity of trams rose very considerably, and this would

not have been possible \vithout electrification. Thus co-ts per
1 

passenger seat mile fell at least twice as fast as costs per car mile.

Loading did not however increase. The service improved, many xaore 

people travelled, but about the sasjo nuiiiber rode in each car, (Table 42)

By comparison the other possible fonss of mechanical traction,
2 

steam end cables, v/ere much inferior. Steam trair^ offered little if

1. It is impossible to be more accurate than this as the average 
capacity of trams is not knov/n.

2. V/orked by an endless cable v/orlcing in a conduit between
the tracks. The car has a crimper v:hich is released for stops.



183

any cost advantage over horses. Power was expensive, partly as smoke-*
1 

less fuel was expensive, partly as the steaia engine is very inefficient

when stopping and starting. Although the greater speed reduced traffic 

expenses it made up for this by greater wear and tear on the lines. But 

they were used. In the middle nineties there were rattier over 500 steam 

trams in Britain. "

Table 42. 

Utilisation of Trnrava.ys , t

Passengers per car mile Passengers per route
ails p.a* 000

1678 7.7 543
1893 9.5 807

19C2 9.6 940

1906 9.1 1*025

1910 9.4 1,194

1912 9.6 1,204

* 1379.

Source: Board of Trade Returns.

1* C. Klapper, op.cit,, P 47*
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Cable trends were seriously considered, and were actually 

installed in a few places* But the capital cost was high and in return 

the running costs sceni to have chcv;n no inprovcnent on those of the 

electric overhead, except where the density of traffic was very high. 

Porrer costs were in general no loTrer than those of the electric traia 

and maintenance costs were higher* Hcr/cvor the major economic 

disadvantage was inflexibility. Cars could run at one speed only and 

if the cable broke, which it often did, all cars were inuobilised. 

This, esvto/ard for small systems in the centre of town, would have been 

intolerable with extended lines of 1205 - 15 carrying large numbers 

of passengers. , •

Demand for trairsvay transport was rising continuously from 1886. 

But both the series for total passengers and that for passengers p. a. 

per route mile increase nore rapidly after 2S94« From 1836 to 1894 

inclusive passengers were increasing at an absolute annual rate of 

50 million p.a.; from 1095 - 1399 this rises to ?0 million p. a. 

Passengers per route mile from 18G6 to 18 >4 rose at an absolute annual 

rafco of just under 50 p.a. and frcu 1395 to 3B99 at one of 85 p*a«

This coincides remarkably closely uith the increase in tho rate of. 1- 
building froa 1895 on;yards slio;vn in J3. »vcber's figures. The tramways

of the nineties were short but at least took people part of the way

out to the suburbs. And the nineties were a period of migration to the

!• Sc6ttish Journal of Political Economy 1955. Also J.P. Lewis. ioid. t 1961.
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Table 43- 

jcJ^-t.ion.to tho Terms l£3l - 1911

Gain (+) or loss (-)

1631 - 91 - 31,185 •

1891 - 1901 * 294,346

1901 -> 1911 » 89*208

London haa "been omitted because of its peculiar 
transport situation ivhich merits particular attention. 
The figures cover 126 to;vns.

Source: /\,K. Cairncross, I'cri3 and Foreign. Investment,
lS?o - 1913* P. 70

It sca-23 highly lUcely that building and migration increased 

the demand for tramways. Short of a completely disaggregated study
/

of building and trainsray experience in individual tov;n3 one's conclusions 

must be uncertain. But aggregates do cast a little light on the matter. 

The traicvays were in the big towns. The boroughs with populations of 

isore than 25,000 had 14.8 pillion inhabitants in 1891 and 18.4 million

in 1901. Dividing the nusibers of traisvay passengers by thesej>
populations we get 33 and 71 respectively. If the number of tramway 

passengers had grown throughout the decade at roughly the same absolute 

rate as from 1091 to 1894 the index of journeys per head would have . 

been 40 in 1901. Thus if population increase in the towns was steady 

throughout the decade the increase in passengers in 1891 - 4 could

1. This is not a good figure fur oho niu.bor of journeys per head in the 
towns but will do woil enough as a type of index nunibcr of average 
travel frequency. Undcj:t;Juii\»!;3 established under the light Railv/oya 
Act are excluded froa the published statistics before 1902. The 
1901 figure of passengers is estimated, the estimate being 2300 million 
as against the published 1193 nillion.
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simply have been because of population growth* If passengers had gro'.m 

at the sair.e rate as in 1595 to 1893 (or 1859) the index of Journeys 

per head would have been 53* This nay be said to be the rate of 

increase due to building although of course such a conclusion can only

be very tentative. This assumes that the housing 00021 had the same
1 

influence on the later stages as in wl:e earlier* If it Is correct

to assume this, the remaining increase aust be due to the effect of the 

electrification and extension of tranis. They were much faster than 

horse trains and fares v/cre often a little lor/er, especially worktuens* 

fares. On these assumptions 33;!- of the increase in passengers up to ' 

1901tv/as duo to population grov/th, 50^ to building and 32/o to traravay . 

innovations. The building boom was net crucial to the decision to 

electrify in a number of cases at least, uut it probably affected the 

length of line filially built and perhaps the timing of conversion, 

llany local authorities had in the early .and Kiddle nineties been generally 

investigating mechanical traction. Cable and steaai traction, particularly 

the former* were considered. But the Thojnson-Houstoa lines and 

developments abroad shov/sd that ths electric overhead system was much 

cheaper and also faster and raore flexible*

The electrification of the trasrjaya, and the extension that 

wont with it brought an increase of demand of itself. This was helped 

by a reduction of fares. Many municipalities reduced fares when they

t ' ' t

1. The passengers figures for 1895» 97, 93 & 99 all lie on the line 
of equal absolute gro,/lh a-sut:.ca in the calculations.
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took over the running of trairrrrr.ys. Liverpool Corporation reduced faros 

"by jjO/i v/hen they took over nna electrified the tram. In I!anchestor 

the average fare per ndle if the full sta^e v/as covered fell from 0.93&

for the horse cars to O.JjSd for the municipal electric cars after 1903*
1 

By 19^-i- it was do-.vr. to O.^fjd. They v/ere especially anxious to havo

cheap workmen's fares. Often when a eonpany ?/as ello/jed to woi'Ic tho 

trams, low v;oric.TiCn's fares v;ero insisted oru To construct an index 

of fares is virtually imposrdble and the follov/in^ table of receipts 

per pfissenrer suffers in that the length of journey is unlaio77n, "What 

is likely ia that the average length of journey travelled rose.at the 

time v/hen the trails were being extended and speeded up.

Table 44- 

Average receipts T?er passenger d.

1352 1

13% . 1.U

1896 1.31

1893 1,2?

1900 1.23

1.15

1912 1. 12

Source : Board of Trade E,-. turns

1. C. Klapper, op.cit. PP 134 - 5«
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The extent of the increase in dcrr.and was considerable. By 1905 there 

were 2,236 million passengers carried on the trarr.yays. If passengers
*

had increased at the sa-^e absolute rate an in 1393 - 9 there v/ould have 

"been only 1,200 million. Individual to.ms tell the same story. In 

Dublin, Glasgow, Newcastle and Sheffield traiavay passengers in the two

years following electrification vrero ?£>> 79^> 394/^ and 551, o greater
1 

than in the tv;o years preceding electrification* Some traf I'ic was

gained from horse busos and cabs, "but in the cases where figures are 

available it was less than 1,'& of the total increase •

By the end of 190.3 the int eduction of electricity had led to 

a doubling of the tran-vny mileage but thereafter the tran?;/ays extended 

more slowly* In the four years 1399 to 190} inclusive 776 miles 

of tramway were built; in 10 years fr-xii 1904 to 1913 another 834 miles 

were added* The tramway boom did not die av/ay as quickly as the building 

boom but it declined at the seras time.

In the United States t rarer/ay construction stimulated residential 

building* but in this country the effect vras cuch less powerful. Beforo 

or.e cnn drav? any very firm conclusions about the relationship between 

building and traCTays, a detailed study r;ould have to "be made of 

individual towns. In itr absence one can only speculate on the likely 

strength of the influence of better transport on building. Better, i.e.' 

faster and/or cheaper transport on "building, reduces the cost (in money 

£n<3/or time) of living in the suburbs. But the extent to which a £iven 

reduction iii tho cost of transport (jiionoy plus tl-iic) will stjjsulate the

It Royal Co:r-;dssion on London Transport, B.P.P. 1906 Vol. 42, P 938 »
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demand for suburban housing will vary. One would expect it to be 

considerable either if the income elasticity of rleirxjiri for suburban 

housing, or the rate of growth of income v/as high. In the relevant 

period British incomes do not seein to have been high enough for one 

to expect a high income elasticity of dornand for housing. Trains were 

always regarded as being rather proletarian, and thus it is the incomes

of the artisan and lovrer middle classes that fire relevant. Also at the
, ' 1 

time income per head was growing only very slowly.

••-.'••:'• . In this situation one v/ould errpcct "better transport to stimulate 

suburban building only clor/ly. Contemporary evidence as to the matter 

appears at first to bo rather cor.if licting. During the building boca 

1B95 - 19C3 many people argied that better transport had led to 

considerable suburban building. llany of the witnesses before the Royal 

Commission on London Transport put forward this view. Yet after the 

end of the housing boon vicv;s begin tr» change. Writing in 1910 the 

Electrical Itevier; commented "it v;as thought • . . when electric trams were 

being intoduced that they would help in the development, of the suburbs, 

but while to some extent this has been realised it is generally admitted 

that it has proved somewhat of a failure* One could point to many milea

of trarr«7ay built to onen up a district but which on those sections ore~2 

finc-ncially hopolecs." "' •

1* Brinley Thomas, rirrntion gn?. Scongmic aro'.vth, Cambridge 1954,
Tablo 23 for calculations from A. it. Prestos National Income Estimates*

2. T^i Vol. 67, FP 431 - 2. 23 September 1910.
v\
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However, these two vio;vs are .not necessarily inconsistent. 

The low level of building in the 1880s and the considerable internal 

migration of the 1890s mad a building boom in the late nineties inevitable* 

The situation of the now houses v/as no doubt considerably affected by 

transport facilities. But the influence of better transport en the 

amount of building may not have been n ?rge. The effect of cuivent 

transport iisproverrents perhaps prolonged the building boom, but their 

main influence on building may have been to determine the siting of 

suburban building in the next boora. In any case what is j^ortant here 

is that the effect was small in the short run. Investment in tram/ays 

involved discontinuities. It was not likely to be undertaken unless the 

rate of growth of demand for tram journeys on a proposed line was high. 

Thus the fall off in tranwsy construction after 1903 is to be explained

largely by the very slow rate of urban growth in Britain. It has been
" ' 1 

suggested that this is primarily <?ue to migration, but the explanation

of slew urban growth, if the argument of the last few paragraphs la ; ; 

correct, is not relevant here. .

In Britain trams remained within the to";ns. By contrast 

much of the tr'oirr/ay building in the United States after 1900 was of 

inter-urban lines. By 1906 nost British irmrcys had been electrified 

.and extended to meet roughly all the urbnn demand ?.t the tine. Considerable 

extensions on the outskirts of the tavns r/ould not have been likely to be

I* I)y A.K. Cairncross. Op.cit., Brinlcy Thomas. Op.cit.,



192

profitable. Costo briroly covered revenue as it v/as and costs per car 

mile were only kept low by frequent cervices. The only figures available 

which throw li^t on the frequence of service are those of car miles per 

route rr.i]0p.p» If we assume a trackway day from 5»3& a»w, to JO.JO p.m«* 

365 days a yeor, on the average, there was a frequency of service of
i

6-7 minutes during 19Q5 to 1912. Fores were* low, pertly because

working class incomes were low and it was feared demand was elastic,
v end partly because the municipalities wanted cheap travel1, for the working

class. Fnen passengers were paying a little over Id. per fare about 

1C passengers on the average throughout the day had to be on the tram

to got a revenue of lid, per COT mile. J.R. Salter, general manager
1 

of the Lancashire United Tranis in a paper in 1910 stated that he

thought that lid. per car mile was as much as could be hoped for with 

the existing fare structure* And a well populated area, was necessary 

for that* .-

; If extension of lines on the outskirts of the torro were 

unprofitable, inter-urbr-n lines woulu hr.ve been less profitable. The 

fact inter-urbnn traffic vras already catered for by the dense network 

of steam railways, which did not cxi^t in the United States. Lack of 

co-operation between odjncent municipalities and bsd relations bet?;een 

ai^vay corr;ariios raid local authorities alno delayed inter^urban trancray

1. J.R. Salter. Tr srrvay 7. c onc*nic s . Pf^-or to tho Trar^ay Confess 
printed in tLc ^,H.> Vol. 67, P? 5-3. 1 July 1910.
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connection* However, consideration of the cost and revenue situation 

of the tramways flocr> suggest that political . difficulties reinforced, 

the effect of the ccoinonic situation.

It is significant in this context that the companies did not 

expand after 1905- Their enthusiasm of 19CO soon turned to disappointment 

'as the electric trams were found to b.; not as profitable as had been thought. 

The British Blectric Traction Co. was soon shown to have overreached itself 

and its profits dried up. It T,SLS not in a position to borrow further, 

but in any co.2e there v/src no financial inducements to do

11

Tranways ran through the streets, but any urban railv;ay which 

wanted to operate at higher speeds had to go underground. Except In 

Bpocial areas elevated street roll-jays would have "been prohibited on 

aesthetic , grounds* ^Stesn traction "das not suitable for underground 

operation, even -thcix- h it had been used on the Inner Circle, which waa 

completed in 1804. Yet there was a demand in the largest towns, and • 

especially in London, for more rapid transport than could be provided by 

horses. As eorly as 18^7 P.W. .Barlow, who was .m ex;>ert on tunnel

Construction y.-rote a p^r^hlot ndvocatin^ "aaubus suUvaya". There
1 

were other proposals for short underground railways, and in the 1330s •

!• See G.A. Sekon, Lgco:noticn in Vlctori^i.T^rraoji^ Oxford 1930 & 
. T.S. Lascelles, The City & S::uth L~cTi5.cn Rail-.^y, Lingfieid 1955.
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a croi> of such schemes. Cablo traction wao an improvement on steam

and in 133k Parliau'jnt v."iS asked to grant powers for the construction 

of an underground lino from thi Oity to the Elephant and Castle, on which 

cable cars were to be used* But electricity was obviously a competitor, 

even in the .ado/lie eighties.

•-;.;• ,. . Sieiiic-113 Bros, were the most important pioneers of electric 

railways in Britain*. Terror Siemens built nn exhibition electrio railway 

in 1879, and a street railway (on the third rail system) in 1882 The 

first electric railway in Britain was built in 1832 - 3 by Magnus Volk on the 

beach at Brighton. He used Siemens equipment. At the same time the 

promoters of a railway being, "built along the Grant's Causeway in Northern

Ireland decided to try electric traction and called in Siemens. Siemens
2 

built the electrical equipment for t.ho railway. However, for many years
/

electricity was used for only a small part of the traffic. Electricity was 

at a relative disadvantage in a rural area but the technical success of the

line shov.'ed that electricity could be used in this way. Trillion Siemens
3

died in 1S33> but hia chief assistant, Dr. Echvard Hoplcinson Wiis very

Coon acized to design an electric railrzjy to mn-froaa Bessbroolc to Nenry* 

Ho soon moved to Ilesaro. Ilather & Platt, \vho had recently opened an. 

electrical dcpartjaent to :.isnufacture the Eclison-Hoplcinson dynono. 7he

1. As v/ell as the ones discussed belo?: there were Bills: in 1832 for
for the Cer.tral retrovolitjui RniJ.v.'Dy (Kirk's Cro r. to Parliament Square); 
in 1384 for the London Central Electric Railway (Northumberland Avenue 

<T. Piccadilly to the Old Bailey); in 1835 for the Charing Cross and
;. Euston Railway & the Kind's Cross, Charing Cross and V/aterloo Railway.

2. C. Klap...cr, o_p.c:lt._, H? 57 - 9.
/

3» Bom 18^9, was 10th v/ranclerat Ccciibridre in 1831. In 1993 ho 
becamo a i?ollov/ of E^aanuel College, Cambridge.
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latter was an improvement on the Edison dynamo made by Dr. Jolin Ilopkinson, 

£dwardf 3 brother. Thus leather & Platt built the electrical equipment for 

the Boakbrook - liewry line, which opened successfully in 1835 •

In 1G33, iiather & Platt approached the Directors of the City
1 

& 3. London Railway*, whose tunnels were already under construction, to

try and persuade the^i to adopt electric traction rather thau: the cable* 

They succeeded and v«rerc awarded the contract for the electrical equipment* 

Sie&ens 7/ere aluo interested in the achsuae* Alexander Siemens later told 

the British Association that n a perfect agreement had been arrived at 

(between Sierucna arid the City & South Luridou iiailvva^O dn'tho technical

points of .the question/1 but that the contract had not been given to them
2 . 

"for financial considerations* 1' - prcsimably Hathez* & Platt f s prices

were lower. Electric locomotives were to be used and leather & Platt
3

built the first 14, although in IS 51 2 were bought froci Siemens. • ; The

.railway v/as opened in 1£>90, 5$ miles in length and extending south to 

Stockweil*

Siexaens iiroc. • had also helped to promote an underground railway 

from Trafalgar Square to V/aterloo, to be v;orked electrically. Parliamen­ 

tary powers were obtained in 16S2 but work on the railway \vaa then 

abandoned in iG35«

'•iiia initial iapctus bohirji ^heae schemes was ir^rovojuente
'*'

in tunncj-iirit:;* They stemmed -rom the origiixul idea of the elder Brunei

1. G-. Annealey' Griruile. The City & South London Electric Railway.
E.R. Vol. 31. PP 140 - 2.

2. a.R. Vol. 31, PI5 089 - 92. /iU^st 1592.

T.S, Lascelles, op.cit., Appendix, P 34-



for using a shield, which protected the roof and walls while they were 

being "bricked in. This was developed by Barlow, who patented the idea

in 1864 and then by his pupil J.H. Greathead who was one of the original
1 

promoters of the City & South London line. It was the Greathead shield

which made, the deep tube lines possible. The combination of easier 

tunnelling and electric traction made "tube" railways seen very attractive* 

They Tjrnrnised rapid transportj the City & South London railway was to 

take 15 minutes to Stockwell against 45 by horse bus. London was growing 

big enough for there to be a demand for speed. In 1391 Parliament £.avo 

permission for the construction of a tube railway from Shepherds Bush to
•v.

the Bank of England, the first railway to cut through the centre of
2 

the metropolis. In 1392 a Joint select comrdLttce of both Houses was

set up to consider four ner; schemes and extensions to the existing two.
3

Thb now ones v/ere the Great Northern and City, the Kamostead and Charing
'3- . * 4 

Cross, the Waterloo and City and the Baker Street and Waterloo. The

Central London Railway was to be extended to Liverpool Street Station and 

the City& S. London to the Angel, Islington. The Waterloo & City scheme 

was sponsored by the London & South Western Hailwsy, who had since the 

• fifties been considering an underground connection between the City and 

their tcraiinal station. 12ar2y estimates had put the cost at £3 * 5 millions, 

but they found that electric traction could reduce the cost to £5

1. T.S. Lascellcs, op.cit., HP 2 - 4»

2. The Central London Railway, part of present Central Line.

3» Now part of the present Northern Line.

4* Part of the present Bakerloo Lino.
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1
and decided to carry out the scheme. The other schemes were new ones.

The Committee reported that "the evidence submitted to them was conclusively

in favour of the sufficiency and the special adaptability of electricity
2 

as a motive power for the purposed underground tubular railways . ••" and

recoranended that the scheme should be passed. The narrow tunnels used 

by the City & S. London were to be used. The L.C.C. wanted ones big 

enough to take the rolling stock of existing main line railways but the 

CoKuittee agreed with the promoters that this would increase the cost so 

much as to run the risk that the proposed railways might never be built. 

So there was no possibility of running main line coaches through the tubes 

although the gauge was the same. The lines were to run under the street 

as the; promoters wanted to avoid paying property owners for way leaves. 

This was very unfortunate and was opposed by the L.C.C., who argued 

for the more direct routes. It is a clear case whore private cost; to the 

promoters exceeded social coot. 'They wer© also built some 60 feet below 

the surface, to avoid all difficulties which would be caused by disturbing 

sewers, gas mains, water pipes, etc. The shallow tunnels of the Inner 

Circle had been carle very expensive because of this. • -

But actual construction was slow to start. Work cLid not start 

on the Waterloo & City line until 1894, or on the Central London Railway 

until 1C$5. She delay with other electric schemes was even greater,

!• -g.R. Vol. 43, P? 72 - 4» /
/

2. Report of Joint Select Co'.r;dttec to consider electric and cable
ilways in. the I.'.ctrci/olis. 3.P.P. 1592, Vol. 12 P 1 i'f.
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This in itself was not unusual; nono of the schemes of the 18803, 

except the City & South London -were ever finished, and some never 

started, Tfork only really started when all the various schemes, 

except the TJatcrl^o &. City and the City & S* London, were taken 

over by the Americans. The Central London Hailv/ay came to li£o when 

it entered into a contract with the Electric Traction Co. Ltd. to
s

build and equip its line. They were to be paid £2,5 mil lion in cash

and £700, COO in debentures. This was closely connected with
1 

General Electric, Tor E.Vf. Sice, one of the Vice Presidents of: the L latter*

. closely involved v/ith the construction of the Central London ' 

Railway, its electric equiposnt was manufactured, at Schenectady, and waa 

installed by British Thomson-Houston's American engineers. When it 

opened in 1900 its general manager »'as a Canadian.

The othsr lines were even more completely taken over* 

The story begins with the electrification of the !uetro;politcji
i • ( .

Railway and t ; io Metropolitan District, both suburban railways with 

lines into V'cst London, but cJ.sc joint oper^itors of the Inner Circle. 

Tho latter lins had been built initially to link up most of the main 

line railv:ay termini, but had been added to by the various suburban

1. ' E.s. Vol. 4.5, PP ?C9 - 10, 744 - 6, 751 - 4, S62 - 3.
.Reports on the .Underground, Eailv/oy inquiry before a 

• :; Board of Tr^cle arbitrator.
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line of the Metropolitan and the District* The Inner Circle had 

nev<?r been successful. Its isain traffic then as now was east to 

west and not frori railway station to railway station. R.W. Perks

told the Hoyal Commission in 1S03 that circle trains regularly ren
2

empty while east-»-vest traffic hrd £rc:vn enonnoualy* The Circle v/as

a shallow lino with periodic outlets for srnolce and steam, but it was 

nevertheless extremely unpleasant to travel on, bein^ popularly known 

as the "sewer1* line. Despite the foulness of the line neither the

ton nor the District Companies were very interest sd in
3

electrification, which seemed the obvious answer. In February 1897

1* In 184-6 a Rqyai Cornaiiscion reported against a project for a > 
r^rent central rcilv/cy station in London, a. line bcin^ dr^r/n 
v/hich tho main line tersini were not to pass. At the time 
railway traffic rrns prinarily 500^.0. In 1855 when paaasnger 
trai'f ic appeared, a Select Cosnittce of the Co^uons suggested 
linking the cxintiD^ station by an inricr cirols. In 1^64 a. 
Joint SelectCon^dLttce advised Parliament to sanction an inner 
circle. It was not finally coaplctcc! until Io34 v;hcn it ran 
past Padclington ( Great V/estern), Kinrd Cross ( Croat Northern) 
and St. TV-incr&s ( ; 'id land), Liverpool Street (Gr^at Er.ctcm), 
Cannon Street (South East and Chatham) and Victoria (South 
East a^ft Chatham, and London Brigliton and the Uouth C?ast), 
It had stations very close to Charing Cross (South East and 
Chr.thr.^) and close to liuston (London c^ Ilorth Postern) and 
Penchurch Street (Great Eastern & London, Tilbury & Southend), 
V/nter.loo (Lonr?:>n r.r?.d South Western), Holborn Viaduct (South ii 
& Chathaa) and London Bridge (London, Brighton & South Coast) 
T/Dro not served.
Koyal Co.i:nisaion on London Transport. B.P.P. 19C5« Vol. 30. 
PF 533 ff. .

2. ^_ibid...., Q

The Metropolitan did shor.v seme interest, but not very much. 
The Pistrict shov/ed none.
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tho Z?orrd v£ TraJo appointed. a cocrdttee "to enquire into tho existing 

cyi>tcva of ventilation of tunnels on tho liatropoliten Railway* and 

report 7:hetjer or-y* and ii* so shat, ate^a can co taken to odd to ita 

efficiency in tho Interest of tho public." The Coaaittoe thought, 

horfevor, that tho only aatiai'actoxy ar*ia*cr was oleotrif ioaticsi. It

thought asw ventilation holc» should bo permitted only on condition :
1 

that electric traction &&* ^optcA within 3 jroard 4>f the p*ji^Ui;ivo Act*

iOblc 45.

*,'• T'i-f <^ \ v»-t , »•*• ''•'
;> ±.'l.-*> v i -£.'-> j» - r

T.-^r T ->A — • --i-t »-'•/

1395 •'.'

2397 '/

i
WO. ,
15d

trorolit^ Liatricfr

93 -8 55.0 .
• 101*3 - 5-3.6

•1C1.3 57*4
; 59.0 55.^

22.0 i&.l

I=nor Oircl, L^Icn Co^i Icail^.

l.t :' • ' '• - / •

• w • ' • : : ; v;v-v :
1.5 • --' •--. • -. ^'- : ^v/; ; .;:

. • ' •....•; . ' - '• •- •"

1.5 14.S
in j ,1 9•*.»^ Afj.»<i

•
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Over a year later the Chairman of the District Railway v;aa at pains 

to point out to the shareholders that although they .vere seeing

powers for oloctric running they v/erc not £oin<? to rush into
1 

electrification. In November IBS'3 the two couipanies carried out

experiments, whose results they thought uatiafactory, but nothing 

more was done until the opening of the Central London Railway began 

to cut into their traffic.

By 1901. however, they had "both decided to electrify, but

despite the fact that they had joint IJLnoa and operated over each other's
2

track, they chose different methods of electric traction, tho

Metropolitan wanting to try the new 3 phase traction bein^ developed 

by Garw & Co. end the District the standard d.c. traction used on most 

other electric lines. Eventually the Board of Trade had to arbitrate
/

imd decided in favour of the latter method. The,-* the chan^c-ovsr took 

place, but not until 19^5 v/as there a full electric service.

It v/fi.s not only l^ck of enterprise which delayed electrification. 

The District ras in very bad financial .s^ape. Its last ordir^ary dividend 

was in 1882 when it paid 3/8/'^ and it vrai rnuch in arrears on preferenco 

and guaranteed stock dividends. But in 1901, it CSJ-SQ to an arrangement 

with Charles T. Ysrkcs, a Chicago financier, who to jot her with a group 

of Nc\y York and Boston financiers and bsnlcs formed the Metropolitan 

District Electric Traction Company which was to supply asich of the money 

for electrification. The Zlectric Traction Co. v/^3 to build a generating
I 

/

1. E.R. Vol. 42, P 693. 20 liay 1893.

2« The two lines had a long history of mutual antagonism, 
back to the 187C4.
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kIWtatic-tt v:iiich r:oald coll electricity to t.lio District ar<d v/ouiu ro~cquip 

i*o linos talslrv; psysiont in Glirjrco, B^* 1S?03 £1.119,750 lu*I bscn spent

tho oloctrifis&tion of tho District, 43/> bcii% paid for in t^*
1

debentures zuid tho ro^t in ordinary carl preference stock, But in

1907 the 2c/aio3siat eatii2Uv.c~ the final co&t of th$ eloctriTic-uwion at
2 

.5 a. The i^istrioti's Ci^toaaa, K.H. Perkc, tolcl the Rojol Coariaaoion

•-n Loxkiozi TreiTio that IT the Ca^aiij- l^cJ tried to suli ^100. COO of atock in

tlio iuark-:-t tho ^.irico v.vuiu havo *alloi; "below ^120 (noadnnl Voluo £100} 9
, -' - 5

'ancl eveu thon t».io^- coulc not have swlfi it allp '

' • tropoli'S^a w;»& in 21 oottor positiyn.. for it jmid for tho ;,'/' • 

of its lii'as and ti^o built R ^ctioratin^ otatior» of ita ; .
,' l '

own ?.« it e5ti£5t£fi. it ;vwultl su^oly current At 5^"/- ^>* the price offered

by tho Electric Tr&ction Co# It sceuu t.hat the Uetrc^litsn wua taking ;,

the iaitiativa t» -cac isxtcrA in electrification before the

Cj-nilie^l-;; cEtio oc. t:« t!iO sotnc for it ^ao stated at tho half }-o*.'.'--'
acotifj^ in /a•^iiJi 1^01 that tiio Hi^ttlct licel o^roed to electrify on

*• . •• 
lha GCUM pyctciii, but that ^oii:c^ had porcuc«3ecl it other^i^o. . ••

- By 1£C2 yer^cii ^l^a h-\d control of the half ^tr.rtcd Daker 

Strcst Siid V/iitcrloo Kr.ilvvr^-, tho Ilai^stond end Chnrin^, d\x»s railaoy, 

tho 3i\>iiiplc/n anu. Piccrjlili^j, cuio, thi Groat Kortlicrn and Stvand* T 

two hc:(l Purlia^utivi7 pocvsrsx dating frcxa 1^27 and

fll ^o-'r'..l^:jion on . Lor/jr-r. Trnrigpo »rt , Evidence of H«W» Porks'

^ccnv^l.vfc f Vol. 65, ^ 2:27 - 6, 2; Novss&cr 1 

Royal Coimnission on London Transport. Q 19,839

K •:*•. Vol. 49, I7? 23C; - 40. 9 Aunaat 1901.
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got powers to iner^e than into the Great Northern, Piccadilly and 

Br :mpton Railway. Then in April 1902 he, tocether v/ith Speyer & Co. 

of New York and the old Colony Trust Company of Boston, formed the 

Underground Electric Railways of London Ltd, £16 million was t.o be 

spent in constructing (or ccnjpletlag) the- lines which wore to. fora one
*

unified system.

The Baker Street &nd Waterloo and Piccadilly lines opened
»

in 1906 and the Charing Cross and Harapstead in 19^7 • Tliere wore
2 

interchange stations where they crossed with each other and where they

linked with tho District. The Ycrkes tubes were equipped and run oil 

standard American lines* Tostin^ho'jse built the generating sets for
3

th<*! Road paver station, General Electric supplied the tr.Min equipments*

The fare system was American, tho Central London started with a 

standard 2d. fare and Yerkes planned to introduce a uniform fare on each 

of the lines controlled by him* V^ieri in. 1907 the Underground Ccopany
4

wanted a general nana^er for the tubes it controlled it chose A.H. Stanley,
5

the manager of the Public Service Corporixtiyr. of the State of Hew Jersey.

By 1910 the Underground Railways Conipany accounted for 53/» of

!• The present Piccadilly lino.

Vol. &, P. 2Qtf. 15 December 1906.

V/estinghouse and General illeotric set up factories in England in 
.19CO and 1901 to exploit the traction boom- So jauch oi' the 
equix^ent was manufactured in England, but of course to American 
designs. ;

.4. Later Lord /^hfield> first Chniniaai of the Lordon Passenger Transport 
Board*

5» Report of the Underground Electric Railv/ays of London Ltd,, 
E.R. Vol. 61, EP 1C24 - 5- 20 December
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Table 46.

London Under/rround Railways, Gross Investment* 

(including Metropolitan and District Railways}

£000 

Up to June 1896 1724.2

Year to June
1897 •":" 847*9

93 769.5

99 • 1091.9
1900 : 2193.5

\ •

01 •'"' 1128.0

02 ; 2253.1

03 3872.5

,04 7216.8

05 ; 6075.1

06 4719.9

07 ; 2925-6

08 468.3

09 461.0

1910 229.1

11 1158.2

12 • 305.0 j
/

13 2t£6.6

2072.8

Source; Garke's IJonual.
Returns of tho Railway Companies (B.P.P. various years)
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Table 47.
« 

Tha Growth of the Under.f^roimd * pasacnrcra p.a. millions

Inner City & Waterloo Central Groat Baker Street Total 
Circle S.London & City London Northern & Waterloo

and City Gt. Northern 
& Piccadilly 
Charing Cross 
& Hampatead 

Year of
open- 3JB84 1891 1893 19CO 1904 1906 & 7 
ing

Year 
1892

1894

1896

0898

1900

1902

19C4

1906

19C8

1910

1912

1.5
1.5

1.4

1.4

1.5

1.5

1.3
0.9
0.6

0.6

0.5

6.2

7*0
6.9
7.3
9.7

19.8

l?.l
19.4
22.7

25.1

24.5

•

1.4

4.1

5.1

5.4
5.3
4.9
4.9

4.9

i •

14.9

45.3

44.9
43.1

41.9

40.7

36.1

7.7
8.4

8.3
10.2

30.1

71.6

8.3 79.0

15.9 10.6 95.2

12.3 85.8 168.1

11.7 96.7 179.7

12.8 100.9 179.7

* The District and Metropolitan linco, except for the Inner 
Circle* are not regarded as underground railways.

(. 
. - .

Source:' Electrical Trades Directory*
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underground paosengero and V?/j of the passengers on the tubes plus 

the Metropolitan and ttiatrlct, which wero ctrlotly not underground 

railsraya except for tiir? inner circle* but which directly fed the

underground network In 1912 the Underground Hallway Company
1 

ocquircd the Contra! London and tho City and South London Bailwaya*

There were already interchange stations with tho fonaor at Gxford 

Ciroua and Tottenham Court Road. Tho latter hod extended aa far 

aa £u3ton by 190? where it iset the Charing Cross and ilampatoad line* 

It shared the Old Street station connecting with the Great northern 

and City and at the Elephant and Castle it was connected by eutaray 

with the Baker Street &£d Waterloo line* The Underground Company 

intended to widon the tunnelo and change the rolling otock* so thr>t

the line could be integrated into the rest of the system, but the war
2 

intervened and the lino was not reconstructed until the twenties*

The short Great Eos-thorn & City waa dcoi^nod to link tho 

Great Northern Railway to tho City* It woe perhaps the le^st 

Auccesaful of the tubed, partly because it went no further than Brood 

Street* In 1912 it was acquired by.the Metropolitan who hf^d the 

backing or the Groat ffeateni turd the Great Central and plans laid to 

extend it to the Ban!:, whore it t/ould Join the Central London, tho 

Waterloo & City-

Thus except for the City & 3» London, the Waterloo & City 

and the Great Ko-; thorn & City, all the tubes were an extension into 

London of American electric railway innovations, nuch more completely

1. E.R. Vol. Tit PP 898-9- 6 Pccerubcr 1912*

2. T.3. Lascelloa, on._cit, t. pp 26 and 28.
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so than in tho case of the trains. In vie?/ of the great criticism at 

the time of English backwardness in electric railways it is interesting 

to note that they did not cover their costs* The cost of construction

seems to have been rather high*• ''.•••,<.'

Table 45. , 

Capital Expenditure p^r mile open.
'C ' * '

1903 1908
£ £

City & S. London 377*200 432,000

Central London 631,600 585,000
i • .

Baker Street & Waterloo ' ' 665,000

Charing Cross & Hampstead ** 703,000 

Great Northern & Piccadilly * 720,000

> .'
i

1. Not open in 1903.

The csst of the Yerke's lines may have been slightly inflated 
to yield a good return to the promoters.

Sources: 19C3 - Evidence to Royal Coisnicsion on London Transport 
19C8 * Electrical Trades Directory.

Table 48 shows that the American equipped lines cost considerably more 

than the City & S. London. They were zouch better equipped in their 

capacity per mile was much higher, but it was many years before the 

traffic was largo enough to justify this. The initial cost of the 

power stations was on the high side. The Central London one cost
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Table 49-

London Electric Railwaya. Density of Traffic. 

000 ccr miles per route mile

1906 1910 1912

City & S. London 42? 444 415 

Y/aterloo & City 161 166 133

Central London / 710 596 498
* 

District 226 230 324

Gt. Northern & City 306 262 252

Baker St. & Waterloo

Charing Cross & Haapstead 399 426

Piccadilly

* The Metropolitan is omitted as it was worked by steaia on its 
outer lines.

Source: Board of Trade Returns relating to Electric Railways in 
tho U.K.

1
£34 per KW which was good for the late nineties but the Lota road

2 
station cost not ouch under £23 per K?,y although it was not completed

until 1903. It was the largest pov/er station in England at the time, 

with 5500 KV/ turbo generators but its cost compares very unfavourably 

with Carvillo which opened the following year. The electrification

1« Hourve of Lords Coina.ittee on Administrative County of London
& District Electric Pcv;cr Bill 19C5. Svidcnco of G.C, Cunninghaa 
Q. 2563

£• Accounts of Underground Slectric Railways of London Ltd*
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of the District socms to have been expensive, without leading to low 

working costs. On tho contrary the District 1 a working costs in 19C6 

were very high, being 53# higher per train mile in 1906 than under the 

old etenm regime. The coaches were heavier and more comfortable but 

revenue had shown no signs of expanding enough to compensate for 

higher costs*

Traffic did not grow as Yorkea had expected, and tho fares 

were too low for the degree of capital intensity chosen. In tho 

United States the rate of growth of demand for transport was much

higher, and by 1903 the New York subway, opened at the beginning of
1 

the century, reached the limit of its carrying capacity while in

London travelling facilities seemed ,to have outgrown travelling habits*

By 1907 the Economist noted that there was "an accumulation of evidence
2 

that the 'tubes* are not financially successful." They v;ere highly

efficient at noving people but as Table 50 shows never earned anything 

like an adequate return. This was only partly because of over expansion*

Tho original -orediction of the Central London Railway, given in its
3

prospectus of 1895* was for 45 - 52 million passengers per year. They

soon got all but 6;<j of this. The return on this traffic was no more 

than enough to pay a 4/S dividend, and peak hour capacity had been

1. B.R. Vol. 62, P 1014. 19 June 19C3.

2. Economist, Vol. 64, P 190?. 9 November 190?

V1 S.R. Vol. 36, PP 803 - 5.
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Table 50

Profitability, of the Underground. 

Gross profits as a percentare of capital expenditure.

Year 

1895-6

96-7

97-8

1907 ;
:<*
09

1911

; 12

15

i

Source:

City
and S. 
London

2.2

2 '5

2.1

3.1

3.0 

3.1

3.1

2.7

2.3

Central Great Baker St. Charing Piccadilly 
London Northern and Cross and 

and City Waterloo Suston

3.4

4.7

3-2

3-3

, 3-4

3.6

2.1

1.7 

1.6

1.8

2.0

'

1.6 1.2

2.6 1.2 2.1 

3.0 1.6 2.5

' 2.8 ' : :-. . " ... :

2.8

2.6

Tho Central London Railway was more profitable between 
1900 and 19C6. But it never paid a dividend of moro than 1$

Garkcs Manual. Reports of the London Traffic Branch of the
Board oi% Trade, B.P.P.
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?.'•"
reached. Bus competition prevented higher fares. The later 

ca-npetition of other lines reduced the Central London's traffic '•• 

and reduced profits to a low figure. By April 1908 the Underground

Company was in financial difficulties. £? ia. had been borrowed on
1

short term profit sharing notes, which had to be renewed.

It is impossible to discuss the demand for tube transport 

in London, and the competition of surface transport without considering 

the layout of the system. There can be little doubt that it was poor 

and that a better one would have been more profitable. The lines 

followed the streets. The new tubes connected very badly with the 

existing District and Metropolitan lines, particularly around the •
* "

northern part of the Inner Circle. Lines were run parallel quite

close to each other. The public utility control of the time prevented
2 

an overall private scheme and the local government of London among

other matters made an overall municipal scheme impossible. Parallel 

routes are what one expects frooi competitive railways. Happily one 

piece of proposed competition which would have made the layout even . . 

more unprofitable without being of use to the Metropolis fell through* 

In 1902 J.P. i-Iorgan sought Parliamentary powers to construct a tube 

railway fron Piccadilly to the City and then to N.E. London. This 

was to be fed froa the west by the London United Trams who were to build

!• Zconoiniat, Vol. 66, P 828. 18 April 1906. 

2« Sec Chapter 9-
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a line to Piccadilly. These trams had hitherto fed the Central London 

at Shepherds Bush and, alarmed at the possible diversion of the trnma, 

the latter promoted a Bill to extend its lines to Hammersmith end then 

to return via Piccadilly and Charing Cross to the City, making a circle 

route. Parliament rejected this scheme, but it is not likely that it 

would have rejected the scheme of Morgan and the L.U.T. This was now 

only opposed by the Yerkes-District group on the grounds that ? 'organ1 a 

scheme would parallel their lines, running between the existing District 

and the proposed Great Northern, Piccadilly and Brompton, and Parliament 

felt that the District railv/ay was not entitled to special consideration 

as they had not been so mindful of the public interest in the past as to 

deserve it. However, a dispute arose between Morgan and the L.U.T. as 

to the representation of their various interests on the management : : 

and Speyer Bros., who were helping to finance Yerkes schema stepped in 

and got control of L.U.T. by purchasing ordinary shares, thus foiling
1 • . . . ';

the *^oran scheme.

" The relationship of surface transport with the tubes was 

unfortunate. Ideally underground and surface transport arc complementary* 

The question whether one should have subsidised the other cr not, is not ";

to the political situation of the time. But good planning of 

routes and stops so that it was simple to transfer from underground . 

to surface transport and vice versa would have raised the demand for 

transport by reducing the time taken travelling •» \rhich is one of the* 

major cost items. Elimination of some competition would have reduced
f " ' ' •

1, Economist, Vol. 60, P? 1833 - 9- 25 October 1?C2.
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the costs of tho provision of given transport facilities, as competition 

between a few transport undertolcinga tendo to produce parallel routes 

with inadequate facilities for transferring from one to the other*

A good example of the benefits of good linkage wns shown 

by the great advantage the Central London Railway derived from sharing 

a terminus with the London United Tramway, at Shepherds Bush, The two 

together provided an excellent means of transport from Acton, Baling 

and even farther out to the City, Although London's tramways were 

being electrified and extended at the time the tubes were being built 

good connections between the two were rare. Before electrification the 

trams were scattered in separate units some distance out of tho Central 

area. From 1896 the L.C.C. began to take them over, and from 1900 it 

began to electrify them and combined the separate networks into two 

big systems, one north of the Central area and south of the river. The 

borough east of the County boundary also had their electric trams* Exo** 

.p.tcfoi isolated cases there was little competition with the tubes. An 

exception was the Great Northern & City tube, which suffered greatly from 

the L.C.C. trams. Cut it v/as a badly sited tube* Generally tubes and 

trams occupied contiguous or nearlyccntigious areas, and thus the lack of 

good connections between the two is rather surprising.

But tfte relations between the tubes and the L.C*C. were poor, 

and by 1906 both were very short of money. The L.C.C. was unable to 

complete its plans. 2his was partly because it was committed to the 

high cost conduit system, but also bccauco borrowing was becoming more 

difficult. In 1906 Lord TCillby, the Chairman of the Finance Committee,
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told the Council that tho "policy involved a heavy demand on the money 

market in the next two to three years. We are already payin^ a hi^h 

price for our trains and we shall have to pay a higher price in proportion

as our trams are larger ... I hope the Council will not entertain new
1 

schemes until this one is finished," A year later the Municipal

Reformers won the L.C.C. election on a policy of opposition to L»C.C* 

public utility schemes.

Central London was served by buses on the surface* The tubes 

suffered by the appearance, Just as they were complete, of tho motor bua»

In 19Q5 there were 1'evof them, by 1907 there were large numbers operating
2 

in central London. Tho Central London Railway lost a considerable

number of passengers to them, its traffic falling by U^u between. 19<X> 

and 1907* The decline was particularly marked in short distance traffic 

and forced the tube to abandon its standard 2d. fare*

The advent of the electric train and particularly the motor bus

led to price cutting, and in 19C8 the London Traffic Branch of the Board
3

of Trade reported that almost all operators were making losses* The
i

motor bus operators were doing as badly as anyone; by the second half of 

1906 the working costs of the London General Omnibus Co., the largest 

operator had risen above receipts.

Thus part of the unprofitable operations of the tubes was due 

to transitory factors, particularly tho timing of the introduction of

1. E.R. Vol. 58, P 757- 11 Kay 1906.

2. LpRdpn. General 3B36 •" 195 5« published by London Transport 1956*
re j55 - 40.

3. B.P.P. 19C8. Vol. 93.
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the motor bus. But part of the unprofitabillty was due to the 

competition of different forms of transport in their choice of routes. 

Better routes and corrections between different fonns of transport would *" 

have stimulated the demand for travel, a demand which was probably inelastic, 

at lea^it over the ran^e of fares between profitable and unprcfi table 

operation. This competition between buses and tubes was brought to an 

end in 1912 -.vhen the Underground Railways Co. acquired the London General 

Omnibus Co* The latter had amalgamated with ths other big bus operator, 

the London Road Car Company, in 1903* By 1914 buses and tubes were 

Virtually all controlled by one company.

Both tho L.C.C. and the Hoyal Cowidssion of 1905 wanted shallow 

subway electric lines, as had been constructed in New York. The easier 

access to the surface could have substantially reduced travelling time,
• ,

especially on shorter journeys. The relative cost of subways and tubes 

was examined by the Hoyal CoMadssion. The Inner Circle had cost from 

between £665,000 and £1,283,000 per mile. '.It' used? bigger tunnels, 

some bein^ built for the broad gauge Great V/estern trains, and the Royal 

's Advisory Board of Engineers estimated that subways would •

cost £229,892 to £333,106 per mile. But a large proportion of the cost
1 

was the payment cf compensation to owners of property disturbed. How

costs v/ero divided between street improvements and subway construction, 

and how much between private and social costs, cannot be known* Also one 

of the difficulties of the subways v/as that the cost of damage to pipes, 

eewers, etc,, waa unpredictable, as their exact location was often unknown.

* f

1. Royal Co:.cission on London Transport. B.P.P. 1906, Vol. 40 PP1 ff . 
! Qo 19574 - 19585. Evidence of R.W. Perks.
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The Royal Commission was also impressed by the fast and slow
1 

four lane trades of tho New York subway.. Tho averse speed on tho

lines was 30 cup.h., double that on 'the local, and they were 

correct in seeing that the prime economic point of the underground 

railway was that it should provide rapid transport. The average speed 

of the Central London and the City & South London was 15 cup.h. It is 

thus arguable that the underground, line might have been very ranch more 

successful than they wore, and that the choice of routes and the type 

of line used are important explanations of low profitability.

Table 51. 

London Transport. Passon/xura p»&. millions.

Year Buses Tram Tube Metropolitan Other Suburban traffic 
(2 main Railways and District Local on main line 
companies) (including Railways .Railways Railways.

inner circle) .
1890 249 191 - 167

312 10 158 26

^°3 290 394 74 153 63 ISO

1507 364 586 125 151 88 344

437 822 184 136 67 345

Season ticket holders are excluded. 2us passcn^cr^ are those of the two 
main companies only. Thus suburban railway and bus passengers are 
seriously underestimated -» bus passengers perhaps by a quarter and suburban 
railway passengers by one fifth to one third. Only a email proportion 
of the passengers on local railways aeem to have boon season ticket holders.

For construction of the figures see Appendix i? -5PP-

Sourco: Reports of London Traffic Branch of the Board of Trade,
Electrical Trades Directory, Royal Co.Tjniasion on London Transport,

1, The disadvantage of thia system is that it makes tho subway hideously 
noisy. Americans were more willing to pay for rapid transport than 
the English, and in more ways than in higher fares.
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In the provinces the Liverpool Overhead Railways corresponds in 

some ways with the City & South London. As early as 1352 an overhead 

railway was proposed to run 4 miles along the docks, but was rejected 

by the Dock Board despite the strong support of Liverpool merchants* 

But by 1880 the tramway running along the docks at ground level was 

overcrowded and other facilities had to be provided for passengers* 

A tunnel v/as rejected as too expensive and A.Gr, lister, the Dock Board's 

engineer, was sent to New York to report on the overhead railways* His 

report led to the Dock Board asking for po\vers for a single overhead line, 

but the Board of Trade insistsd it should be a double line* In 1885 

the Dock Board proposed a scheme for a double line to be worked by steam 

at an estimated initial cost of £585* $00. By then, however, Lyator 

was considering electric traction, hoving been in touch with Sir William
• /

Siemens before the latter*s death* In 138? the undertaking was leased 

to an 'independent company which was incorporated in 1888 and which in the 

foliovying year had no difficulty in raising all the capital it required 

in Liverpool. They decided on electric traction, which was estimated to 

coat £466,000, a saving of 20;S on the steam cost. An electric service . 

with light frequent trains meant the structure could be cheaper. With 

an electric locomotive car it was not necessary to have a heavy locomotive
\

engino to /provide, tractive grip* The Manhattan Slevated Railway ran 

trains of 104 tons.i'ully lade, against }Q tona en the Liverpool overhead*

tho former took twice as many passengers but tho weight per passenger1 -' • 
was higher, 43 tons against only 34 tons on tho latter. Thus horse power

1» The above is based on a paper by J.II. Grcathead and E. Pox read to 
the Institute of Civil Engineers. (Elect. 24031* August 18%) and an 
account in the Slectrical Review (Vol. 33, PP 151 * 9, 10 February 1893)
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per passenger could be less uith the electric system, which could be 

offset against tae higher capital coat 01 electrical equipments per 

horse power. Also running cost a aero le&*s» In 1893 running costs 

were only 3»7d. per train mile (including drivers* v/ages, but not other

traffic and aianagenient coats }. This was no more than the powor costo of
1 

horse trams aarrying no more than a quarter of the passengers. But

electricity could provide a faster service than steam, and thus receipts 

could be expected to be higher. Tho contract for the whole equipping of 

the line, boilers, engines, dynwac/s, rolling stock, motors and signals, 

was awarded to tho iiileotric Construction Company. They installed 

everything and operated the service at first, handing over when it was 

shown to be running satisfactorily.

The railway was successful; the old horse lines along the dock,
/

which continued to run. underneath the overhead, had carried 2.5 million 

passengers per year. By 1898 the overhead railway was carrying 9 million* 

The initial equipouont was somewhat experimental and in 1902 new motor

and control equipment was substituted for it. This was built by Dick,
2 

KexT & Co. and designed by S.II. .cJhort, the American rr.anp.gor of their

Preston works, incorporating the best American practice. Acceleration 

was improved. The average speed was increased from 12.5 *o 19*5 m»p»h« 

while power consumption rose only 25/<i» making it the fastest stopping 

Urban railway in tho world.

!•' T. Parker. Electricnl eouir^ignt of the Liverpool overhead Railway. 
Elect. 2 L'arch 16^4. Parker was the engineer responsible, but 
even if wo make a generous addition to his figures costs were 
still very low.

2» Short came to England in 1898 after very successful work on railway 
motors in the U.S.
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There were two oth~r urban underground railways ihis country, 

the Mersey Railway (Liverpool, to Birkenhoad) and the Glasgow subway. They 

contrast interestingly* Tho Glagow subway was first proposed in 1687* 

traction to bo by cable. Powers were obtained in 1890 and a consulting 

engineer appointed in 1893» He invited cable and electrical

manufacturing firms to propose ways of working. In 1893, the year after
1 

the subwa^r had opened as a cable line, the Contract Journal cosmcnted:

"This (proposing ways of working) the electrical contractor:? seemed 
very loth to do, while on the other hand, the cable people cazao forward 
with all particulars and figures, and entered most fully into the matter. 
This enabled the engineer to lay before the directors a very complete 
scheme for cable traction, whereas practically all he cculd say with 
regard to electric traction was that certain firms offered to carry out 
the contract in a satisfactory manner if placed with them* Kad the 
electrical manufacturers come f orward in a similar manner, we have a 
strong feelinrr that their information and experience combined with 
Mr. Morton's ft he consulting engineer) sound mechanical ideas, and also 
with the large amount of experience he gained in America on trnction 
plants of all kinds would have enabled him to draw up a specification for 
electric traction that would have convinced, not only himolef, but also 
the directors. 11

The Mersey railway was a steam line running from Liverpool under 

the river to Birkenhead. In 1895 the directors became interested in 

electricity and sought powers for electric working. Nothing more was done 

until the electrification of the Birkenhead trains in 1901 started to 

reduce the Mersey railway's receipts. Then in 1901 a contract was 

signed with British Vfestinghouso to re-equip the railv/ay for electric

working. The contract was worth £635*303» but only £15,000 was to be
2 

paid in cash, the rest being in l$b perpetual debentures • V/oatinghouse

agreed to provide up to £240, COQ in cash should the Mersey Railway Co*

1. Vol. 38, P 156 ff. 26 January 1893. This was not a Journal
conijdtted to belief in the natural superiority of electrical methods*

2. E.R. Vol. 49, P 549- 4 October 1901.
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require it to pay off its debentures so that electrification should not
1 

bo delayed. If debentures were not paid off Westinghouse was to

guarantee interest on them (a possible liability of £17,000). Moat of
• ' "•":

this money cane from the Westingjiouse parent comoany at Pittsburg.
2 

Electric working started in 1903• The electrification was

a successful piece of engineering* It provided a much better service 

and more than won back the passengers lost to the trams. In 1900 the
• •> '•.,•.

railway carried 8.4 million passengers and by 1902 only 6*9 million, but
3

by 1907 it was carrying 11.2 million. Thereafter the figure rose only

slightly. But it does not seem to have been a profitable venture. Before 

electrification working .expenses exceeded receipts. By 1904 the company

was making a surplus above working costs and this grew. Yet even by
4

1907 this was only 6.2/S of the book value of the cost of electrification.

Traffic never seems to have become dense enough.

Ill

It was also reasonable to expect electric traction to be usedi
on the suburban routes of main line railways. There was a good deal of 

interest shown by the railway companies right at the beginning of the 

century, but the rate of electrification up to 1914 was very slow*
*

V E 'R - Vol* 60, P 717- 3 May 1907.

2. E.R. Vol. 52, P 875• 22 May 1903-

3* Excluding season ticket holders.

£371,571 at June 1906. It was not given before this. This is only 
of the sum paid to Wcstinghouae.
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In 19^2 the North Eastern Railv/ay decided to adopt electric traction
1

on 40 route miles of their lines between Newcastle and the Coast on
2 

the north bank of the Tyno. In the same year the Lancashire and

Yorkshire railway announced its intention to electrify 23 route miles
3

of track between Liverpool and Southport. Detailed plans had been

under consideration for the previous 12 months and a large number of 

tests had been made. The London Brighton and South Coast Railway 

applied for powers for electrical working, the managing committee of the

South Bast and Chatham gave notice of their intention to do so, and the
4

Great Eastern, was considering the subject in "all its bearings". The

London & South V/estern told a Parliamentary Conniittee on a Bill which 

sought authority to construct various trams/ays in Surrey and Middlesex

that it intended at some future date to convert part of its suburban
5

lines to electric working.

In March 19C4 tho North Eastern and Lancashire and Yorkshire 

electric lines were opened. They used multiple unit trains, with d.c. 

motors collecting current from a 3rd rail at 600 volts, the standard 

method being adopted fczr the London underground at the time, developed 

'principally in the United 'States. The Brighton railway continued in its 

desire to electrify but was anxious to avoid the live 3rd rail, which it 

thought dangerous, especially on the complicated tracks over which it

!• 82 miles of single track.

2. Economist. Vol. 60, P? 1211 - 12. 2 August 1902.

3. E.g. Vol. 51, P 7C9. 24 October 1902.

4. Economist. Vol. 60, P 1802. 22 November 1902.

5. E.R, Vol. 51, P 741. 31 October 1902.
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operated in conjunction with other companies* Also they did not want 

to interrupt traffic during electrification. Commutation above 600 v« 

with traction motors was very difficult at the timo and overhead lines 

were impractical at this voltage as the cross section of the conductor 

would have had to be very large. The uao of a.c. would have solved the 

transmission problem but the difficulty was that a.c. motors have poor 

torque at low speeds, thus being particularly unsuited for traction. The 

3 phase motor was bettor in this respect than the single phase one. It 

was developed for traction by the Ganz Company of Budapest and used in 

several installations in Switzerland and Italy. It was almost used by 

the Metropolitan Railway in London, but otherwise found little favour in 

this country. A difficulty was that it required 2 overhead conductors* 

There was also considerable activity in developing a single phase motor
).

for traction. In 1902 Westinghouse at Pittsburg, followed in 1903 by

Or. Pinzi of .Milan and the Union Electric Company of Berlin announced that
1 

they had satisfactory single phase traction motors* Encouraged by thia

the Brighton Company asked P. Day/son to investigate the possible elec­

trification of its lines and he reported that the single phase overhead
2 

system was satisfactory. The work wao put out for tender in 1905 and

awarded to A. E.G., who had taken over the Union Co. But it was not until 

19C9 that the firat line on this system, 8-J- miles long from Victoria 

to London Bridge, was opened for traffic. It was quite satisfactory 

and in 1910 the directors decided to extend its electric lines almost

!• _£*£. Vol. 56,PP 115- - 7. 20 January 1905. 

2. ibid. - , .
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1
to Croydon. When this was done they had 70 miles of single track

working and in 1913 announced that thoy were to convert another 150 to

eleotrio working, thus extending it beyond Croydon to Button and Coulsdon,
2 

and adding another electrified line from London Bridge to Croydon.

In London the other companies proceeded even more slowly* Th« 

London & South "Western did not start on ony concrete plans for elec­ 

trification until 1912 > when it decided to convert a circular route from 

Waterloo, ruraning through Wiabledon, Kingston, Twickenham and Richmond.

This involved 73 miles of single track, and was to "be followed by another
3

173 miles so that electric working should extend as far as Guildf ord.

Work began in 1913 and the first part was opened in 1915* The system
4 

used was 600 v. d.c. with third rail transmission. Meanwhile the Great

Eastern, which handled more suburban traffic than any other ciain line 

railway, decided to drop electric traction for the moment. In August 

1904 the Chairman told the shareholders that

"In regard to electric traction they had thought it advisable not 
to undertake new scher.es for tha present. They were watching the 
development of that position of the Lancashire and Yorkshire between 
Liverpool and Southport and he, together with the general manager and 
five other principal officers of the company, had recently visited France 
to see whether there was anything to be learnt in regard to the working 
of the French railways. They had come back thoroughly satisfied that 
there was nothing in what they had seen ... that would prove of use to 
the Great Eastern Railway."^ •

1. E.R. Vol. 68, P 763. 12 Ifcy 1911.

2» E *R * Vo1' 72, PP 176— 7. 31 January 1913-

3. E.R. Vol. 71, PP 9U - 2. 13 December 1912,

4. C.E.R. Sherrington. Economics of Rnil Transport in Great Britain 
London 1928. Vol. 2, Chap. 11. PP 231 ff.

5. Quoted in the E.R. Vol. 55, P 218. 5 August 1904.
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In 1906 the London & Worth Western throught it was time to 

develop suburban traffic. It thought of electrifying t ie line from 

Euston to Watford, but not until December 1912 had they a definite

proposal* 79 miles of single track were to be electrified from Waiford
1 

to Euston. 6CQ v. 3rd rail d.c. was to be used.
i
Interestingly the two pioneers were slow to extend electric 

working. The only further scheme on the North Eastern was the

electrification of a short iaineral line in County Durham, from Newport
2 

to Shildon, which v/as opened in 1915* The Lancashire and Yorkshire

waited for several years "before extending ita electric lines out of 

Liverpool to Ormskirk, and not until 1912 did they decide to electrify 

the line from Manchester to Bury. On the new line d.c. working wa» 

used, with a third rail this time at 1200 v. It wes also at thia 

time that the Midland Railway, noted for its efficiency and good management, 

entered seriously into the question of main line electrification. In 

1906 it had constructed a light railv/ay 11, miles long from Burton to

Ashby, but tnis was an inter-urban tramway and not a main line railway,.
3

Standard tramway equipment was used. This was a pilot scheme and both

Weatinghouse and Siemens equipment was used. It was not a line with 

dense traffic, but the company was thinking of electric traction on 

much used inter-turban lines, rather than on suburban lines. For longer 

distances and with less frequent sei^ice a.c. was at a comparative

1. E.R. Vol. 71, PP 9W- - 2. 13 December 1912.
«

2. Lanediately after the 1914-18 War the Company had virtually decided 
to electrify the main line from Newcastle to York* Amalgamation 
stopped this.

E.R. Vol. 59. PP 301-2. 2L Aiimiat
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advantage. The pilot scheme apparently worked well, for the company's " , ; 

engineer, J. Eftlziel, told a joint meeting of the British and American 

Societies of Mechanical Engineers on railway electrification, that main 

line electrification seemed imminent, being the cheapest way to extend1 • • • / -.-, ;
capacity on butsy lines* , - . i v

v • •' ' • • - .'•/•.' i • •'-.:'

, Thus main line electrification began to bo quantitatively 

important in 1910 - 34, and looked at from* the engineering viewpoint 

this saems late. It was also late compared v/ith the United States.
1 \

To try and explain this one must look at the attitude of the main line 

, railways towerds suburban traffic, and how much they might have gained 

by electrification. Unfortunately the evidence is sparse, bu.t there seen*
i *

enough for a general outline. .. . , ; 

. ; Suburban traffic hod been growing since the 1860s, and Although 

there are no statistics, it seems to have been growing rapidly in the 

nineties. The railways do not seem to have actively encouraged it, aa 

it is doubtful if it was profitable* There is no very good evidence on

the latter point. Tho Great Euston, which hsd more suburban traffic than
2 

any other main line railway, argued that workmen's fares were unrenunorative.

But this may have been because they wished to resist Parliament^ tendency 

to impose lor/ workmen's fares. This Parliament had done from the IB60a on

!• -E.R T Vol. 67, PP 234 - 9. 5 August 191C.
\

2. Hoyal Commission on London Traffic. r B,P.P, 1906. Vol. 40 PP Iff.
Kvidence of J.F.S. Goodoy, General Mancger of tho Great Eastern 

•'•-; Railway. Qs. 1S517 *
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in return Tor peraia^ioa to ;t>nelrata further into the Metropolis. When 

tlio Gfc. Eastern &&& extended ila liae from ^ht^roditoh to Liverpool Street 

in i£&* U»o Ao* had ccjitdiasrv & olousa irspooing n Id. tforfcsnrtna on tha

7*8 mile 3ouiT.ey3 frca Zctont.on nnd tfalttaoatotr, on traina leaving
1 

before 7 &•«»• &i*i returning after 6 p.m. At first workmen's fnrea

wens i&aucu oaly to naranii workerQ^ but eoon osuro to be £iven to oil

certain hoiu^»

for othsr euburban pacaengerd wero hlrJicr, nnd nay havo 

auburb&n services as fc whola proritabl«, but perhaps only Juat so. 

The diTi'icultj with iiicrcaaint auLburb.an traffic? waa that becaaoe of the 

noming taid evsrJLng pccku it rogjulrafl additiona to capacity which wore 

only utiliaoj at those tl^&i* ?hid capacity hod to be created by 

doubling t&'Adkft, esta.dia,'; a tot ion? edclins to rolling stook and building 

noro powerful en&Lne*. Gonoidorina the degree of capital intensity 

involved f area do scan to have bosn lc^« Raising faroa woa largely

ruled out* It uas difi'icult to raise any feroii at the tie** despite the
2 

general ail rounJ iniprov&acnt ;dn the eoi*vice ^iven by tiie railways.

A hi^h peak ho»ii" faro Kould have been rocnrded i?y Parliaoont as* iraproper 

diooricdnation, and inconsistent uith ^ho poHoy of relieving cpoudipg 

in the towns by iiiv«xixn£, law workrion*s forss.
•

Also at this time tlw railrvt^yo WG;« invootin^ hoovily in

what 300133 to have bocn tlioir prior concern, main lino traffic*

1. G.A. Sekon, op.r.it^ P? 16 - 17*•••••^••••w"" ( /i . . •
2. J.H. Claptoi, j^con.7mio Itistor.y of Modern Britain* Vol. 3, Cambridge 1951 

P 350.
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Many tracks were doubled, the signalling system was improved, coaches 

were increased in weight as standards of comfort rose, dining and

sleeping car facilities were increased, and stations were extended to
1 

deal with denser traffic* These improvements for both main line
i .

and suburban traffic caused the railways paid up capital to increase 

much more rapidly in the 1890s than in any neighbouring decade, and the

paid up capital per route mile to rise steeply, particularly between
2 

1894 and 190^.

The attitude of railways generally in the nineties seems to 

have been a passive one in the face of a rising demand for suburban 

transport; increased facilities seem to have been provided for a 

growing number of passengers, but there was no attempt actively to 

stimulate demand* In so far as suburban traffic was not very profitable and

A considerable user of capital when demands on the latter were heavy for
/'• = • ', . . ••'"•, ' 

other purposes, this is understandable*

The Railways regarded electrification primarily as a means of 

extending capacity more cheaply than oould be done with steam working* 

In this they were correct; the advantage of electrification was not 

simply that it might have been a cheaper way to run existing services, 

but that it could transfoiia the type of service offered in order to meat 

passenger demard better. The running costs of electric trains v/ere less 

than those of steam trains, the latter being very extravagant with fuel

1. J.H. Clapham, op*cit*. Vol. 3 PP ^9 - 50.

2. W. Ashworth, Economic History of Hn/yland 1870 "» 1939* London* I960
., FP 121 - 2*



229

becauoe of ths length of time tho on^tic wts using 000! when otatlonary, 

eithor in statical or warning up or when idowing down. P. Dawoon

estimated that suburban engines were only drawing A load 3?/^ of tho time
1 

that thoir boilers were alirlrt* Cut conoidorable inveatosnt in

electrifying tho track* notf rolling stock and powor stntiona irsre necessary, 

and it is vorjr unlikely that tho returns In ftiol saving would havo boon 

eufficicnt to Justify it* The ^aat economic BdvantA^e of electric 

tractica was that suborbfin traffic cculd be greatly ir.croaded» and th« 

quality or &cr^'ioo such improved , at «x gr^at saving in both running «n& 

capital costa. In tho first pl&ce such greater us« could be Kiede of 

existing capital. 2-orc inien^iva uso could bo moS^ of tarrainal atctiona* 

Steorn trains took about 6 ndriutcs of platform tte» to turn round; oloctrlo 

motor ear trains which tr&vslloa serially vrel I in each direction would take 

only 1-2 dlnu'i.03* Sufcorban traffic bf£ filled to capacity ooae of the 

Bain HIKJ London claticn& by tho early ye^r® of th* contory, end ltd 

vroulci have involved hoavy investnant in station extonsiona*

JJawacn estimated thst eleotrlf ication ought to double tho oocsaator
2 

of u tcr:;unal. It is interest in- to »f>e that in 1911 the

South Kaat and Chatham; Itailuay aan1 electrlf Mention only ao an altoitiativo
>

to extcralin& Cannon Street cr*d Charing Cross ot«tiona. Secondly cuch

more intensive uao oi* the existing trade wo^ld b« wada» Electric trains 

accelerated rapidly arid c.^uld thus ran ct hi^h^r speeds* On the Korth

1. P. itoaan, RAilTvay Klcotrif ication*. K.R. Vol. 6V, ^ 2O|, « 6, 275 * 7
12 Vebruary I2C?.

2* P. I5axvsonf 'ibid.' . ,

3» S.R. Vol. 69t P 213. 11 August 1911.
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Soatern and Lancaaliiro and Yorkshire electrification increased
1 

apecdo tyr 30 ~ 5Q^» Do^oon thought that one could double the
2 

capacity of cxi&ting track by the investment in electrification. In

practlco tho Ilorth Eastern increased ito ton mileage by 117, •» and the 

Lancashire and Yorkshire ita car mileage by 84,^ Increasing tho

apood of eteaa engines also required conoidoraulo invcotoont. 

great Extern Railway developed tho Decapod engine to epocd up its

suburban services, but apart frooi tho coat of the now engines, their
4

greater weight would havo involved strengthening the track and bridgea.

J. Dalzlel told a meeting of a British and American mochonicol enginooro 

in 1910 that extra capacity on busy lines could bo obtained wore OheapJy 

by electrification than by doubling or regrading. Speaking unofficially 

ho said that coats wore ovorvjholndngly in favour of electrifying rather

thon rc^roding, for instance , the Midland Ccspany§ 3 Derby «• llanoheater,
5

and Sheffield * I/fancbcater cootiono. Thirdly the use of rovoroible

cailtlpio unit trains would reduce the number of turntables* aiding and 

othor turning round equipment and the space occupied by them* Fourthly 

because electric zaotora wero ready for i mediate oervico at full power, 

a snaller ax-grogatc horso pcnvcr was noceriffiary to run any given service. 

The Prusoian State ^ovornri^nt ostioatod tliat assuming equal reoervea and

E.R, Vol. 54-, P 573- 8 April 19C4. fl.R. Vol. 59» H> 4 - 5t 43 - 
" July

2.

3. S.I?. Vol. 53, P 257- 16 February 0906. E.R. Vol. 59. FP 4 - 
43-4. 6 & 13 July

4* Lord Cloudo Ilorollton at half yoca:ly aaoting of tlie Great Caotorn 
Railway. E.R. Vol. 54, P 217* 5 February

5. E.R. Vol. 67, P? 234 - 9*



equal work 36/i less electric locomotives were required than would bo 

necessary for a steam service*

Fuel costs were lower per passenger mile, as trains wore lighter 

per pasaengor, and the thermal efficiency of the electrical methods was

such higher than that of the steam* That of the Lancashire and Yorkshire
1 

electric trains must have been no less than 5/£ , against, perhaps, 1$ on

ordinary steam locomotives* Also higher speed and denser traffic would 

ouch reduce other working expenses. On the North Eastern line expenses

per ton mile fall froa: 17-5&- with steam working to 9»0d. with electric
2 

working* Speaking roughly the service could be doubled for the same

working cost*

In this situation the Railway Companies could only be expected 

to electrify $£ traffic increased sufficiently to utilise the extra 

capacity, and produce an adequate return on investment* In the light 

of this one can understand the apparently ambigious attitude of the 

main line companies* In 1900 - 03 many of them seemed about to electrify 

suburban lines. Then the new electric trams began to reduce their traffic* 

The loss was often considerable* As early as 1902 the Great Western 

reported that its short distance passenger traffic was declining in London

1* The thermal efficiency of the power station was 7*5 •* 8 
I have assumed that 40/j of the electricity generated was 
lost in the power station, in transmission and in the motors. 
E.R. Vol. 59* PP 4 - 5, ^3 - 4, 6 & 13 July 1906. .

2* Deputy Chairman of the N.E. Railway at half-yearly meeting at York, 
9 February 1906. E.R. Vol. 58, P 257-
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1
Birmingham and Bristol due to the competition of electric trama. By

1907 the London Brighton and South Coast Railway had lost 2 million of

its 8 million passengers per an: urn on the Victoria * London Bridge line
2 3

to the new L.C.C. trams. By 1909 the number was down another 3 million*
«

Between 1903 and 190? five railway companies serving the suburban 

districts of North Eastern, Eastern and South. London had lost at least

34 million suburban passengers, largely because of the competition of tho
4

trams. This was about 19^ of their estimated suburban traffic in 1903.
5

By 1909 they had lost another 20 millions.

It v;qs argued that they could always remedy this and capture
;

back their suburban traffic by electrification. Sometimes competition

had this result* Merely potential competition was enough to move the
6 7 

North Eastern to electrify. But it was a model railway , in the fore­

front in adopting most improvements of the time. Competition was also 

an important factor in the Brighton Company's electrification, for many

of its services were short distance ones* The Lancashire and Yorkshire

. ' V „ 
1, Half yearly report of G-.W.R. Quoted in E.R. Vol. 50, P 370*

7 Karch 1902, 

2. E.R. Vol. 66, P 504. 1 April 1910.

3» P. Dawson, London to Brighton in 45 minutes. Paper to tho R.A C, 
read 8th December 1911, E.R. Vol. 69. P 1006. 25 December

4. See Table 51 The Companies v/ero the Gt. Northern, the Gt. Eastern, 
the S.E. & Chatham, the London & S, Western and the L.B.&J- Coast.

5» Reports of London Traffic Branch of the Board of Trade. B,P.P, 

6. See Chapter 4 P 140.

7« Seo C.E.R. Shcrrington, ICO years of internal transport. London 
P. 263 - 4. J.H. Clapham, op.cit.. Vol. 3, P 351.
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was like the Brighton Company, without long distance main lines, and 

had considerable suburban traffic around Liverpool and Manchester* How 

jD&ch it was directly stimulated by competition is not known but it ia 

worth noting that Liverpool Corporation started electric trama in 1898,

and at the same timo B.E.T. and Southport Corporation were planning
1

to electrify the Southport and District trams.
>.-..-.

But the other companies simply let their suburban traffic fall*
«Suburban traffic of the Great En stern alone fell by 2/j. million passengers 

between 1903 and 19C9, and the South East and Chatham lost 18 million, "

in the same period. In 19C9 the Great Eastern substantially reduced ::.'••• 2 \" ;••••>:
their suburban fares and the fall in their traffic ceased* Electrification• . ''•.'•'' 
was no longer serously considered. The Great Northern did not lose

as much traffic as the Great Eastern. But the pressure of demand on
• • .' i ,*' • "i •"•

capacity was Relieved. In 1905 O.R. Bury, Manager of the Great Northern 

told the Select Committee of the House of Colons on the Administrative 

County of London and District Electric Power Bill that "we feel convinced 

that .... in as much as our suburban traffic is increasing every day that , - ;3 •• ; ";
oooner or later we shall have to electrify «..." In 190? * 8 th« ; 

Great Northern's suburban traffic beg/m to fall. If, as has boon 

suggested, suburban traffic -was not very profitable this attitude ia easy

to understand.

!• In 1898 B.E.T. bought the Southport and Birkdale trams with intention 
to electrify. E.R. Vol. 43, P 384. 9th September 1898.

2. jteport of London Traffic Branch of the Board of Trade B.P.P. 1912 • 13 
Vol. 39, P 57 ff.

3. Q 2786



234

Interestingly tho London & South Western which eventually did 

decide to electrify did not lose much traffic until 1912* Onco the loss 

began it very quickly electrified. The London and North Western 

never had much suburbnn traffic and electrification seems to have been 

undertaken to develop it.

Now we must investigate how ranch trpffio might have increased 

if electrification had taken place. Unfortunately there are not 

adequate figures on the experience of those companies which did electrify. 

Traffic immediately rose* On the N.K. Railway passengers rose 40/o between 

1903 and 1907. On the Victoria - London Bridge line of the L.B. A S.C. 

Railway passengers from 8 million to 3 million owing to tram competition, 

but rose to 10 million on electrification, an overall increase of 25/j.dnly 

for the North Eastern is there any financial information. Gross profits 

(receipts less running costs) on the North Eastern rose from £06,239 for 

the laat half year steam working to £103,201 for the last half of 19C5« 

They would have fallen without electrification owing to tramway competition, 

and if we had assumed that they would have disappeared and thus the ' 

whole of the 1905 gross profit was a return to the investment on

electrification, it would have provided a XO/> return on an investment
1 

of £25,000 per mile of single track. As electricity was purchased -

from North Eastern Supply Co* this was an attainable figure, but

X. Out of this depreciation would havo been 4-6^. £25,000 is roughly 
equal to the investment per route mile in tranwaya by 1913 » half 
of which had their own pov/er station. The latter had lighter 
equipment, but a greater traffic density.
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unfortunately no information is now available on tho actual cost of 

electrification. But it would not have proviclod a big return.

The immediate increase in passengers upon electrification was 

probably barely enough to Justify it* Tho crux of the matter was 

whether a better suburban service would bring a long torn increase in 

traffic as more people were induced to move to the outer suburbs. In 

this respect results wero disappointing. On tho North Eastern passengers 

rose slowly after tho initial increase. In the second half of 1903, 

the last year of steam working, they were 2.8 million p.a.j in the first 

half of 1905, 3.5 million, and by the first half of 1910 4.1 million. 

After 1912 they did begin to increase more rapidly and in the first 

half of 1914 reached 5»4 millions. No attempt was mode to electrify 

the lines on the south bank of the Tyne until well after tho 1914 m 18 

war, which suggests insufficiently high density of traffic to make 

electrification really profitable. Passengers per electric train mile 

were only 6.0 in 19C5 & 6, and 6.6 in 19C7 & 8. Thero are no figure* 

concerning the Southport - Liverpool lino, but the fact that the 

Lancashire and Yorkshire waited until 1912 before starting suburban 

electrification near Manchester suggests the same story*

But both whore suburban lines were electrified and where they 

were not, the traffic figures ahotf the effect of electric tram competition. 

Because this either reduced traffic or reduced the rate of its expansion, 

it slowed down suburban electrification. Only very fast urban growth 

would have changed this. Tno rate of growth of the big towns however 

slowed down after 1903, London is a good example. When building w«»



236

booming in 1903 the Soyal Cons'iooir-n on London Traffic wza told of tho 

lar^e increases in suburban population consequent on tho provision of 

bettor irana-ort. The population of areas served by the Great Eastern 

suburban sex-visa had grown substantially and was clustered round the

stations* Many arsas esrved by the District Railway had double! thoir
2

population in the preceding 20 years* In tho late nineties this

jaovement to the London suburbs seems to havo accelerated. Tho population 

of the area served by the London United Tranways rose 2.6$ from 1899 • 1904* 

But there seemed to have been considerable overbuilding by 19C$. Thus 

further building was unlikely and it is not likely that in thses
•

circumstances better suburban services would have been enough to stimulate 

it*

Evidence on the relation between transport facilities and 

building is inadequate, and thus conclusions can only bo tentative. 

However an examination of the question from the viewpoint of transport 

electrification, both of transa cmd suburban railways does suggest that tho 

inain line of influence in the short run w.ia that of liouse building on tho 

demand for transport, rather than the other way roud. Better transport. 

eecns to hava boon permissive rather than rapidly stimulating*

IV
••••MM

Electric traction and electric lighting wero to some extent 

complementary. As J.W, Southern told tho Select Oonmittoe on Llunicipal

1. Royal Coiftidssion on London Transport. Report B>P.P. 1905 Vol. 30 P 2 ff,

2i JSid^-.. B.P.P. 1906, Vol. 40 PI f* Evidence of R.W. Porkos. Q 19629
3. 'iy_d'»., Evidence of J. Clifton Robinson. QQs 24776 - 24780

The district was Chiswick. Kalin^, Acton etc. v
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^n^ "If y u h'wa tv uw<l electricity through a ftiatrlot for your

y«.»u ffiuy tus wall uao it for your lighting and for 
1

Tlia Q&M £«n?r.'.'tlii£, plant and the ouuo transmission main*

uaod fur bc-th lifting sfc& traction* Tha distribution » 

h-d to r&uaia ^e^arate i;or the usual tr&*at6y preasure, 500 y#, saa too 

hiijh for ^oineraly, £Upj>3y* Tho exception wr.3 that ctr««t lempo could 

run frora tho tra&sv&y ovoi*h«&d vviros, anS thuo wjia v«ty convenient aui 

uro li^hto v/cre the fceot wtt^ to ll^jbt A street important enough to hav« 

& tri^».'ay* Tot &t f irat tn-otion find ll^htin^ ^yntoaa tmro qulto 

from each other. In 1097 .tb«r<* wnw 11,617 horeo pw/«?r clectrlo

tad miltfc^ jsa-tora In operation, exclu^ln^ thoa« on the City and South
2London Railway* All v/oro driven by oicctricity generated In their own

po«ur housoa* ?h« City o^<5 South London Rnllwoy also had ft 

power house. By 19C2 there WAS 164, 633 ^»P» Q? iaotora eu^lied from

public aupj/iy &ttttione» Uit nnoth^r 182,600 h«p., »s^n ftxolu^lng tho

City or4 Suulh London, supplied from sepioratft po^cr atntiona. lilectrio

isiya bought vei^ little from j.ublio aupply atntiona. All of then 

thoir .o\vn i&x&v gtntiono «:ccapt tho Berth Kastern and th« London 

on oi^.d S-juth C-vdat* Tho g,.vailctJ>le information ia sumaftrisod for 

15C? ami 1^12 in Tablo 52. ^ / . V

1. _B.P,I>. 19:0. Vol. 7. Q 2&5 - 6.

2. Electricil Trades Directory.

3. ibid.
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Table 52.

Source of supply of olectricity us?d by electric trams and
electric railways•

lear

1903 

1907

1912

Tranwrays

Generated in 
own power 
station

anKffh 
1

107.7 
2

204.1

347.4

Purchased 
from public 
supply

• m KWh,

103.4 
2

209.4

238.7

Electric Railways fl

Generated in 
own power 
station

m KWh 

35 

198.9

234.5

Purchased 
from public 
supply

m KWh 

none 2J 

14.8 61

38.4 8;

Total

Figures are on calendar year basis for all electric railways and 
electric trsms owned by companies but on year ending 31at Karoh 
in following year for municipal trams*

1. Residual.

2. 15.4 m KWh cannot be allocated.

3» No more than zri extremely roufji estimate is possible. The
generation of the Central London Railway in 1^C4 is knoivn and 
the goaoration for other lines is based on this and the number 
of passengers they carried compared with the C,L.R.

4. Includes estimate for Brighton Railway.

^ of calculation see Appendix P.499*

Sources; Board of Trade Returns relating; to tramways
Board of Trade JReturns relating to electric railways
Calculations frcn G-n rice's Manual
Select Committee of House of Lords on Administrative County

of London Electric Power Bill* 
Electrical Trades Directory.
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V Thoro are several reasons for this. In tho first place when 

ciootrio traction started it was on a big scale compared with existing 

lighting loads. In 1B93 91 adllion Kfth were sold by public supply 

stations, virtually all for lighting. By 1903 traction was using 

246 million KiVh. tDhua plant would have had to bo extended very 

considerably. In bi& cities tho trains required a great deal of plant| 

Cls^foOJ for example, contemplated & tranisray power station of 10,000 JW. 

liicro was no gain at the tiaao in combining one of this size with the 

lifting plant as all possible economies of scale were already exploited* 

Ihe London Underground railways built at Lots Road a power station of ; 

VfiOCO XK capacity, which remained tha biggest power station in the 

country up to 1934* But after Merz had shown the advantages of really 

big power stations in. 190^ - 5 the orgunjent is no longer valid, and 

economics of'scale would have been possible when both general supply and 

wrasB/aya v/cro being extended* As for the transmission lines, tramways 

find li&atfi v;ere initially in tho centre of tovms, and economies of scale 

could only have been achieved when both were extended to the suburbs* 

Secondly, in ths nineties t raj way generators were of different design from 

lifting generators. This was partly because of tho different 

characteristics of the load* Then thoro were only a few tramcars large 

sudden variations in the load v;ero produced when each car started* 

Ordinary limiting generators v;ero not designed for this type of service. 

this argLuacnt became irrelevant in the early 20th century when the 

of cars in each truuiway rose to produce an even load, when 

£cnerat-jra had iucreased in ci^e so that variations were small compared
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with output, and when the design of generators had changed so that 

they «rore desired for bl& variations which could occur on power circuits* 

But it was partly because electric traction in the Iftte nineties used 

American methods and its eojuipmant was designed by American engineers* 

They were used to lar^e slow speed generators, and not the small hi^h 

speed machines used &y English lighting stations, and were probably 

correct in thinking that the small fast English generators were too 

flimsy and likely to break down for heavy traction work. The American 

type tramway stations v/ere cheaper than the average English lighting : 

stations* The latter v;ere costing £40 - £50 per M at the end of : ^ 5

the nineties; the po»ver house of the Central London railway cost £54 ;
1 • ,---.:; ;-Cv :S 

per Ktf. H.F. Parahall told Glasgow Corporation that & 10,000 KHT2 •:>;:
power station would cost £$2 per KW* Lots Road cost under £28 per K3ff» ^ 

But the average English figure includes a number of small stations. The 

bigger public supply stations at the turn of the century cost much the 

saice as the tramway pov/er houses. The former were however on American 

and Continental lines and most English consulting engineers who would ;r - 

have been responsible for desii^ning plant for extending most public > 

supply stations for traa#ay supply would have continued with the usual
'. • ••-•! ' • ' ' • \ ' • • ' '.''•-

!• Administrative County of London Bill, House of Lords Consnitteo Q 2^68
1905. 

2. E.R. Vol. A4» P 372* 10 March

3* Prom Underground Electric Railways Ltd. accounts.
Tae cost bore includes transmission mains. The power station 
xaay have cost as little as £20 per &7 at a

ivvV. 'in-
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English practice. Thirdly there ia the pricing policy of public 

supply stations. Ihey of ton Geea to have aeon a tramway load as a 

way to subsidise electricity i'or lifting, an a way to increase th* 

aid which electric supply wsui ox ten £ivin& to the rrbos, or a w?y to

Increase profits. In the late nineties they thought of 3d« a unit
1 

as & normal charge Tor tracnay current , but the trains could generate

for themselves at a little over half that price. The situation was 

Aggravated by the cases where either the trams or electricity supply 

in a town was run by the corporation and the other by a company. Thus 

Bristol Corporation tried to maks the purchase of current from tho 

electric lighting station a condition of permission for tho Bristol 

Erans/ays Company to run tra&s in the streets of Bristol* The Company 

refused; II.l*1 . Marshall considered they could generate inoro cheaply

themselves, and that the Corporation's li^htin^ machinery was not
2 

suitable for a traction load. Relations were bad for other reasons,

and e/en at a coat or production price the Company would have boon 

unlikely to want to buy current. Giiailarly Corporations would not 

want to buy current frou utility companies which they tended to regard 

ao monopolies seekiiig ogpoz'tunities to exploit the piblio. It was 

understandable that Corporations liko Preston and Reading should build 

their own tramway power houses. Antagonism went very deetp in some

1. E.R. Vol. 41, EP 393 - 4» • 24 September 1B97.

2. E.R. Vol. 39, HP 751 - 2. 11 Dec9?iber 1896. Both Lord Kelvin 
and John Uopkiuson, two of the moj>t di^ tinquishsd theoretical 
engineers at the time, agreed with Parshall.
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oases 9 particularly when enthusiasm for municipal trading was at its peak* 

It is only in ouch terms that one can explain the action of Newcastle 

Corporation in building thoir own tramway power house, when current 

could have been bought from N.E.S. Co., at a price almost certainly 

below the Corporation1 a cost of production. But separate tramway 

power houses were not always due to antagonism between municipalities 

and companies* In 19^7 we find Glasgow Leeds, Sheffield, Leicester,
»

Hull, Portsmouth, Biddorafield and Birkenhead with both general supply 

and tramway power houses. In Glasgow when electrification of the 

trams was first decided upon, the trams/ay committee* s decision to build 

its own power house started a conflict between the traaway and electric
\

lighting committees which was even more violent than that between Company
1 

and Corporation^ in Bristol. As at Bristol, the tramway side won* Again
V

supported by the opinion of H.P. Parshall. In the majority of
/

municipalities supply came from the Corporation* s lighting station* In
2 

the Jrear ending March 19 C8 municipal trams bought 176*1 million KWh, and

generated 148.7 mill ion KSTh, but of the latter quantity only 71*7 million KWh 

was in towns where the Corporation had a lighting station* The 

accounting price fixed for the transfer of electricity between the two 

departments fell with this municipal controversy to between Id and 2d, 

where it remained. Once the separate traction power station was built 

it was rarely worth changing the situation* The demand for eleotrioity

1. JB.R. Vol. 43. P 597- 21 October 1098 

2* Possibly up to 3/» less.
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for trams, rising from 316 million KWh in 1905 to 630 million in 1913, 

oould bost be met by extensions to the tramway power house, or by 

substituting new generating plant with a greater output but oecupying 

the flame space*

A potential loss with separate tramway and lighting power 

stations was that if the peak loads of each did not coincide, more 

plant would be needed than if there was one station, or if the two were 

connected. The extent of peak demand diversity is not known as it does 

not generally seem to have been studied. But the loads overlapped* both 

with a peak in the early evening usually between 5 and 6 p.nu, and there 

is not likely to have been very much diversity. It is not, however, 

safe to assume that the diversity of demand was not worth consideration, 

as seems often to have been assumed in contemporary discussion.

Charles Merz argued that the failure of London electricity 

supply to exploit potential economies of scale was a great hindrance to 

railway electrification. He considered that cheap supply would stimulate 

the latter and estimated a very large sale of electricity from his 

proposed power stations for traction. He was supported by evidence 

from the Great Northern Railway* 0»R. Bury, its manager, told the 

Select Committee of the House of Commons on ISerz'a Bill that if they could 

take a cheap outside supply "it would remove one of the chief difficulties 

wo have in the v;ay of adopting electric traction, because the power station 

i& of course a larger percentage of the total cout in changing the method 

of traction *•• sooner or later we shall have to electrify and it would 

hasten our decision with such a power house as is now suggested at our
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1
disposal". Electric power coots would have been about 25/c of working

2 
cost* , and even if halved, as Merz promised, it is not by any means

certain that it would have mode a crucial difference* The reduction 

in the amount of capital that had to be found for electrification was 

probably more important, because of the heavy demands on railway 

capital at the time.

It is difficult to know how much weight to give to this as 

railway companies seemed to prefer their own power plant* Philip Dawson 

told the Committee of the Lords on Merz's Bill

nl am consulting electrical engineers to the London, Brighton and 
South Coast Railway. I have therefore had to examine the question 
very carefully as regards the cost of electrification and cost of 
energy for traction purposes and I have reported on them at length* 
In i'act at the present moment we have asked for tenders for the 
purpose of electrifying a portion of our system experimentally. X 
know therefore at what price we could produce our own energy if w« 
required it on any scale, and it would certainly not pay us to 
consider purchasing power; and even if there were prices approximately 
equal, a railway company would never consider taking power from an 

1 outside source, and running the possible risks which might be involved 
in the stoppage of a supply from an outside source over which they had 
no control*"3

Ironically enough,; the Brighton Railway was one of the only 

two which bought all its electricity for traction from the public supply, 

but other late electrification schemes, the London and North Western and 

the London and South Western planned to build their own power houses.

1* House of Conn-ions Committee on Administrative County of London 
and District Electric Power Co* Bill* Q 27781 & 86.

2* Mersey Railv/ay figures ~ the only ones apart from the untypical 
District Railway.

3. Q 5273-



Tat Mere's plans for London failed to materialise.

Thus there ia unfortunately not enough evidence to come 

to any firm conclusion; cheap power might have hastened the 

electrification plans of 1910 - 11 in London, but we cannot ««y more*
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' Chapter 6.

Electrio Power,

$y 1907* when for the first time overall figures are available, 

more electricity was used for electric power than for either lighting

or traction* Statistics are incomplete and imperfect tout estimates
1 

suggest that 2,335 million &Yh were used for all purposes in that year*

Between 1,000 and 1,400 million K$h were used for power, that is 40 - 

of the total. Kost of it was generated by users* Mining and 

manufacturing, the principal users of electric power , used 1256 million
X

KFVh of electricity in 190?, Only 283 million IGVh had been bought 

from outside* By 1912 power was still more important among uses of
/

electricity* In that year something like 4*146 million units were used; 

between 2,400 and 2,800 million, 60 - &Q$ were for power. ' :

The use of electricity for power was in 19C7 a very recent 

development. In principle the electric motor is a dynamo working in

reverse, converting electrio into mechanical energy. This had been known
2 

from 1873 onwards, but for some years no commercial use had been made of

electric motors* Apart from traction use scarcely any electrio motors 

were in operation in the 1880s. The early nineties saw a few motor 

installations. By 1894 the Electrical Review was able to point to

!

1. See Chapter 3, Table 25-

2* It is said that the use of a d*c. generator as a motor was discovered 
accidcntly at an electrical exhibition in Vienna in 1673* 
See Fleming, op.cit., P 138.
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electric driving in the works of Siemens Brothers, the Electrical
1 

Construction Corporation and Howard and Bullough's, but to no other
2 

largo installations* There were also a number of small installations,

each with a few motors* Two years later there wore enough users of 

electric motors for it to be clear* that in certain cases electric motors 

were cheaper than mechanical drives* Electrification at this stage 

seems to have been concentrated on the North East* As D. Selby Bigg* 

told the Cleveland Institute of Engineers in November 1897

"In no part of tho country has the progress mode in electric 
; V driving been so marked and rapid as upon the North East Coast, in 

.••V'','••. fact it may truly be said that the engineers of the Middlesbrough, 
Hartlepool and Noith East Coast districts have, to a very large 
extent, been the pioneers of the system in this country"•*

What motors there were then were d.c. ones* Meanwhile the 

a.c. motor was being developed abroad and this was to prove a great
/?

stimulus to factory electrification. In 1833 J. Hopkinson showed that 

it was theoretically possible to run alternators in parallel* Ho argued

that they would control each other and keep in phase if started in step*
4

It followed that from this that an alternator could be used as a motor*

In the eighties however only single phase a.c. was used and the single 

phase motors of the time when they were heavily loaded could easily get

1. Manufacturers of cotton spinning machinery*

2« E«R* Vol. 35. P 4C5« 5 October 1824.

3* Quoted in the E.R. Vol. 41, P 845- 10 December

4« J.A. Flaming. op.cit1t P



out .of stop with the generator and would then stop. They then had to ba 

restarted in stop. Improvements in the Q.C. motor took two directions; 

one, improvements in single phase motors and the other , the development 

of multiphase motors*

A d.c. series motor could be used on 1 phase a.o. circuits,

although not as satisfactorily as on d.c. circuits. In 1889
1 

Thomson developed a repulsion a.c. motor. It wao not very satisfactory

owing to sparking at the commutator and a low power factor. However the 

repulsion and compensated series motors were combined in a commutator 

type induction motor. This worked well enough but was still inferior to 

the d.c. motor as the cost per horse power was higher and the bulk greater 

than with d.c. motors. There were often difficulties in starting as the 

a.o* motor had poor torque at low speeds. The d.c. motor on the contrary 

pot-formed very well over a very wide range of speeds* Much of tho work 

on thd single phase motor was inspired by the hope that motors could be 

developed for the single phase a.c. lighting circuits. Unfortunately 

these motors would only work properly at a low frequency, 40 /v and below, 

while most of the lighting stations had frequencies well above this) 

usually ranging from 80^* 340/tf Under 40 /vthe lights flickered and aro 

lamps were particularly unsatisfactory. Thus the bottom frequency limit 

for lighting was the top liniit for power* For tho so reasons one could 

expect few a.c. lighting stations to bo able to develop a power load. A 

factory putting down a system of electric drive complete with generating 

plant would naturally choose d.c. as it was cheaper in first cost and more 

satisfactory in operation. 

1. J.A, Fleming, op.cit.. P 142.
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The only extensive use of the single phase a.c. motor was in
1 

traction. This involved work on a motor specially designed for traction*

It was used on several railways including the Brighton railway, but the 

great weight of the motors compared with d.c. traction motors and their

inferior torque at low speeds told against them* It proved simpler to
<

raise the operating voltage of d.c. motors by improvements in commutation*

Polyphase motors appeared to be more complicated at first but 

eventually were shown to have great advantages not only over single phase 

a.o. motors but over d.c. motors for some applications, namely those 

where constant speed operation was desirable* The use of 2 and 3 phase 

alternating currents to produce a rotating field occurred independently

to Professor G. Ferraris, Nikola Tesla and Von Dovilo Dobrowolskl between
2 

1865 and 1383. Ferraris published his work in March 1383, and in May of
3

the same year Tesla showed a rotary motor running with four wires*
4

Various improvements and modifications were introduced by Bradley,

Haselwander, Westrom, Klihu Thomson, Dobrowolski, C.E.L. Brown and others* 

The first practical demonatation of 3 phase power was with the Frankfurt*
5-

Lauffen plant. This showed beyond doubt that a.c. could be used for
•

power and all the advantages of voltage tranafonaation could be used for 

motors as well as lighting. The first large scale power scheme with .

1. See Chapter 5* ? 223- •' . •

2* J,A. Fleming, jop.cit*, P 146.
1 r

3* A.B. Snell, Distribution of power bv a..o> motors. Paper to the 
I.E.E. read 13th April 1893* £.R- Vol. 33> EP 635-7*

4* Bradley was an American* 

5« s°e Chapter 3, P 100.
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polyphase a*c. was tho Niagara Falls echerae opened in 1895, demonstrating 

that polyphase power was not only possible but in many cases commercially .
*

desirable* The Niagara scheme used 2 phase a.c. This is inferior to 

a 3 phase, the latter being cheaper in first cost and giving a more even 

turning motion* It seems to have been adopted because of the distribution 

complications of 3 phase current, principally the difficulty of balancing 

tho load on a 3 wire system*

Thus by the middle of the nineties there were two competing 

systeos of electric motors, d.c. and polyphase a.c* But although 

competing over a range of uses they each had relative advantages in certain 

uses* The d.c* motor was a better variable speed one and had high starting 

torque* k Thus for driving cranes, lifts, hoists and traction it was the
•

obvious one to use* The a.c. motor was able to maintain a more constant 

opeed over a wide range of loads* Thus it was particularly useful for 

driving lathes, looms spindles and similar pieces of machinery* . The 

3 phase system however, when developed, had one very important general 

advantage over the d.c* system* The induction motor itself was very . 

simple and robust* It had no couiratator, and thus could not spark* It 

would operate withoirf; difficulty under much dirtier conditions than could
i

tho d.c. motor, and consequently for similar operating conditions required 

very much less maintenance. A large number of running difficulties with

d.c, motors were duo to commutation and to have designed a motor without a
1 

cooQutator was an enormous advantage*
X

1* See H.C. Passer, op.cit.., Chapters 18 and 19* for the story of the 
development of tho a.c* motor in the U.S.A,
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English electrical engineers had taken no part whatever in the 

development and improvement of a.c. power during the nineties* Their 

attitude was well described by the Electrical Review in 1894

"The polyphase system is highly praised by those who know it best, 
and although it has not yet, in this country, met with the same open 
hostility through v/hich the single phase method successfully passed, 
it has been treated oven more shabbily "by indifference, a sort of 
passive resistance even c^ore deadly than active war ••• In other 
countries, polyphase mchinery has already "become a catalogued part 
of every manufacturer's trade".'

When polyphase a.c* came up for discussion at engineering 

meetings it was dismissed as an unimportant, and not very satisfactory 

development. This attitude shows well in the report of the remarks 

of Alexander Siemens at the I.&JB. during the discussion on A.B. Snoll's 

paper on the "Distribution of power by a.c* motors"*

n English engineers should not be too much blamed for holding back 
on this question of a,c» They were, after all, a body of practical 
people who had to apply science to everyday life, arid that which had 
to a great extent to govern them in what they did arid what they 
investigated was the eternal question of £ s.d. Ilis firm had 
been very much interested in rotary (polyphase) motors and had 
worked-a good deal in that direction* They had not done so much 
in England because it was obvious3y unnecessary to ^o to an extra 
set of experiments whilst they had the experience of Berlin (Siemens 
and Halsko) at their disposal. TThenever they had to work out a 
problem for transmitting power to a distance they gave the exact 
problem to their Berlin house and asked them to work it out 
according to the rotary system, and up to the present they had not 
had one instance in which they could not carry out such a problem 
just as well by either d,c. or the ordinary a.c. machines. .*.. 
They must wait until they had got a thoroughly practical a.c. motor 
which they could use on the ordinary mains and then they would use 
it".*

As the ordinary a.c. mins were single phase the last sentence
•

is a stronger rejection of the value of polyphase power than it at first

1* _B.R, Vol. 35, P 226, 2J|. August

2. JBJR. Vol. 33, H> 728-30. 16 Juno 1893.
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i sounds* Also, as public supply mains were in the centre of large towns 

only* it implies a dismissal of the large potential market in isolated 

electric power transmission schemes for large factories*

Possible infringements of the Teala patents of 1838 were 

sometimes given as a reason for tho lack of interest in polyphase motors* 

The Electrician argued in 1393 that it was not entirely due to ignorance 

on the part of British manufacturing firms, nor even to a natural 

conservatism tinged with trie feeling that the advantages of polyphase
0

motors have boon somewhat overstated*

"The cause of the delay in this country has ... to a large extent 
been due to the uncertainty that exists as to what claims would 
have been made by the osvners of certain patents and as to the 
ground they would consider covered by such patents"*^

The Tosla patents were very wide and English companies had 

suffered from several infringement cases in the 188Cs but this cannot 

be enough to explain the British attitude* General Blectrio in the 

United States was able to find ways around the patent difficulties, and 

the big Continental firms do not seem to have been deterred in this way* 

There seem to have been no attempts in this country to find a method of 

using 3 phase power without infringing the patents quite apart from the 

fact that there was general doubt as to whether the Tosla patents would 

have been sustained in the courts because of the parallel work of 

Perraris and Bobrowolski. The Electrical Review confessed it could 

think of no good reason why polyphase power was neglected in this country 

lamenting that "its advocates (those of polyphase) are enthusiastic and

1. Elect. Vol. 35, K> 262-3*
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make groat claims for it, have spent timo, money and brains on perfecting

it, and yet the ordinary engineer Jogs along the beaten path quite
- 1 

oblivious to all their efforts. 1'

Such was the position in 1895r5; British engineers were olcarly 

not in the vanguard of engineering developsoonts* But in 1897 attitudes 

were still the same* In the discussion at the Society of Arts on
*

W.B. Bason's paper on the "Transmission of power to long distances by 

alternating currents of electricity" Alexander Siemens again argued the 

superiority of d*c» over a. a. power, for, it seems, all purposes* At the 

same meeting W.M. Lfordey, the Brush company's chief electrical engineer, 

with ten years successful work on the design of a*c« machinery behind him,

said that he was sorry not to be able to speak from experience with regard
2 

to polyphase motors*

The first polyphase power installations came in 1897* The 

West Hartlepools firm of Thomas Richardson & Sons, who had not hitherto 

been involved in the manufacture of electrical apparatus, decided to Install 

a 1250 h*p. 3 phase power system in their works. The machinery was 

bought from Brovvn-Boveri. They also made arrangements to start manufacturinj 

3 phase plant under licence from Brown-Boveri. C*F. Higgins, firmerly 

chief assistant to the latter was sent over to superintend Richardson's 

electrical department* Tho patent problem was easily surmounted; a licence 

was obtained from Westinghouso to manufacture under the Tesla patents*

1. E.R. Vol. 35, K? 121-2. 3 August 1894«

2. E.R. Vol. 40, H? 474-6, 5C8-10, 543.5. 2, 9 & 16 April Z897.
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In IS97 Brown-Boveri had made two other installations of polyphase

machinery in Britain, one in Edinburgh and one in Glasgow, involving
1 2 

130 and 100 h.p. respectively* 185? also saw the first G.B.C.

polyphase installation in the Liverpool Grain Storage Company's warehouse* 

This seems to have been the first in this country to combine lighting
/

with 3 phase power* G.B.C. was not an established fizm manufacturing 

electrical machinery, it was primarily a wholesaler of electrical goods, 

although it hod made light bulbs from 1893 onwards and also made telephone

equipment and light electrical apparatus* But it made an agreement with
3

Ifeschinenfabrik Oerlikon to manufacture polyphase plant under licence*

In 1897 there was one, possibly two more very small polyphase 

installations making five to six in all* A year later there were more| 

the Electrical Review stated that "every week we hear of fresh advances in 

the polyphase line in England on the part of Continental and American , 

makers11 • Yet relative to other countries there were very few, for it 

continued "Polyphase work has become almost universal on the Continent

since the famous Fronkfurt-Lauffen installation; whilst on the other hand
'• • 4 • ••
it is yet hardly thought of in England11 * Not that this worried English

manufacturers. At the British Association in 1893 A. Siemens told Section
5

G that in nearly all cases d.o. power was to be preferred* In the '

1* a.K. Vol. 41, P 665. 12 November 1897. '

2* The General Electric Company.

3. E.R. Vol. 41, P H7» 23 July 1B97.

4* E.R. Vol. 43, P 377- 9 September 1J398.

$• E.R* Vol. 43, K> 4C6-3. 16 September 1898.
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discussion of H.F* Parohall'a paper on tho "Scooomioal Tranabiaaion find 

Dictribution of Kloctricity f rora a Diatauoe" at a Conference of the 

Institution of Civil Engineers in tho suoasr of I329» £• Parkor aaid that 

he hlmaolf thought that there was no need to use 3 phaae current*. aa hia

fira wore quite prepared to build d,o. aachiaery up to 2500 V and he
1 

thought it would not too difficult to build the* for 5000 V,

In a paper to the Birninghaza section of tho X*B»B. in 

W. V/yld gave dotailo of 16 polyphoso inatallationii agcre^Ating 4»S80 XW. 

Tho list in probably oliioot corsploto aiid Gho\7a tho very a. All oaount of 

polyphase poorer uuod at tho tico, ThorcoTtor Sttglish f ircaa began to tokd 

up tne manufocturo of ix>lyplu^o plant ond in 1902 tho Electrical Revicar 

was able to say that "olowly but &uroty» tho intercut token by electrical 

enginocrd in thio country in polyphaso working

The English s&nufacturerd advocatod d,c. ootors in proforoncd 

to a*c» r but v/oro ocarcoly very enthuoic^tic about the foroor. It waa 

tho mocnanicol rather than tho olcctrical cngincora who wero ardent 

Qdvocatoo of tho electric motor* It waa before tho ucchonical 

societies that tho rosulta of olcctrical driving woro publiabod, The 

Eleotrical Rovicy^ coajcnted in 1326

"Although tho olootrical engineer is occasionally enthusiastic on 
tho tmbjoot of oioctrlo ja-jtora ho has for tiio coot pert no^lcotod 
it* Shore aro of cpurac rurr.orou3 instanced of electrical 
cni.incorJ,n£ fims dca^nstratln^ in tiioir avn v;orko tho capnbilitleo 
of tho electric ootor; but cno ia forced to the ccncluoi^n that 
they aro not ectlvo enough in aottin*.; forth tho morita of electrical 
driving"*2

» P 1014. 23 June 1899 • Cocsuutation waa very 
clifiicult with hi^;h volta^s. It &>e* not noon likoty that Parker* a
claim could have been curtained in prnctico*

2* B.H. Vol* 39» V* 433-4* 16 October 1096.
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Mechanical engineers often wanted to find out about the merito of the 

electrio motor, and sometimes had to go to the Continent to get an 

answer.

English electrical engineering firms thus waited for a demand 

for motors* That is to say, they waited for an increase in demand. For 

at a time when innovations were being made resulting in lower initial 

costa of electric power transmission systems, and in lower workirg cotts 

because of greater reliability, output could have been much increased by 

an active policy of innovation on the part of English manufacturers* 

Demand, moreover, cannot in this situation be considered apart from the 

activities of manufacturers* In the nineties potential users had little 

knowledge of the electric motor. Results of the working of electrio 

motors were published from time to time, but could only give a general 

guide to possible users about the advantages of electrical power 

transmission to them* All lamps were much the same and produced a fairly 

simple commodity, light, but turning motion could be used in a vast 

variety of ways. The driving of cranes, steel rolling milla, machine 

tools and coal cutters, posed an array of particular problems, whose 

common elements might bo few. Before users could know whether it waa 

worthwhile to apply electric motors for these purposes careful consult­ 

ation was necessary between possible users and motor manufacturers. 

Lack of initiative on the part of the latter would lead to a ouch lower 

demand than might otherwise exist* The power unit waa often on integral 

part of the machine* Thus close co-operation was required between the 

manufacture of machinery hitherto powered by mechanical means and the
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makers of electric motors* In many cases this would be more important 

than consultation with final users, but initiative by the rotor 

manufacturers would have the sazne effect of increasing demand.

The behaviour of English electrical manufacturers is only a 

part of the explanation for the slow adoption of electric rotors in 

England, It partially explains the slow growth of knowledge of the 

value, potential and actual, of electric motors; where the necessary 

knowledge was principally of a variety of possible practical applications 

it would not spread rapidly over long distances* It partially explains 

the high first cost of electric power transmission schemes; British plant 

WAS expensive, ancl Continental plant had to pay higher transport costs* 

These transport costs were particularly high in the nineties because the 

manufacturers often had to erect, or supervise the erection of, plant* 

When Continental and American firms had no permanent representatives in 

this country total transport and erection costs could be high*

The entry of Continental and American firms into this country 

greatly stimulated the introduction of electric power. This occurred 

in several ways.

Firstly, there was the formation of selling firms in this 

country* In the middle nineties A.2.G. incorporated the Electrical 

Company as their English sales agents* Wcstingfrouse formed British 

ffestinghouse for the same purpose and General Electric used British 

Thomson-Houston as an outlet for their products* B* T*E* and 

Westinghouse developed traction equipment as their chief product as their
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saleu expanded in the late nineties. But both G.I5. and Westinghouso 

were manufacturing non-tract ion motors.
«

. Secondly, there was the granting of licences to English firms 

not in tho heavy electrical equipment business, Brov/n-Boveri to Thomas 

Richardaons & Sons and Ocrlikcn to G.E.C.

Thirdly, there was the building of throe new large factories 

to nanufacture electrical plant just after the turn of the centiuy» 

Both Westinghcuse and B* T-K. decided to begin manufacture in this 

country, and Dick, Kcrr £ Co. decided to begin the manufacture of 

electrical equipment. By 1902, these three factories had largely 

captured the market for heavy plant* The English firms did not manu­ 

facture very large plant and the optimum size of power station plant was 

sharply increasing at the time* Firms like Cromoton and Hat her and Platt 

decided to abandon the manufacture of power station plant* As Crompton 

told a Select Committee of the Lords in 19C5,

".....4 two years ago decond for small generating plant closed up • •< 
consequently all the machinery that we used for mnnufacturing the 
smaller class of generating plant seemed likely to remain idle, and 

, we therefore went completely into the question of turning out motors 
in very large quantities and putting down extra special machinery 
for that purpose"*^

Also the American firms were large scale manufacturers of motors* 

• Lastly the peak of a strong boom in tho sales of electrical 

equipment in Germany was reached in 1900. A sharp recession followed 

and German firms started to export plant at very low prices*

The result of all this was that motor prices fell dramatically
v

!• Select Committee of the House of Lords on the Administrative County 
of London and District Electric Power Bill, 1905* Q 4990.
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at a tiro when the advantages of electric motors were becoming fairly
1

widely appreciated. Crouton before a Select Contnittee of the Coercions

quoted as an example tho fall in the price of 10 h.p* motors from £60 * 

£65 in 1901 to £30 in 19C5.

Demand seems to have been elastic in those circumstances and 

the substantial adoption of electric poorer dates fro.n tho yeara 1902-4.

Some confir&ation of this pattern of development is provided 

by figures of the sale of electricity for power by public supply stations. 

Unfortunately no figures at all exist for isolated installations* The 

latter were much more important and there are several reasons for supposing 

that the timing of adoption of electric power when isolated generating 

plant was used was different from that when supply was taken from the 

public mains* Also the figures for supply of power from the public 

mains are incomplete* An important deficiency is that where a supply 

undertaking gave figures of the electricity it sold for power it usually 

only did so when such sales had become substantial. As the figures

for the first few years are missing, indexes of output based on those 
i

undertakings with good figures differ from those based on estimates of 

tho power sales of all undertakings. For example an output index 

(1907 « 100) based on those undertakings with figures going back at least 

to 19C5 will omit firms which started selling electricity for power perhaps 

as early as 190*. but giving no figures until 19C6 or C?. Such an under-

1. Select CommiUce of the House oi1 Coajona on tho Administrative County 
of London and District Electric Paver Ball, 1905. Q 6835 •
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taking may individually have boon OA little importance, but there woro 

a large number of them* On the othor hand, if we included all power 

ihjros before 190? this will omit the early yeara of power sales for

some* perhaps many undertakings. Unfortunately we can only use crude 

techniques of extrapolation to estimate the udssing figures (where we 

may think figures are idling) . (Table gives output indexes on different 

sets of figures* C ia probably the best, but half the aggregate is
*

estimates which individually have a possibly wide laargin of error* That 

the correspondence of eati^ated sales for 1<K7 is quite close to the most 

probable figure of actual sales doe 6 however suggeat that the aggregate ia 

not far off the mark.

Table* 53- 

Sales of electricity for power from public supply stations

1907

A
Undertakings with 
good figures going 
back to at least 1902.

1900
01

02

03
*
05
06

07

10.4

16.6

25.2

37.2

49.8

62.9

78.3

100 .0

» 100

Undertakings with 
good figures going 
back to at least 1905•

4.0

7-7

11.6

17.2

33-9 

50.6 

74.2

100*0

All undertakings 
(includes numerous 
estimates)

8.9

23.8

37.1

100.0
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Thus at least half of the motors driven by purchased electricity 

In 1907 were installed after 1905, and all but 10/u after 1902. It la 

likely that a hij nor proportion of motors driven by electricity generated 

by the user was installed before these dates, but it is Impossible to say 

how much higher.

Any attempt to measure* the extent of electrification runs up 

against a conceptual difficulty. The most obvious method is to measure 

the brake horsepower (b.h.p.) applied by electric motors to machinery 

and that applied by steam engines, shafting etc. The problem arises 

from the fact tnat in the early days particularly, group, rather than 

Individual electric drive was used. Electric motors were usually used 

to drive a section of shafting which drove soverai machines. As electric 

motors became cheaper they were used more and more to give individual 

drive* But up to 1914 fractional horse power electric motors were 

generally jauch too expensive, and at least up to 1905 sizes below 10 h»p* 

were rarely used*

Despite this difficulty I have attempted to measure 

electrification. 2fy measure tokos the aggregate horse power of electric 

motors used and compares this with the total amount of power of all types* 

Total power is derived fran the total engine power less an amount used 

to drive dynamos, plus an estimate of electric motors driven by those 

dynamos, plus an estimate of motors driven by electricity purchased from 

outside. Power applied electrically includes group drive and individual 

drive indiscriminately. Thus the tendency towards individual drive which
•

indicates a greater degree of electrification, is not revealed*
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In 1900 the proportion of active power ap lied electrically oust 

have been almost negligible. By 190? something like one ninth of the 

motor power applied in mining and manufacturing was driven electrically. 

Five years lator it had probably risen to about a quarter* Electrification
<

of factories continued, and by 1924 about half the motive power used was 

electrically applied; Such figures cannot be precise, especially for 

19C7f when they have to be constructed from partial figures of electricity 

generated by factories, and from probably incomplete figures of motor 

connections to public supply stations, and for 1912, when the Census was 

only partial. Also for all three years figures are only available of 

engine power installed in factories and this will differ from motor power 

applied to machines, because of transmission losses and diversity. These 

two would offset each other, and it has been assumed for Table 54 • 

that they simply cancel out. There is, however, no evidence to suggest 

that this is, or is not, the correct assumption to make. Thus margins 

of possible error are high. An attempt has been made to suggest likely 

percentage errors*

A striking result of these calculations is that the total amount 

of power applied in non-electrical ways, mainly through mechanical 

methods like belting, and shafting, does not rise between 193? and 1924* 

This does not mean that the growth segment was filled by the introduction 

of electric motors. Between 190? and 1924 most of the non-electric 

power transmission would have had to be replaced if electricity had not 

existed. W. lloff-ann presents evidence suggesting that this type of
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1
plant hod a life of about 20 years. Unfortunately wo do not know

when the 190? powor equipment of industry was installed. It is 

however possible to arrive at somo idea of how much might have been 

scrapped between 1907 &n& 1912 and 1?24« Lot us assume that all the 

equipment in 19C7 had been installed since 168? t and furthermore that

the timing of its installation follows the pattern of Cairaorosa'a
2

"value of 'machinery1 retained for home use" series* This can be

applied to non electric power to inquire how ouch of the 1907 plant 

still existed in 1912 and 1924 with an assumed 20 year life. For 

electric motors it is adequate to assuaie that half of the 1907 motors 

were installed before 19Q5» Many objections can easily be made against

such calculations; but for what they are worth they suggest that just
3 4

over half the new power plant installed, measured by horse power at

tho machine driven, was electrical. The calculation assumes that the 

length of life of plant was not affected by tho introduction of the new 

electrical methods; this is theoretically indefensible, and allowance 

for it, were this possible, would reduce the proportion of electrical 

plant in the total of new plant installed.

1. VT. Hof fznon, British Industry 17CO-1950* Translated by Henderson A 
Chaloner, Oxford I<b5, PP 162-9.

2. A.K. Cairncross, rlnme and Pore im Investment 
Cambridge 1953. 'i'ablo 37 • ?

3. For 1907-12 it is 5% for 1907-24 it is

4. New power plant in this sense includes replacements
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The above calculation does suggest that electric power 

transmission methods by about 190? had gained something like a 

share of the power equipment business* and that this did not change 

much between 1907 and 1924* Thus it seems to have been the case that 

there was a sharp change in the relative attractiveness of electrical

and mechanical power transmission systems between roughly 1902 and 1907*
1 

The degree of electrification differs with industrial groups,

end was low for some of the most important ones. In 1907 BOO* 30/i of

motor power was in mines and quarries, where the percentage of motor*
2 

powered electrically was only 5» Another 25$ was in textiles, where

only J$ of the motors were electrically powered. Iron and steel, the 

third largest power user among the major Census groups (20/J of the 

total), bad 12>o of its motors powered electrically - that is roughly 

the national average* At the other end of the scale, marine engineering 

and shipbuilding hod 55/v and general end electrical engineering had 

of their motive power applied electrically. But they accounted for
»

only 2 and 5/i respectively of the power used.

1. On the Census of Production classification.

2. The general basis of calculation is as for tho aggregate in 
Table 54 except that the fibres for motors driven by 
electricity purchased from outsido have had to be allocated 
to industrial groups in a way which can slightly increase 
margins of error. 
See Appendix, where the full figures for all groups also appear.
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1 
This pattern persists. In 1912 y^o of total power in industry

waa in mines and quarries; only 19,* of that was electric* Textiles 

took. another 2?/i of industrial power with only 9/« of its motors 

powered electrically. Iron and stoel accounted for another 22/« of 

total power, but had only 22JJ of its motors driven by electricity* 

Again marine engineering and shipbuilding, and general and electrical 

engineering had 89^ and 72/5 of motors driven by electricity with 

only 2 and 6/2 respectively of total power* In 1924 the two 

industrial groups with a degree of electrification or power well 

below the national average were mines and quarries, and textiles*
»

They accounted for 2?/j and 18/5 respectively of total power and had 

only U$ and 26>i of their motors driven by electricity* Yet by 

then three groups had more than 90/J of their motors electrically
.*

powered, marine engineering and shipbuilding, general and electrical 

engineering! and cycles, motors and railway wagons* But only 

12»5,j of the power equipment of industry was in these groups. 

It is appropriate at this stat o to inquire into the 

circumstances in which it was economically desirable to install 

electrical rather than mechanical power transmission* As the task 

performed, providing turning power, was similar in both coses one can 

concentrate on asking what resources, if any, were saved by adopting 

electricity*

1* For 1912 this refers to establishments employing more than 5 persons*
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IRiming paver has a vast variety of applications! for 

example driving looms, lathes, coal cutters, steel rolling mills, 

cranes and rivet ting machines* In all these the relative advantage 

of electricity will differ* The information needed to go into 

details of multitudinous applications of electricity is very great, 

and all that is possible within the scope of this work is to make 

come general points.

Indeed, to do the work in details would require an inquiry 

into production methods which is impossible now, and would have been * 

very large task then, as necessary records of actual production 

methods were not generally kept, and studies of possible onos were 

not generally made* and certainly not disclosed* British manufacturers 

were secretive about the results of electric driving as they were 

about most matters where openness might reveal the cost of production* 

One example will suffice* In the early days of cotton mill 

electrification it was said that owners of electrified mills were very 

loth to moke known the results fearing that their competitors would 

gain* The Electrical .RovicsT made tho following coiaaent in 1899

".... There is no lack of infomation on the results of applying 
(electric) motors to machine driving, but unfortunately each of 
it is in a fugitive form and the ordinary engineer who sets out 
to give details of tho advantages and disadvantages of electric 
motors, must have a special gift of research; and moreover, in 
dealing v;ith the super abundance of materials that will 
eventually bo discovered he must exorcise naich perspicacity 
and discrimination in order to arrive at correct results ••» 
In cpito of tho accumulated experience that exists on the 
subject of machine driving it is notable how few are the 
conclusions ono may draft from it".

1. B.R. Vol. 45, K> U - 2. 14 July ]fl99.
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As the leader went on to point out, published information was deficient* 

That given in papers to engineering societies was too vagiej that 

given by manufacturers of electrical plant was often conflicting*

The first element of cost to be considered, and perhaps 

significantly the main one to be considered by British power usera, 

waa the cost of the power itself*

Among the various power uses there wore sooe where the 

relative advantage (which might be negative) of electrical compared 

with mechanical methods of power transmission was greater* Firstly* 

there was the situation whore power had to be applied in several 

scattered points in a works, in fairly small quantities, that is 

small in relation to the minimum efficient size of steam engines* 

If steam methods alone were used three alternatives were possible* 

One engine could be used with long lengths of shafting; but losses hers 

could be very high, especially where the density of motors along the 

shafting was low* One boiler could be used connected to a number of 

engines by long steam pipes; but heat losses in the pipes could bo 

high and aqg>H engines were thermally inefficient end had a high 

initial cost per h*p* The third method was to use a largo number 

of engines and boilers; again they were thezxaally inefficient, 

capital coats per horse power wore high and the coat of labour in 

fuelling boilers large* In these cases electricity offered advantages

from as early as the nineties* Generation could be centralised*
•

transmission losses wore lower than with long lengths of shafting or
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long steam pipes. Small electric motors were cheaper in the first cost 
and maintenance than small steam engines*

Svcn in tho nineties electricity was not the only alternative 
to steam methods. There was the gas engine introduced in the 1870s.

early as tho early eighties both Sir Frederick Brararell end Fleeming
1 Jenkin thought that it would fairly soon replace the steam engine.

But in the 19th century gas engines were very small* Not until 1896
2 

was one of 220 h.p« built. Thus in the nineties it only competed
with small isolated steam engines. But first cost was high and lower 
running costs were probably largely absorbed in higher maintenance costs* 
The big gas engines of the years 1900 - 14 were not alternatives to electrio 
driving but alternatives to steam engines to drive dynamos or shafts* 
In fact with their high speeds and poor low speed torque they were 
peculiarly suited to driving dynamos* Compressed air was also coming 
into use in the nineties* It was particularly suitable for operations 
like rivet ting and drilling, but was a less simple method of conveying 
paver than electricity. Compressed air tubes were generally not as 
convenient, efficient and cheap as electric cable. For rotating plant 
electricity was better.

Secondly as an extension to the first point electrio power 
transmission was relatively more advantageous where connection to *

!• J.H. Clapham, op.cit* Vol. 3, P 

2. ibid.
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central power sup ly woo difficult* Travelling cranes are a good 

example* Before electric power they were virtually obliged to have 

their own boiler and steam enrine. Also stationary hoists etc. were 

difficult to connect up to shafting because of frequent stopping and 

stnrting. Hero hydraulic plant was frequently used. But it usually 

involved a separate power unit which was relatively expensive. Similarly 

variable speed tools and machinery could not be connected simply to 

shafting* Gears and clutches were expensive to maintain and much power 

could be lost in them*

Thirdly, in any single factory, electricity was relatively 

advantageousi not only where jrorticular tyr^s of pa.vor application were 

needed but where several types of power were needed under the same roof* 

For electricity could cope with lifting and turning at constant and 

variable speeds* Other forms of power mignt fce t'd useful for particular 

operations but had not the same range of usefulness* This range of 

usefulness meant that pov;er generation could be centralised with 

consequent economies.

Fourthly, electric paver was at a relative advantage where 

power was used intermittently* Whoro machines are being switched on and 

off during the workiqg day it is extremely unlikely that all the machines 

would bo switched on and off together* Thus the amount of prime moving 

and generating plant needed v:as less than the total horse power of motors 

powered. How much loss depended on proportion of the working day when 

machines were actually running, the loss function to be attached to not



271

being able to provide enough power for the machines, the overload
1 

characteristics of the prime moving and generating plant, and the

correlation between the time of use of the various machines. This 

diversity varied with different industries* It was low in textiles

where machinery was used continously during the day only, and quite
2 

high in engineering where machines were used intermittently* H. McColl

that in engineering works it was usually found that 

generating plant equal to 50 - 60/o of the aggregate nuMrim^ power of 

each machine was sufficient. This saving of power plant because of 

diversity applies to any centralised power generation system, 

mechanical as well as electrical. ' But diversity would rise as the 

number of machines connected rose, especially as machines of different 

types and with different patterns of use were connected. Thus
f

diversity was generally greater with electricity* Also isolated steam 

engines driving single machines if used only intermittently were very 

wasteful of fuel, and by definition had zero diversity.
»

Compared v/ith these types of power requirements electricity 

was at no relative advantage where power was required to drive machinery 

all grouped together and all requiring the same type of power. For

1. Prime moving and generating olant can be built to give, within 
limits, given overload capacities for varying lengths of time*

2. During the discussion on J.P.C. Shell's paper on the Application 
of Electricity to Industrinl purposes to the Korth East Coast 
Institution of Shipbuilders & Engineers, 24 February 19Q5. 
Proceedings. Vol. 21 PP ]£3 - 1?6 and 239 - 250.
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example, in a cotton mill all the machinery was grouped together* 

Shafting could be used to its best advantage as shafts did not need 

to be long, and the density of machines per foot of shafting was high* 

Nearly all machinery was used continuously. All the machinery required 

constant speed rotating power* Thus a central and efficient prims 

mover could be used*

Textile factories had conditions particularly suited to 

driving by central engine and shafting and it is thus not surprising 

that in such factories this system was best developed* Will owners 

and managers had paid groat attention to their power equipment* Their 

prime moving plant was more economical on the average than that of any 

other branch oi' industry* Steam engines wore often specially designed

for a particular mill. One of tho important external economies of tht/
cotton textile industry in S*E. Lancashire was the existence of well 

developed engineering firms skilled in providing for their needs*

"Probably in no other branch of industry, considered as a whole, 
will there be found such well designed and carefully built engines 
and such smooth running shafting as is the case in tho cotton mills ••• 
*.. until the adoption of electrical transmission of power in 
recent years (in other trades) ••• the cotton mill was infinitely 
better equipped as regards its power installation than was tho 
average engineering shop or shipyard" J

This was despite the fact that it was in the saaie engineering 

shops and shipyards that engines and power equipment were built* 

Matthew's statement was not likely to be contradicted; it seems to have 

been the generally held view.

F.S.A. Katthewa, Lancashire Mills and Electric Driving, 
Supplement to the £.R. Vol. 63, tf? 551 ff .
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It was primarily in the engineering trades that power was used 

intermittently in a scattered a;.d/or varying way. There, there were 

chances or reducing power coats even in the nineties when electric 

driving was still in the development stage and the first cost of 

electric motors high. Perhaps the earliest industrial application 

of electricity was to cranes. As early as 1833 the engineering firm of 

Easton and Anderson adopted an electric travelling crane in their foundry* 

As they were also using a steam crane they were able to compare the two, 

and camo to the conclusion that electricity wa« both cheaper and more 

satisfactory. No exact cost comparison had been made but it was said 

that fuel costs hod been reduced to between a quarter and a third of the 

steam crane, that labour costs were also less because there was no need

for a stoker to start work 1$ hours early to raise steam* and maintenance
1 

was also reduced.

Electricity also spread to other uses where transmission by 

existing methods was difficult. Shipbuilders were quick to use it* 

In the late nineties several yards, particularly on the Tyne, installed 

electric power. Significantly when Charles ilera was considering the 

application of electricity for industrial purposes on the Tyne in 1900 - 01

he was particularly anxious to use a system which would appeal to ship-
2 

builders.

1, K.V/. Anderoon, Motes _oa Electric Cranes., to Section G of the 
British Association/ 21 September 1LJ96. 
B.R. Vol. 39,

2, See Chapter 4 EV 137 • Also Neptune Bank used marine engines partly 
to help in inducing shipbuilders to buy electric power from 
N.E.S. Co.
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Shipbuilders had scattered and variable power uses* Mere argued that

the adoption of electric driving by Tyne shipyards resulted in a 40/o
1 

saving over tho old steam driving.

In the coal mines power uses varied between those typical of 

textiles and those typical of engineering. Underground power require* 

nonts were scattered. Smll units were needed for pumping, haulage 

and coal cutting* Pumping was often done by engines fed by steam from 

the surface* Haulage was effected either by engines again fed from the 

surface or by horses. Coal cutting machines were very little used but 

were very suitable for electric driving. On the surface there were often 

scattered power units for screening, repair shops, and also large 

economical engines for v/inding and ventilation. It was unlikely that 

electricity would be economical where large engines were already used* 

But for the various scattered applications it was comparatively better 

placed* For haulage it should havo had something like the advantage 

of lower motive power costs over pit ponies that the electric tram had 

over tho horse tram.

V/hero electricity could reduce actual power costs by reducing
X'

the cost of transmitting power over a given distance it would produce 

two principal types of saving* Fuel costs per unit of work applied to

1* Select Committee of the House of Lords on the Administrative 
County of London and District Electric Power. Bill 1905* QU.
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the machinery could bo less if an electric transmission system hod a 

higher efficiency than a system of shafts and belts., or if an electric 

transmission system was installed instead of a set of small scattered 

engines , as small scattered engineo had a relatively low thermal 

efficiency. Also the capital costs per unit of work applied to the

machinery would bo less* A higher transmission efficiency would roduoe
1 

the capacity of prime moving equipment for a given power applied to

machinery* Creator diversity would do the came. If the capital 

cost of an electrical system wcro leua than the c^l of a mechanical 

system the cost of a given capacity would fall* The same result would 

obtain if a central pov/er unit replaced a series of scattered ones, as 

the latter had a relatively hi^h first cost per h.p.

, The reduction of fual costs and the reduction of capital ooata
;

by reducing the prime mover capacity required was possible in some 

engineering factories, but was much more difficult in the largest of tha 

factory trades, textiles, primarily because of the technique of 

production* The effect of the nature of the power requirements on the 

rate of adoption of electric driving in the textile industry was • 

illustrated by contemporaries by the more rapid adoption of electricity 

by bleach arid print works than by mills* F.3.A. Matthews argued that it 

was "not on account of any hostility on the part of the owners* that in 

19C7 there was littlo use of electric driving in Lancashire mills* This

was clearly sham, hs went on to argue, by tho fact that electric trans-
< 

mission was adopted first in bleach works and print works, where "conditions

different from those obtaining in tho spinning mills and weaving

1* Used here to mean rato of doing work Jj where w « work and t • time*xxtr
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sheds in GO much as in those works a largo number of auxiliary engines 

is required, and these being not so centrally situated as is the engine

of a spinning mill, great economy in transmission could be shown by the
1 

adoption of the electric drive".

There is not really any evidence on the relative capital 

costs of electric and mechanical power transmission equipments* But 

before the big fall in the price of electric motors 1901 * 05 electric 

motors wore notorious for their high fir-t coat.. It was said in 

mitigation of this that electric motors had lower maintenance coots 

than shafting, but one cannot be suro that the comparison was not being 

made between new motors and somewhat elderly shafting* It seems almost 

certain that up to about 1901 the capital costs of electric transmission 

systems per unit of prime moving capacity were on the average above those 

of mechanical systems* By 19C5 there was probably little difference 

between the two and electrical plant prices fell relatively, although 

at a slower rate than froa 19C1 - 05, from 1905 - 14.

One con say more about fuel costs, largely because this was 

what engineers were most concerned about* Even hore tho evidence is 

somewhat less than might be desired, primarily because of the lack of 

data about mechanical driving* Lieasure^onts of power and work are not 

too difficult with electrical methods as fairly good measuring instruments 

were soon devised* But there were no such good instruments for measuring 

the work done at various parts of a sot of shafting and belting.

1. P.S*A. Matthews, op.cit.
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The thermal efficiency of electric power transmission was
1 

fairly constant for most applications. But it varies with the time
»

the system was at varying percentages of full load. At full load it
2 

would be about 80/i but at half load it could easily be as low as

In the early and middle nineties it was lower, perhaps 10$ less.

The efficiency of mechanical transmission varied a great deal.

If. Geipcl summarised the available evidence for the British Association
3

in 1898. In 1394 Profcsuor Kennedy had estimated the losa in shafting

at 22$» Crcmpton ^ave it at 32,». These wer^ overall averages. Sir 

Thomas Richardson at his own works found losses of between 25/i find 70/j
*•

with a weighted averse of 1+5; j. Messrs . Fumesa West garth and Company's 

engine works at Middlesbrough had an average loss of 5Q*» At the Bristol 

Waggon Works the loss had varied between 22 and 57$« In several factories 

in Cleveland, Ohio, C«K, Benjamin found the loss to vary between 50/£ and

!• This is a rough and ready statement. Efficiency would for example 
be affected by the length of cables used, or by the cross section 
of cables. Cables could bo designed for varying losses in
transmission. *

2« Allowing 7/9 loss in the dynamos, 2,0 in the cables and I2/£ in the 
motors*

3* Klectric po'i7cr find its application on tho three phase system to 
the Bristol Warrr/on and_CarrlRfte_ Works, Paper to Section G» 
12 September Kf9B. 
B.R. Vol. 43» PP W7 - 9. 16 September 1898*
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On the average electricity was thus not a great fuel saver* 

In textiles it is unlikely that on the average electric transmission

saved any fuel at all. In 190? a paper was read to the Manchester
1 

section of the !•£•£• suggesting that for a mill using 100,000 spindles

3 phase electric power was slightly cheaper than mechanical power - 

O.W5& per &7h against O.J*45» ?or smaller mills the author thought 

mechanical working was cheaper, and the comparative advantage of 

electricity increased with the size of the mill* But his figures wera 

challenged in the discussion, and it seems likely that the margin of 

error was as large as the difference in cost* A 100,000 spindle «**!

was a big one. In 19H the average mill had 60,000 spindles, but
2 

recently built ones were above the average*

In coal mining, an important example because of the size of the 

industry, the very low opportunity coot of coal meant that when fuel could 

be saved, the value of the saving was small*

In engineering where fuel might havd been saved the saving 

could rarely have been sufficient in the nineties for it to be worth 

replacing mechanical drive with electrical drive. If we compare eleotrio 

power with 70/o efficiency with ccchanical power v/ith 5Qr> efficiency tha 

reduction in the coal bill would give a gross return on investment of

perhaps between 2-^/u and 8/i, with the average nearer 2? than 8, on the
3

initial cost of the new equipment* In the years 1901 * QJ tha cost

of electric motor equipments halved and thus the rate of return would

1. E.R. Vol. 61, P 10C6. 20 December 1907.

2. J.H. Claphaai, op.cit.. Vol. J, P 1?6. 

On P. 279-
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3, This calculation is intended to show the orders of magnitude involved* 
1 Efficient reciprocating stcaia engines used about 3 Ibs. por i.h.p for 
average condition in the nineties. Coal in the factory .bunkers cost 
between £0,5 - £1»0 per ton - usually nearer to £0*5 • Assuming 90/S 
engine efficiency, 50/* efficiency in mechanical transmission and 70/5 
in electrical transmission, the cost of fuol per brake horse power hour is •

i •
Coal Cost per ton . • Electrical llcchanical Difference

£1.0

£0.5

•
0.533d

0.259d

*

0.712d

0.356

^ 0.204.
0.097

Factory motors ran between ICOO and 15 CO hours per year on the average • 
Thus tho saving p.a. per b.h»p. used was

4

Hours used per year Coal cost per ton

' " £1.0 . £0.5

; - loco 2QW. 9?a.'
1500 . 306d. 14&3U

initial cost per b.h.p. of rin electric motor transmission outfit 
depended on the si^e of motors used. Sizes below 10 h.p* were very 
costly and for general factory power fir^s would rarefy go below this 
sine, a,t least up to about 1905* in 1395 A.E.G. were selling 10 h.p. 
motors at about £8 per h.p. The prico por h.p. declined up to about 
50 h.p. v;hen it reached £^ and thereafter remained constant. This is 
for d.c. motors; a.c. raotors \7cre still in their infancy and although 
tho 10 h.p. size v/as again about £8 they did not fall below £? aa tho 
size rose. Let us talca 10 h.p.j bigger motors were used, but 
frequently to drive sinall pieces of sliafting. Dynamos being bigger, 
wore cheaper per h.p., say an electric power transmission system, 
assuming the same steaa engine could be used, would cost about £16 
per h.p. in 1895. This is a minimum as the cost of erection has not 
been included.

Thus we con calculate the gross return, before depreciation, p»a« on
replacement of shafting by electric motors. i /
Hours used per year Coal cost per ton.

£1.0

1000 5.3
8.0

£0.5

2.5
3.8
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be doubled. Aa depreciation on this type of plant was about 5/» 

then it is a barely adequate return on the average.

A comparison of a centralised electric drive with a number of 

scattered ateorn engines brings out the same point. In 1898 W. Mavor 

of Mavor and Couloon, a Glasgow f ir/n, one of the pioneers of electric 

motor driving, sent a questionnaire to manufacturers in an attempt to get 

better information. The replies he' got were admittedly incomplete but
i

sufficiently good for him to be able to divide firms into two groups. 

One was Mils and srnilar establishments where one or two efficient 

engines were used. The other was where power was derived from a number

of small steam engines. On the average the first group used 3*1 !!»• of
1 

coal per i.h.p, hour, .the second 5*3 ^s « In the former case no fuel

saving could be expected f rosi electrification. Electrification could 

improve the second group until the same amount of fuel was used as in the 

firct. The value of this fuel saving was slightly leas than that in

the earlier examples of mechanical and electrical driving and thus the
2 

return on investment less.

1. Both avcr&£cs are weighted by the amount of power used.

2« If a central engine v;as used v/ith electric power transmission using 
J.I Ibs. coal per i.h.p, hour then assuming 90, j engine efficiency and 
70/0 efficiency in trononis&ion, 4*9 IDS. coal would bo used par b.h.p* 
h^ur applied . Scattered engines using 5.3 Ibs. per i,h,p, hour 
applied direct, assuming 90/i> engine efficiency, would use 5»9 Ibs. 
por b.h.p. hour employed.

*

Costs per b*h.p. hour (d«)

Coal cost per ton* Electrical Scattered steam engines Difference. 

£1. .526 .631 .105 

£0.5
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Fuel pi? year (d. ) of electrical method por h,p«

per ton*

por £1

1000 US 52m 78
on I&wor1 a tho electrical como out at 

a smaller figure in tho previous notes. The arguciant uaed 
there applies a
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Thus up to the big fall in motor prices of 1901 * Q5 there 

was little reason on tho average to convert to electric driving to 

save fuel* But the dispersion of fuel coats of steam plant was 

very large. Havor found instances of extremely wasteful engines. 

Soms he found were using 53 * 180 Ibs. of steam per i.h.p. hour, even 

in factories where other engines were working at the very economical 

rate of 14 Ibs. Many of those engines were very old, often 20 years 

old. They could, he thought^ "be profitably replaced by electricity• 

Bit it is likely that it would have boon profitable to replace them 

by up to date steam engines* There is seme truth for the nineties

in the contention of G.T, Duncan provoked by a paper on electrical
1 

power transirdssion in 1895

"In papers of this sort comparisons have only been mode with steam 
engines, which in *nost ca&co ore apparantly of ancient design and 
const ruction .and ill adapted to the work in which they were 
engaged during the tcL>ts, thus showing an abnormal and unreliable 
coal-consumption ... v/hile on tho other hand the electric plant 
has been of modern construction ..•

Also in'the nineties it would be worth replacing mechanical 

with electrical plant to save fuel if tha engines were very small, or 

tho shafting was very lon^ or transmission very difficult*

In the case of equipping new factories, electric driving was 

more likely to be adopted. But for a large number of applications for
.

much of the nineties the fuel saving was slight, often not enough to 

offset the higher capital costs of an electrical system* Throughout the

1. W.C. fountain. DOSJ.MI and ElTicieno^ of Plant for the Transmission 
of pov/er by elect ricio.y^ Paper to the North 4aat Coast Institution 
of Engineers and Shipbuilders, 15 January 1895* Proceedings Vol. 11 
PP 113-32, 347-63, 1B7»-

2* Conniinicated remarks of G.T. iXmcan, ibicE.^ FP 161-62.
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nineties the capital costs of an electrical system fell slowly relative 

to the capital costs of mechanical systems, thus changing the position 

from that of the midc'le nineties v;hen adoption of electric rather than 

mechanical driving very rarely reduced power costs, to that of the late 

, nineties v/ben it only occasionally reduced parer coats.

After 19C5 tho position 7/as substantially changed* It was 

much core likely to be vrorth replacing existing mechanical plant, and 

thus a fortiori installing electrical plant in new factories* The 

deterrent of hi^h capital costs ivas general^ removed* In the typical 

engineering shop tho balonce aeeas to have been firmly tipped in favour 

of electric driving. But in textile mills it was still an open question* 

Also ths reduction of motor prices brought power within the reach of 

small Y/orkahops who had hitherto used no power at all, and aaall
/

factories v/hich had used very little* Clapha/a notes the much more rapid 

rise in tho number of factories than workshops. The distinction is made 

according to v/hother power was used or not* The nuabar of the former, 

using poorer ̂ roso by 25/J from 1901 - 1913* and the latter, not using

power, by 13,t* From 1395 to 1913 the former had risen 22% and the
1 

latter 32^*

By the nineties the reciprocating steam engine was near the 

limits of its potentialities, From about 19^7 ~ 10 onwards two new 

economical primo movers came to be used in factories, the steam turbine 

and the internal combustion engine. However they stimulated the uae of
/

1. J.H. Clapham, op*cit«. P 194*
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electricity, for they operated best at a high speed and for use with
*

mechanical transmission would have needed gearing. Electric trans-
1 

mission automatically met this need, and met it much better where

large powers were involved. It reduced the amount of electricity 

which might have been bought from public utilities, but to confuse 

buying electricity with using it is a mistake of the first order.

To consider power costs alone is quite inadequate* It can 

indeed be argued that they were of minor importance* Other resourced 

could be saved because the use of electrical methods could increase 

output without increasing inputs, or more generally because it did not 

increase the cost of all inputs proportionately as much as the 

value of output rose.

The simplest way in which this could happen was by increasing
*

the physical output from existing machines, or the value of output* 

This could occur because of more accurate control of machinery. One 

such application was the use of electricity on the Ward-Leonard 

principle to control very large motors. In this way the stopping, 

storting and speed of large machinery could be much more accurately

!• The principle behind the diesol electric locomotive is that 
electricity is used to provide the transmission instead of 
gears and clutches, as in a diosel bus or lorry. Electricity 
can much bettor deal with large powers than gears and clutches* 
Another illustration comes from ships where turbo-eleotrio 
power was experimented with rather than geared turbines.

i
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coutroilcxi thfcu i£ tiit-y woixi driver* dlroctty cy ^teasa

sots v.ci'o u^sd to drlvo steel mills said, other uimil&r 

•'.' vox> houvy r^iittfiry. tijallar fcu* still fairly lar^o 

tools cuuid uc Ji:ro accura^a!^ coiAroilwi, by tho 

to the motor, IT olcctric nutjrs rrviherr t;wift otoau or gas 

wero uavd. Thuo spoilu^-, of products v^jia reduced and tho valoo of 

output raised* Tho oloclrio uctor Jwl & i'-^o ovorload capacity ond 

ccruld Cop$ yacU better ts^r» atoaiu c>r //.i^ oa&ines with tho 

udil«t} i*i.r&i<ta i,av«*iu»3l by lax\-/: auad'tlno tooia. l^"cr thio

tine mnehi;>:a cc.uid bo t*p^otUKl up aft3/ar the rato o* spoi
»

reduced. It W/& iii^niTicaiit tiv.t vvhort^ oicctrio aoton» wore UOG&

in tho oftxl^ <i.iyi c\ tirj lat^ nineties it twts ^lioro h^fevy Intermittent

tho ,wtoi^, ^rie Ulo.ctricif^n ooisitentcd in

that n>:-^.iera h,«.ui ol^trlc driving bean ao exlawiVQl^- arxi

lu Lhd shipbuilding yard;, of the North £.>:»t

Probebly, it continued, no cif^ oi' ^.ciiii^ tooJU thru^a heavier

trying &lrrdr# upcxn tb« driving -ol^int than tho lwr#e rolls, plato
2 

bonding ^oohinoa &na w^dl pl&n&ra u^cd iivajch waito. Xhio was largely

e of tho contribution of olecrtricity to raising outvwt. At 

Sir Tiia'JOfl ^icharOioofa *»nd Son^1 oi^ins worica et T£<S3t Ilaniopool output

1* A. iVord-rconard aet is f- Cv-vi^inatioa of prloo aiover,
atid oloctrio ootor. ri']i0 pc^vcr exerted by tho olootrio laotor 
le. /pvonvMi uy ro^i' latino tiia quite asud?. curronta used in the 
field coila oi' the generator* Thud delicate control of lor&e power

2. Electrician. Vol. 40, PP 8$3»9. 22 April 1Q98.
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roso by 2tyy as a result of the introduction of 3 phase electrio driving*

Merz argued that the output of Tyno shipbuilders had risen because of the
1 

adoption of electric power.

3 phase electric motors maintain an almost constant speed 

under varying loads* Their speed variation was much less than that of 

shafting and belting under similar conditions* J.I*1 . Crowley made a 

study of this in the case of textile machinery* His results are in 

Table 55 below*

Table. 55- 

Speed variations in textile machinery*

Typo of machine Maximum speed range *
as ; j of mean speed*

Spinning
J£ule Countershaft

mechanical drive 25 
individual electric drive d*c. 17 
individual electric drive a.c. 6

Ring doubling
mechanical drive 6
after conversion to individual
electric drive 0*5

Weaving
Loom Shaft line near belt drive) 9

middle of shaft) 12
end of shaft) 16.5
group electric drive) 6

Loom (individual electric drive) 2

Source* J.F. Crov/ley, Paper to the Congress of'the Textile Institute* 
13 September 1912. 
_S.R. Vol. 71, P 454. 20 September 1912.

1. Select Coi.uaittee of the Houtie of Lords on Administrative County 
of London and District Electrio Power Bill 1905. Q 12.
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The reduction in speed variation, it is shown, depends not only on 

electrification but on the degree of sub division of the electric drive. 

A more even speed of driving reduced the number of times the thread 

broke, and thus increased the rate of output of the machine. In 19Cg

it was said that output could be increased by up to lyo in weaving and 

up to 8^> in spinning by adopting electric driving. In 190|. B.J. Williams 

reported on a study of the use of electricity in hosiery manufacturing. 

He argued that the loss in cloth due to the poor speed regulation of the 

steam engines usually driving power frames was very considerable •

Electric driving would eliminate this, which he thought was of the order
2 

of 25 -

If variable speed power was required electrical driving also 

offered the advantage that the speed of the machine could be divorced 

from the speed of othor machines in a way which was more difficult with 

belting and shafting. Hence machine operators wore no longer restricted 

by the speed of the shafting, and output could rise.

In all those cases capital and labour would be saved per unit 

of output. Sometimes raw materials would also be saved. If the ratio 

of capital to labour remained constant the proportionate savings in labour 

and capital could be the same. But ease of operation of machines might 

lead to a fall in this ratio, thus saving relatively more labour.

1. Electricity in rills. Leader in tho B.R.. Vol. 56* 10 February IJCg, 
based on papers read by H.V,r . V/ilson to the Ilanchester section of 
the 1.2.3. 1? January 1905 and by Uoodhouoo at Leeds, December 19C4*

2. Electricity in tho Hosiery f.'anufactiirin«r Trade. 
E.K. Vol. 55, P* 324 - 5. 26
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There are also cases v/hero outjput could be increased by the 

application of electric power whoro power had not hitherto been applied

because of high cost* This was the case in small light industries
1 

where the establishment was very small, and also in coal mining* Both
«

were heavily labour intensive and thus the main resource to be saved was 

labour* Coal mining is particularly important in this context because 

of its importance in the economy and ac a power user.

In coal mining one might have expected that output and labour 

productivity might have been increased by the use of electricity under* 

ground, principally for coal cutting, pumping and haulage* It would seem 

to have been an improvement on what power was used underground* Haulage 

and pumping v/erc sometimes effected by steam engines fed with steam by 

long pipes from the surface* Mechanical coal cutters were used in the
/

nineties driven by compressed air. Compressed air transmission under­ 

ground was difficult and often not satisfactory* The electric coal 

cutter became more popular* In 1512, 59/<> of the coal mined by coal 

cutters was mined by electrically driven ones.

But coal cutters were very rare in British mines right up to

1912. In that year only 7»7/^ of the coal raised v/as /uined by coal
2 

cutters* This is incidentally one of the reasons for the slow adoption

of electricity in the mines* Had half the coal output of 1912 been mined 

by cutter half as ouch electric power again would have been used* Also

1. See Clopham, op.ciW Vol. 3, PP 193 - 5

2. E*R* Vol. 731 P 597. 10 October 1913*
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cool cuttorc v,wo ejected ty sooo to provide an entraoo for electric
1 

power in to the dines, ieociing eventually to ita wider use* In the

cvcntf in 1912> coal cutters* (included under portable* machinery in 

Table 56 ) wore relatively unia$>orfcmt«

Table* 

Electrical h«p« uocd in British coal ainoa in 1912.

COO h*p. jl of total.

Surface YiindLing 23.9 4*7
Ventilation 30.9 6.0

c. 1 ' •* * ̂•^ ^^™ ̂^

Coal Washing 45t6 8.$
Hi&cellanoou3 72.0

Underground Jiculf^-c 1^0*0 23.4
20.2 

Portable ar.Ciiineiw 31.0 6.1

Total

Sourcei B.R. Vol* 73f P Q*. 14 liovciabor

aloe? cdoption of tu ? cod cuttor hno boon invcoti^ated 
2 

by A. J* Tcylor* He or^tioc tliet although cool cuttora existed bof ore

1030f cocpori^onta wita corly cuttcra wore diacourc^lng. At f irot 

air woa tho favoured method of driving them but

1« For oxo&plo by Chariot Lora* Uec hia J^o ; ?ort_ t o K » ^ , 3 , Co» , 
pUtx^, to j! ? ^«o,_ Co^o northern oro;jS» 21 Doocaibor IJOJ, 
Coriiol Hcuoo ft 1™

ĉ ^^
^^ A»^» <J-^>'lor- "Coivjfflio Hiotory "

ctorioa, Vol". 14 *>o. 1. /iucuot
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was difficult. Electricity was disliked by colliery managers and also 

by mine inspectors* at loast until tho 19C4 Homo Office Department 

Committee investigated electricity in the mines. Also it oust be 

added that up to this period electrical engineers had done little to 

develop motors for cool cutters. As has been pointed out their general 

attitude to electric power was passive. Particularly relevant was their 

failure to develop 3 phase pov/er, for the 3 phase motor had no corcutator

and thus did not spark* As late as the end of 1903 there were only
1 

2 British 3 phase coal cutters. Taylor argues that there is not

enough evidence for one to say that the coal cut tor certainly reduced 

costs or increased output (either in quantity or quality) sufficiently 

to be worth adopting it. The main reason for it a adoption he argues, 

is that it could make the mining of very thin seams possible* He
i

quotes with approval the statement of the official spokesman of the 

mine owners before the Samuel Commission in 1925 - "Generally speaking 

the saving in labour charges at the face is absorbed by the capital 

charges and the running costs of the machine •"

This argument that increases in labour productivity were often 

not sufficient to make the adoption of power worth while is explained 

by Taylor by the abundance of labour supplies* This argument can work 

in two ways* One is that in the long run, that is over a period longer

!• The "Kurd" manufactured by Havor & Coulson and the "Diamond"
manufactured by GV'*.C. C.H. Mers Itoport_ on.supply to N.K.3. Cg* 
Northern area (Northumberland Coalfield) 21 Ueoeiabor
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than the wage cycle, the elasticity of supply of labour was so hij;h that 

wage costs per ton mined did not riso, and thus the rise in the demand 

for coal led to little mechanisation* The othor is that the working Qf 

the wages cycle was an additional dampening factor*

Tho following chart presents an index of wage costs. This 

is simply an index of miners' wages divided by an index of tons mined 

per man employed* Thus it relates to all the operations of the coal 

mine and not simply to underground ones. The index shows an upward 

trend but wage costs do not riso sharply until after 1906* Looking
%

at the picture up to then there would have been no reason for mine 

owners and managers to suspect that v/ago costs were turning sharply 

against them docpito the falling productivity of labour*

The stimulus of what rise in wages there was before 1907 

WAS lessoned by the way in which the wage cycle worked, and by its 

t timing. On the upswing wages rose although not sharply until the 

later stages. Physical productivity fell as wages rose* In the 

downswing the reverse occurred; wages fell while productivity rooe* 

Employment also rose in the downswing, and thus there would have been 

little incentive to mechanise. In the upswing, however, especially 

in its later stages, there would be quite a powerful stimulus to do so* 

Here labour supply certainly does not appear to have boon elastic* 

It is a doubtful procedure to txy and establish the elasticity of supply 

of labour from time aeries information alone. But the analysis which 

is possible, and not perhaps too implausible, suggests that the 

elasticity of supply of labour, although high in the first year of an
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1 
upswing Boon became low.

Simply on theoo grounds ona would oxpoot coal cuttors to product 

sufficiently largo increases in labour productivity to Justify themselves 

in tho later steles of tho upswing of tho boom. Tho boon which broko in 

19CO cwae too early, before there were good enough and cheap enough electric 

motors. From 1JCO - Cg falling wag^o and profits would act as a 

disincentive. From 190(5 onwards cyclical and socular influenced both 

push ?;ago costs up-varda. And as far as ono can tell the number of coal 

cutters responds to this. In 1902 II.K. Inspector of Mines reported that

thoro wcro 145 electric coal cutters. In 1912 there were probably
2 

10,000 » 13,000. And they were rapidly increasing in number; la 1912

.7/S of tho coal raised 7/os rained by cutter, in 1913

1« /1 assumed a 2 year lag bctv:cen wage rises and an increase in the 
supply of labour (measured simply in numbers employed)* For the 
upswings of 1895 - 1900, 19C§ ~ 07 and 1910 » 11, tho following 
figures of arc elasticity of sup ly emerge

1895-6 1.53 1905-06 1.21
2896-7 1.49 . 19C6-07 otl?
1897-8 1.06

1 2598-9 0.« 1910-11 1.12
1899-1900 0.15

A one year lag ;dvos the came pattern! with, as one would expect, 
lotfor elasticities.
If labour were measured in man hours the figures would be lower 
as &b3enteei£ni increased as wages rose.

2. Portable machinery a&'$re£&ted 30,000 h.p. Coal cutters took 
about 15*25 h.p. each.

3» Taylor, op.cit..
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This situation ?;hcre the adoption of electricity was labour 

caving and capital usins has been dealt with at somo length, partly because 

of the size of the coal industry and partly because it was the general 

situation which would apply when electricity made it economical to use power,

when it had not otherwise been so. But in the case of many factory
• 

trades, where electric power mi&ht be used rather than mechanical power,

there would often be considerable capital saving as well*

The adoption of electricity could however produce savings of 

inputs in other ways. Electric cables were lighter than shafting* Also 

they took up less space and thus new factories could be of lighter 

construction and need not be so hi#h for a given purpose* New and

expanding finns could buy a cheaper, building for the same purpose*
i

Unfortunately we have little data on the difference of building costs

between mechanical and electric transmission* That the matter is rarely
1 

mentioned may mean that it waa snail.

Much oore important than the weight of electric cables was their 

greater flexibility. This could reduce tho effect of the power system on 

the layout of the factory. V/hcn shafting was used machinery was usually

1* One case laay be wori^h c;uotin£. lu 18£V .Metisrs, Caj;ipbeil built a 
new clothing factory at Leeds. Electric driving was installed from 
tho cutset, necessitating a lighter construetion of building than 
usual, which was said to save ^2000. "Before building operations, 
spGCii'ications v/ero asked for sterna plaat with ordinary oii&fting 
and belting, as well as for the electrical scheme. The first cost 
(of tiio ;.-o;cr equipment) was aoout cqurl but electricity offered 
distinct advantages in that a cheaper kind of building was only 
ncce^ary".
E*g. Vol. 35, P 405- 5 October
It is a significant ca:^.cnt on tho value of the information that 
wo do not know the size of the factory.
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cioGcly crcunrl it. Electric cabins waro ptyaically core flexible 

era tbuo even if ths pwcr cost, ca^itul and running, of eleotria 

transirdsoion vrno && hir'h oo tlxr,t of occhftnioai. tronsaicoion when the 

machinery was olosoty ^youpcd tc-athor, it would t?o Icwor when 

laachinery was aora disporaod. £lootrio motors could bo put in uny
•

^Thus ?tx>ro woi^t could be attack to other f&ctora liko 

r or«u s\ecd of tonviJivr* aiiaplcr ftccdoj to LjRchiDcry. Evsn 

if ciachinftzy worked r,t the isone cpoftd^ end thus ths rnto of output 

remained cc/r^tDnt v tlio reduction of tlr^e between operations would reduce 

labour costs, &r£ alco capital ccsto ns th<i valuo of work in 

Even the oxiotenco of chrftin^ a^ort from its affoct an tho

of Dicichinory c.r.ulu Inpcdo honfcing. For exaiaplo» a travolling crano 

would bo eloi7od d'ATn* Li£hti?ig ^na znoro difficult i?ith shafting, and 

thus would cost &2ro, or operetiona would bo slowed dam bocouoo of poor 

visibility.
•

Ih* extent of tho oist saving varied with tho &&$&(* of roorg 

isatico \ffaich wo:3 r^(2c in the firrrtn^crnont of tho flhop* It could bo 

considerable. For exnaple, in on /oaarican rolling mill the adoption of 

electrio drivinij had roluced tho nuob-or of cscn ro<2uirod frcw 6COO to

that ono of tho very Inv/ortont ftfivantagea of electrio power
1 

was thftt it ixjnidttnd a cxx^^lote]^ diffacont layout of tho works*

The cwrins diU not end with ;;r.kin£ fcottor organisation 

for electric driving could etimulate further thought on better planning

1. ix>loct Counittcc of tho llouoo of
on tho A&dnistrativo County of London & L'iatrlct Klectrio Poaror

Qs. 11 and 15
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and arrangement of work. It could do this in two ways* Firstly* by 

considerably weakening the ties between the layout and the power system 

it could stimulate much more consideration of factory layout* Once a 

constraint on what can, reasonably cheaply, be done io removed further 

innovations c:iy easily follow. The potentialities for this were great*

The majority of British workshops and factories at the time 

planned, Machinery 1703 huddled together in small, dark and dirty 

buildings, the latter were often badly laid out and difficult to manage* 

There is ouch Justice in the comment that it was the etate of building and

layout rather than the age of the machine tools used that contributed
1 

to the ofton high costs of British industry. One sust not overrate

the contribution of electric driving to better lay*out* There are a 

number of other reasons for planning improvements and the influence of 

electric driving in this respect v/as only permissive* But one at ill 

may suppose it was considerable*

The other effect that the introduction of electricity had en 

was that measurement became ouch simpler* At the v*urn of 

tho century very few ir.oaourencnto \vero taken of the enar&r input in 

Manufacturing* There were neither many measuroaenta of physical 

input nor of tiie cost of this Input. Engineers t?ho pioneered electric 

driving soon discovered a great deal of antiquated icachinery, machinery 

which probably would have been scrapped if rational calculations had been
i

made* Cuob plant \?aa not to bo found simply in the backward industries j 

1. The Scrap Heap* E.R* Vol. 51» P
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often dwmufacturera of po.;or plant ffore content to usa obsolete e<iuipttont» 

One of tho important things which intor.din# ucllers of electrical driving 

plant could do was to dr^v; manufacturers1 attention to their power plant 

and persuade them to investigate tho cocta of the equipment they could 

use, and that which they wore usin^» Once encouraged careful scrutiny 

of costs could be applied to othor inputs as woll as power.

In this context it it: v/orth paying attention to the views 

expressed by 17.3. Aldrich to the Milwaukee meeting of the American Society

of Wechtnical Engineers in 1901, when he was discussing the uco of
1 

electricity in i-ianuf acturirig. He argued that the advantage of electricity

was not in the s.-noll saving in the fuel "bill, but the very largo increase 

in output which was made possible by using it. Output per man, output 

per squr-re foot of factory space, output per nachine all rose Dubstantially* 

/'It was much easier, he vent on, to increase output in tldo way than 

through new buildings, nan end roachinos. Labour conditions wore improved| 

the con wore enabled to work faster* not being tied to the speed of the 

belting. The; shops could be better laid out v-hen no overhead shafting 

1 was needccv. All parts of the machinery v/ould be accessible and their 

maintenance co&ta reduced* The various building? need no longer be 

grouped round the powor house, and thus could be better arranged for 

efficient v/orldng.

Adoption of electricity did not altmya facilitate production* 

For example, ia coid mirdn;v it was sometimes said to be disadvantageous

1. B.R. Vol. 49, PP 614 * 5» 650 - 2* 11 and IB October 1901*
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because it increased danger* Colliery managers were quick to point 

to the possibility of sparking at the ccomutator of a.c* motors and to 

stress the danger of this in fiery mines* They wore also afraid of the 

consequences of underground cable faults. Those difficulties were much 

exaggerated as the risk was only very slight with careful engineering* 

But they existed* It was not only the use of electricity underground 

that they mistrusted; they feared that winding and ventilating machinery 

if driven by electricity v/ould be more liable to break down than if driven 

by steam engines. The consequences of such breakdowns could be very 

serious* It oust be remembered that up to about 1900 electrical

machinery was not entirely reliable* To see this one only has to read
1 

accounts of the working of early power stations.

It is also said that in textiles a disadvantage of adopting
i

electricity was that a considerable amount of steam was required for
*' *

t •

process work. This, however, was only a disadvantage of electric 

driving on electricity bought outside. If electricity was generated by 

the mills, and there was usually little reason to suppose this was more 

expensive, there would bo the same supplies of steam as if mechanical 

driving were used.

The earlier argument that electric driving would save more 

resources if allied to reorganisation of the works and/or better planning 

of work can bo extended. Innovations may be complementary; if two 

innovations aro adopted Jointly they may save more resources than tha sum-'

1* See R.h*. Parsons, op.cit*.
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of resources saved if both were adopted independently* Coal mining provide* 

a good example* In the years 1900 - 1924 there can be little doubt that 

in some mines resources could have been saved by a better layout of the 

mine, for example by bigger, better and core level main galleries and by 

easier working conditions at the coal face. Electric coal cutting and 

electric haulage would also have saved resources in some cases* But one 

would expect the joint saving to be greater than the sum of the two applied 

separately* This is because quicker coal cutting and quicker haulage 

exploit more fully the straighter, more level galleries and easier coal 

faces*

In engineering the same applies to more accurate machine tools 

which could reduce the cost of engineering products by substituting lighter, 

more exactly made parts for the robust, heavy ones usually used* British 

engineering products were relatively heavy compared with those of say, 

America* This was partly a substitution of weight for good design end 

careful machining* For example, in the eighties electrical machinery
f

was often flimsy* Mechanical engineers took up its manufacture in the 

nineties, and considerably improved its robustness* 13ut they did this by 

building very much- heavier machinery rathor than by veryoareful attention 

to its design.

' In the Tyneside shipyards electricity was adopted at a time when 

the general technique of production was changing* In the late nineties

Tyne shipyards were changing over to a system of working in ̂ covered ahad*
the 1 

rather than inAopen* Also more power was being used especially for

1* J.R. Parkinson, Economics of Shipbuilding Cambridge I960* P 119»
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1 
rivotting end drilling, employing cospreouod air aa well aa electricity*

Factory building are another ex&aple. If they were laado 

regular end higher GO that D&shindry could oo well laid out and electric 

travelling cranea used, electric driving would be able to aako A greater 

contribution to coot saving titan if it wore merely Installed in the oaoae 

building* But care ro^ulor buildin&d would have reduced ottor coats 

even without elootric driving.

All these innovations which involved changes in capital oquipnoat, 

ware core llfcoly to be adopted in an oconoqy where capital v&a rapidly 

growing* The BritlsU economy was £rowin£ only slowly at tho titoe*

W. iloff^an had calculated that frca 1875 to 1913 induotrial output vaa
2 

growing at a rate of only 1.?^ p.a. They wore also rare likely to bo

adopted where the rate of ocrap:;in0 WOB iii^ h* The oore frequently 
/ 
iwichinory of all typoa woo replaced the aora feaoible were oxtenoive

changes in layout. Hhoro plant wcu* built to laat a long tlnot as v/oa 

jaost British factory plant, etching up an existing layout by chan^in^ 

Isolated aachlnca irxicx^nder.tly woa cwz-o likely*

Contemporaries orguod timt electricity was too slowly adopted 

in England, and ti;at two dmportont explanation were lock of tedmical 

knottlcd^e, andt c^^re ^or^rally, conoorvatioa* It id not difficult to 

find ax&apted of both« The coal industry is ^erhapa the happiest hunting 

ground* "Electricity," wrote daphoo, **aa mi^ht have been expected rode

1. J.H* Clarhaa, op»clt», Vol. 3, P 

2* H, Ifofitoan, op.clt*t P 35*
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1
only sluggish progreos in tho mines11 . He argued this on the grounds that

2 
coal milling soemod slow to develop most new techniques* Colliery

managers were ex-pitmen, not engineers, and thoro is much justice in 

the contemporary complaints that they had only enough training to think 

of objections to innovations which camo to their notice. In the case of 

tleotrioityf possible danger was quickly spotted, and so generally used 

as an argument against electrification that in 1901* a Home Office Depart* 

mental Committee was appointed to consider the matter* But coal is not 

typical, and is to be contrasted with engineering* For example, N.£*S. Co. 

found that while Tyneside engineers naturally came to them to discuss power

matters, the coal owners in ZXirham had to be offered all sorts of
3

Inducements even to open negotiations*

Conservatism is a very wide term, not sufficiently well defined 

to be useful as an explanation. But the discussion of tho relation 

between the adoption of electricity, increases in output, and resource 

saving enables one to be more precise* The more ready business men were 

to consider large changes in the techniques of production the greater tha 

possible cost saving. Their readiness to look at the advantages of 

electricity was allied to their readiness to take advantage of other 

improvements, associated with electricity only in so far as they were 

complementary innovations* British business men tended to think of tha 

advantages of electrification as being largely those of saving tho oost

1. J.H. Claphain, op*cit* Vol. 3» ?

2» ibid.j, PP 162 - 6 for examples.

3. N.S.3. Co* Historical Records,
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of po;.v">r, Thiu reluctance to think of arid undertake radical changes can 

be described as a type of conservation, but it is clearly not the same as 

the reluctance to under-taka rny changes. But any tendency to concentrate 

attention on power, costs would lead to less electrification than could 

be rationally justified*

The mutter cannot ba exhaustively considered here. What would 

be needed ia studies of individual industries covering all potential 

innovationa during the period, and their relation to electric powerf It 

would be a very large undertaking indeed.

This is closely connected to the allegations of lack of 

technical knowledge* Vnen people began to worry about this in the 18708* 

there was a general lack of technical knowledge. But by 1900 this had 

been partially remedied* There had been a bi£ increase in the number 

of engineers trained to a modest level in particular branches of the 

subject, for example electrical engineers trained at evening clasues. 

But few people at the highest Isvel of industry had engineering training* 

Such men would, no doubt, pick up a lot of engineering knowledge of 

particular matters with which they were closely connected, but would not 

have any training to be able to consider a wide range of engineering matters* 

It was wide and varied knowledge which would equip a man for consideration 

of the potential profitability of a wide renge of innovations to be 

adopted jointly. Specialist advice could only be offered about adoption 

of single innovations*

Thor* was an increasing number of complaints during the decade 

before 1914 that the prime manpower deficiency in British engineering
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particularly waa tho lack of fr,ood "conuuorcial engineers" p that is of wen 

who corribin^fl orir.inecring skill with skill in tho mari:ct ploco* There 

seems little doubt that thore wnu such a shortage.

Electric driving, it IIP.5 boon arj*uod, saved inputs per unit of 

output primarily by enabling greater output from a similar set of

productive r^sourcos* Hero ona ntujt look at hjw ear or British business/
men were to increase output. This depends on the elasticity of demand, 

and the expansion of markets, as well as on lack, of willingness to find 

end develop now markets. The latter can be called conservatism, but not 

the forsner.

Thsre oro not enough studies of the elasticity of demand for the 

products or British industry for one to be able to say ouch about the 

natter* In tho case of the stocl industry, D,L. Burn has argued that

demand v/as often inelastic because firms onjoyod a considerable element
1 

of local monopoly* But about the s3ow growth of demand in general there

con be no doubt* Tims compared with a fast growing ouoiionjy there would 

be each less incentive for British business men to electrify*

Another way in which determination to incrcaso output in the 

fairly short run - over a year of so,- because the expected value of 

future profits v-.s high or thought to be high, could lead to electric 

driving nr.c because it was ouch simpler vo install new electric motors, 

than to extend a system of shafting and belting. Thus auall extensions 

to capacity wero much cheaper with electrio driving even if large 

extensions, where a new set of shafting could be installed, would have

1* D.L. i3um, An Ecoinisic History of oto--lrarv!;lntt 1667 * 1939* 
Cambridge 1%.0.
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been more cheaply made with a mechanical power transmission system* In 

other words electricity could make indivisibilities divisible*

.i
for

LAC is drawn aa an envelope assuming constant costs and no
9 indivisibilities beyond a low level of output*

SAC • short run avern .0 costs of mechanical drive.

long run average costs of electrical drive*

Conservatism in the sense of reluctance to consider radical 

changes in the process of production could be overoomo by a vigorous 

sales policy on the part of the manufacturers of plant incorporating
T.

innovations* It was asserted by those connected with H.E.S. Co* who
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woro Tory successful in persuading manuf acLurers to adopt electrio power, 

that a vigorous sales policy was essential, but if pursued with 

determination would be successful* A vigorous coles policy meant cheap 

electricity plus every attempt at persuasion* As Charles Mers told a 

Select Committee of the Lords

"It is therefore essential in this country that there should be 
current available at an exceptionally low price? - Tes, and 
the body who wants to supply the power jiust adopt a good deal 
of energy and push, and put every possible convenience before the 
manufacturer, or he v/ill not give up his old plant11 *' 
"The inanufacturera in this country hod in the majority of cases 
established his works bcforo electricity was a commercial question* 
The result is that ho has now got his plant, and is very loth to 
spend money on buying new plant •. *. ISvory possible inducement 
must, therefore, bo offered to ;,et that manufacturer, by offering 
to make all sorts of arrangements with him to simplify the operation 
of modifying his works* It may bo that motors are sold on an 
instalment schema> it may be that they arc hired out *••* Every 
man has some special whim or idea oa to the v;ay in which it 
should be done**** On fyncaide at tho present time the power company 
have in manufacturers9 works over £100,000 worth of apparatus 
either hired out or exchanged for old plant or dealt with in some 
way; and it is largely due to the fact that the paver company, from 
the very start, determined to got all the business that they have 
got it".2

Among supply companies N.E*S* Co* was the one that stood out aa 

one with a vigorous soles policy; it was also the most successful* 

This suggests that there were obstacles of the type mentioned to overcome*

The some typo of argument applied to electrical plant manufacturer* 

who wished to sell plant to power users who would generate their own 

current* It was argued, for example, that A.E*G. had been able to sell

1* Select Committee of tho House of Lords on the Administrative County 
of London and District Electric Power Bill* Evidence of C.H* Ken*
Q39

2. -ibi<U, ... * 97
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or electrical j.'lnnt in tho South • 'nleo Coaifiold becauae they 

hrnl oont coojotont cnrinoorj to poS .ible cow. yawn to poroun<1a them of 

tho ftdvantrf,eo of cirjctriflcntion.

It waa aun <?^t*d onrlior in this chapter tlmt ojonufocturwra of 

•lootrical plnnt, hy tlwir j"wiv.ity, c^lny^i tfio introduction of elftctrlo 

poaor in tho late 1890o. Tiiia ha;v^wti to c^incido with a major tooa in 

factory equipment. Thia io clearly ohoim in Cairnoroao'a table of groea 

investment in machinery* which ahava a conaicloraole upaoring in tha middle

nineties, \

Table 57. 

Voluq of ffl-Rchinory rotftincd far hocaa uoa

$5*0 

65*0

2399-1903 176.1

1509-1913 357.7

Ccdrncroaa*

19 4 v?hcn tho prioo fall in electrical equipments vaa avinging 

tho bolnnco townrda cubatontiol oleotrific&tion a largo aouunt of 

oachir.017 nnot havo Lccn relatively new* Onoo nour machinery waa installed 

it would delay dloctrif ioation becau&o tho lattor vauld Da aaooapanlod
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only by minor changes in other machinery and would thua reduce costs lees*

The timing of cyclical fluctuations alao affected electrification 

in the important textile induotry. The last big textile investment boom 

was 1905 -08. It has boon argued above that the advantages of electri­ 

fication were loss in textiles than in other industries* They were
§ 

probably very slight before about 1910* We have no precise information

on this* In 1910 the Electrical Review eoisnented that owners of 

electrified mills were very loth to make knor/n the results, fearing that 

their competitors would gain* But it went on to conclude that the 

results were not likely to have been unfavourable or * great deal of 

grumbling would have been heard*
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Chapter ?• 

ThcJTanufncturerB of Electrical Machinery, 3B75 «• 1895»

In this chapter we shall discuss the beginning* and early

growth of tho manufacture of electrical machinery* Electrical machinery
1 

is here taken to cover generators, a.o. transformers, converters,

motors, switchgear and arc lamps* This group of products by no means 

covers all the equipment used in connection with the generation tnd use 

of electricity* Poorer stations use boilers and steam engines as well 

as generators and transformers* Electric tramways and railways are 

rolling stock of which only the motor equipments are electrical* Nor 

does this group cover all the electrical equipment used for eleotrio 

lighting, electric traction and electric power. Electric incandescent 

lamps, electric cables, storage batteries and electrical instruments 

are generally excluded.

Electrical machinery has been grouped together largely because 

all the productr. in this group required similar teohniques of production* 

Similar knot/led^e was required for initial designs, similar labour and 

machinery was used in actual raanuf acture. Generally speaking these inputs

!• Rotary converters, motor generators, motor transformers and motor 
converters. They were used for converting a*c» into d*o* or 
changing the voltage of d.c. They have all been superseded*
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could be easily shifted from one product within the group to another* 

Skilled labour and general purpose machinery was largely used* Machinery 

was built in largo shops not usually specially adapted for any particular 

product* There are some differences between products and these differences 

are sometimes important* Except for small motors and tramway motors 

nearly all electrical machinery was built to order* This was particularly
*

true in Britain*

Another reason for grouping electrical machinery together was 

that it was made by a fairly distinct group of finns* Host of our 

information about electrical machinery manufacture ia based on rather 

patchy biographical information about individual firms.

Special attention has been paid to the manufacture of machinery 

for several reasons* Firstly, innovations in machinery were often crucial* 

for example the Brush high voltage dynamo, the American traction motor* or 

three phase a«o* machinery* Secondly machinery is in a central position 

touching the introduction and extension of electricity for lighting, • 

traction and power* Even when innovations take plaoa outside this sectorp 

for example the introduction of the cteaia turbine, which is not fin 

electrical machine at all, modifications have to be made in electrical 

machinery. Thirdly innovation in the machinery group was more continuous 

than in other sectors. In incandescent lamps there were two periods of 

innovation, firstly the invention of tho lamp itself in tho years 2878 •

and secondly tho invention of a metal filament lamp in the years 1057 *
1 

1912* In cables there was the development of n*w mains in the years

1* $»A. Bright Junr. op*oit*
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1B03 - 1093 including tho firat use or prvnar na n dlolftctrio. After
I 

tiot, nodificaiiona wsro individually flmall. PowrMily the introduction of

clcctrioity for lighting traction and pr/rfor proOiioftl a lUalinct naf branch 

of cuttfecturing* Cable unkcra roanufnoturod tol<\~mrhlo cnblee before 

electric lifhtin/.; taoasa feasible. fti^in* r.nd bolter buUflent Adapted 

their product for uoo in conjunction with electrical oaohinary, but they

roaainod primarily en^ino boildoro. Fifthly tDore hod been nritten el»e»
2 3 

where GO cables * and electric incandescent bulbs.

Sho outlet or electrical s^xchitiory rluotunted. Unfortunately 

it is not possible to construct cny tin^ ccriea of output before 

Frota 1896 such a lias sorica had b^en conr>tnioted and id in Table 

The £pnaral shape of fluctuations is, however, clear, Fraai 2379 to 2302 

both the value ond volnaus of output were rising. In 11383 both alunpod and 

froa then until 188? rchilo tiio volimo of output seesid to have rioon* the 

value remained gonornlly stationary. From !£,& - 91 another boom came with 

eocething like a tripling of tho value of output over these yoara* From 

1891 • 95 conoa toother recession. The value of output however aeeoa to 

have gono on rioing alocrly* Prices fell cteeply and the volixne of output 

oust have ojudte subatontially risen, Beginning in 1396 cone anottor 

upowinfi, thia tijue a very big one* leading to a r.£jcr booai which lasted 

until 1903. After 19&3 the value of output uc/nn to decline^ although 

only olowly at fir^t. Tbe voluzoo of output continued to rise, although

It P.V. Iluntcr A J.T* Ilaaelli or»cit»«

P.V» liuntor A J.*\ lia.ell, ^.cit. K.
Int^rocti^n i'.f 'ciontif in >ochni(ifilf^'l
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more slowly and only intennittently* Prices, which began to fall in 1901 

because of German competition continued to fall rapidly* This period 

lasted until 1910% In 1911 the value of output began to rise, and 

continued to do so until 1914* The boom persisted during the 1914 * IB war 

but partly because of special wartime conditions* Thus although there 

ware strong upswings in output, there wave, except for 1883 no strong 

downswings*

11

In this section wo shall be concerned with the first boom and 

slump, i.e* from 1878 - 1837* In this period the main products were 

arc lamps and arc and incandescent lighting dynaioos. Jtynaraos were ouch 

the more Important* Until about 19&3 * 5 arc lighting equipment ought to 

be treated as a rather distinct product*

The Manufacture of electrical machinery was rather slow to start 

in England* \ As the names Jablochkoff, Lontin, Gram&e, Brush and others 

reveal, most of the arc lighting equipment used in the very early days was 

manufactured abroad. In 1878 there were only two firms mantafaoturing

dynamos in Britain, Siemens, iteolf the English part of a largely German
1 

firm, and Henry V.'ilde in Manchester. In 1879 and 1880 a few more firms

entered this business, notably Crompton, but until Brush began to make arc 

lighting equipment in this country imports nust havd been a very large 

proportion of the hose consumption of mac

1* On the relations between Siemens in London and Siemens A Halske in 
Berlin seo J.D. Scott. Siemens Bros* 1858 - 1938 London 1958.
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After that, however, many home finns began to raake electrical 

machinery. They can be divided into three major groups* Firstly there 

were those who wore existing telegraphic inanufactur^ra* Secondly there 

were new firm founded on particular inventions - often undo by people 

utterly unconnected with electricity. Thirdly there were mechanical 

engineering firms.

Of the first group, those with a scientific connection with

electric lighting, the only really successful entrant was Siemens* Siemens
1 

had been to the fore in dynamo improvement. In 1867 and again in 1873

the German part of the firm had been responsible for major innovation*. 

It waa not surprising that Siemens gained first place in tho Trinity
\

House dynamo tests of 1877* Stimulated by the possession of a firat rate

dynamo, Sir William Siemens, head of the London branch, made several
2 

improvements in arc lamps in the late 1070s . He determined to apply

arb lighting to the lighting of large spaces as well as lighthouses. 

Siemens arc lights soon began to appear, and in 1881 Siemens was one of the

four companies to tender for the important lighting, proposed for the City *
3

at a considerable loss* But Siemens did not foresee, as far aa we can

tell, any very rapid expansion of electric lirjitinj> The engineering 

of the system was directed more perhaps towards a high quality than * 

low cost lamp. The early arc lamps did not give a very pleasant light*
•

1. See Chapter 1 P, 2.

2. W. Pole. Life of Sir Williams Sicrcona, London 1808 P 247*
•

3. Siemens char^od £3,725 and in the first year losw £2,246 on this contract 
They cost a similar sun 6n th<? Albert Dock lighting which they installed 
in 1879 (Elect. 27 Hay 1862, & Siemens Bros, accounts.)
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Siemens improved thcan and produced porh.ips tho leaat unattractive of arc 

lights. Bat to do this ho used a low voltage fttvin^ a small arc. This 

oiade current control more difficult, and thus increased the difficulty of 

running several lamps from one dynamo* In other ways Sicmons were noted 

for their high engineering standards. Wires were laid underground) in 

many ways this was admirable but it was expensive. Thia is not to say 

that Sir William Siemens was uninterested in the conraerciel prospects of 

arc lighting* EG saw that it v;..o at a relative advantage when high 

pcvered lights were used. Siemens arc lighting was intelligently placed 

on high poles. But at least, as his biographer states, Sir William, by

the seventies was icoving eway froa commercial interests towards more
1

purely scientific aatters.

Another important cable canufacturer to toke up the manufacture 

of dynamos and arc lamps v/aa the India Bubber and Gutta Peroha Co. They 

seem to have begun with the aanuf acture of arc lamp carbons* However f 

although they continued to make dynamos up to 1914 they were never very 

important* The Telegraph Construction and Maintenance Company, another large 

telegraph manufacturing firm founded en electric light department in 1B81 * 2* 

It was set up under J.E.H. Gordon, a young man of 30 with a background of 

scientific research* Gordon built a 330 &Y alternator, with three timesa
the output of any machine then oon&Uucted, to li^ht the company's works*

soon became into rooted in central station work* The Chairman

of the Telegraph Construction and Uaintcnanco Co* Sir Daniel Goooh*
i *

who was also Chairman of the Groat Western Railway, believed in

t

1. W. Pole, op.cit, P 283*

2. H*H. Pomona, on.cit. P 42.



Gordon, and in 1B83 it was resolved to begin work on a scheme to light 

Pa&lington Station, the G.tf. Hotel and ncigjhbourin'-; goods yards and lines*

With over 4000 incandescent lamps and 100 arc Icu^c it was snid to be the
1 

biggest installation of mixed lighting hitherto mado. Unfortunately
2 

there were very considerable teething troubles, and Gordon himself was

so disappointed with the results that in 1833 he said he was prepared to
3

abandon his own system and every patent he held* The Telegraph Construction

and Maintenance Co* ace;:, to have felt ouch the saute about eleotrio lighting 

in any form end when this installation was sold to the G.W.R* in 1867 they 

left the electric lighting field,

The only other telegraph i^onufacturer to begin the manufacture of

electrical machinery at this time waa the small partnership of Johnson
4 

& Phillips* First they made arc l&sps but scon built generators as well.

Later they added ssritchgear, transformers, rotors to their range* But they •

remained primarily concerned frith cables and their share in the market for
<

electrical machinery was small.

The second class of fira was that founded on particular inventions* 

iloafc of the early else trie lighting Inventors sold their patent rights to * 

fira. ilany firas v.ere f oundod to buy those patent rights and manufacture 

tlie new product* In the early 183 Oa tho inventions were often foreign*

1* jibid. • P
51 
- for detaUa.

R.H* Parsons, op*cit*. P 37.

See C. Brooks, Johnson .A. Phillips, London 1950.



The failure rate was hi£,n o^n^ this Ljve of £ iiia. All systems of lighting 

in the early eighties hr.d soriouo practical difficulties; these firms wara 

often without ndeq.ua.tc technical knowledge and the quality of general 

v;rj3 often poor* The most successful of these companies waa

Brush i but even Brush had its flaws. A3 has been pointed cut it had tha
1 

best of the early arc lighting systems, Aa a result of this it seemed

very prosperous at first* 1331 was a very good year. 1881 & 2, tha 

company was also able to sell concessions for tho exclusive right to sail 

Brush equipment in various parts of the country for high prices* Tha 

first half of 1632 seemed so prosperous that in tha auraier an interim

dividend of 100;* was declared* &miif&cturin& facilities ware more than 
2

doubled yet as vrc have seen the boom soon collapsed*

The rapid expansion of 1BB2 showed up considerable weaknesses in

the muna^eiaent of Brush* Tha manufacturing profit foil from £35*4&t in
/

1881 to £33,713 in 1082 although tuzfcover more than doubled* Aa early aa 

July 1682 there were doubts about the quality of the management* H. Hamaond*
i

who as cne of tho early purchasers of concessions was in a knowledgeable
3

position, wondered whether manufacturing was not running at a loos* At

the meeting of January 1033 thero were accusations of bad manag&aent which
4 

were not very satisfactorily answered* l&aaawhile sales were falling

rapidly, Brush beiu^ worse hit than the other laajor companies by tha collapaa

1. ' Chapter 1* PP 11 - 12.

2. Fixed assets rose from £25, 013 in December 1381 to S66.W in December
'. 1082,

3* Brush meeting July 1882. Klect. Vol. 9 HP 285 - 6.
.60. 

4. Elect* V. 10 P. 259 2? January 1083.
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of the boonu By toy 18^3 tho B.ru*;h Chairman rosi^ned aud tho Board
1 

irr.8 reconstructed. A considerable reorganisation of tho Compary
2 3

followed. A nov; General Mnna#>r ond Secretary v*v.3 appointed. Coats

were thoroughly investigated and substantial economics made* It irao said 

that general expenses were reduced by 50,0* Asset values were also aharply 

written down.
•

Policy wss changod in two directions* Firstly the company waa 

no longer to rely on ore lighting alone. The concessionary companies 

formed in 1382 had complained about the lack of an incandescent lighting 

system in the patents they bought. In 1832 Brush had sought to remedy thia 

by buying for £§0, COO the patents of Lane-Fox. But they did little with 

them at first except come to arran^e&enta with thoir concessionaries to

sell Lane~Fox incandescent lamps as well as ore lighting equipment. But
/

after the reorganisation Brush began to devote more attention to incandeaoent 

lighting* In 1303 W.M* 2£ordeyf the company's chief electrical engineer 

started work on a dynamo for incandescent lighting. In 1884 be produced 

the successful Victoria dynamo. Incandescent lighting equipment soon 

beotoua important » as is Jhown in Table 56*

Secondly the company saw that central stations were no longer 

going to develop rapidJy. It thoreforo repurchased concessions whore these 

were for the exclusive uarkoting of Brush equipment in various parts of the 

1* Elect* Vol. 11, PI. 19 Hay 1883. 

2. Elect • Vol. 12, PJP 286 - ?• 2 February 1834.

3* Tho New Secretary v;aj £. Garke. Garko was born in Germany in
In 1887 h<s bocfiTic iaonag"r of Brush. In 1891 i-^naging Director. In 
3893 ho resigned froa Brush and bocaae ^anagin0 Director of the E.C.C. 
lie left E.C.C. in 3JL194 tmd from then onwards woo principally concerned 
with British Electric Traction.
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Table 58. 

BrushL Sales of arc nnd incandescent lighting equipment

Tear Value or sales of % of total Value or sales of % of total
arc limiting sales inc&nAeoonet sales
equipment lighting equipment

1385 14,909 23.2 12,438 37-4

' 86 6J13 11,4 17.C40 37.1

87 10,906 J4.0 12*930 26.8

25,545 23.7 17,037

Source! Historical records of Brush Blectrical Engineering Go* Loughborough*

country* So Brush returned to contracting work, often itself installing 

its own plant for customers.

An example of a very poor performance by a firm founded on patent/
rights is that of the Electric Light and Fewer Generator Company, later the 

Haxiro»Weston Blectrical Company. They began by getting the contract for 

aro lighting in one part of the City, using Lontin arc lamps; they lost 

£4,000 on a contract worth £3,000. They then bought the Maxim incandescent 

lamp patents, a useful anset. In 1881 Maxim came to Europe to investigate 

the use boing made of his patents. The U.S. Electric Lighting Co., which 

held the Maxim patents in the U.S. considered that the London Company was 

not making enough progress. In his autobiography Kaxizn tells us what 

he found at the Bankside factory of Maxim • Weston.

"I have never ce^i ciny^iirv; like it in ray life. The place was 
unspeakably dirty, everything was ao out of order that we were tripping 
over coppor wires everywhere; the windows were so thick with dust that thoy 
admitted little light; and the fcv; ii^cn at work wore burning &as out of the 
open end 01* the pipo without any burner. In walking about the place I sow 
a hi^h priced Brown and Sharps milling machine. It was soothered with dirt
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and appeared to bo in a very delapidat^d condition. The roof was leaking 
and tho machinery hod been rainod on and waa slightly maty in places." '

Only four or five ran were cnr-Mynd in th« factory; iiaxin otfered his 

he was offered a oiinoa a year*

The company after their unprofitable tiwo with Lontin arc lamps
2 

bought the patents of Edward Weston* These patcrito oo^t largo sums of money*

By Tfarch 1033 £113,800 had been spent on patents, as against only £2,391 

on fixod plant and £21,373 on stock* Also large suiaa had been epent in 

1882 on lighting installations. £4f4Q5 had been loot on tho City
•

lighting, £1,225 on tho Metropolitan Railway lighting, £382 at the Edinburgh 

Post Office and £26 on what had been thought to be a good contract at the 

Botanical Gardens, £1,868 had been spent on exhibitions* But all this had 

bought them no business - by May 186*4 the loaa ovor tho previous two years was 

£32,284* Business improved a little after that ond omall dividends were 

paid beginnin; in 1885* Yet it is not clear that profita were bolng 

made, for in 1883, when a new board of Directors took over the auditors

discovered that assets were valued at £17*445 in excoaa of their true value
3

of £24,723* Trading results hod not been truly stated in the past* 

The making of losses by Maxim-Vfeston wad, considering the 

circumstances of the time not significant. But tnoy were very large losses* 

tho f ira was obviously badly managed* It waa run by business non, not 

engineers, and what business men meant in thia case was people with

1* Hiram 6, ilaxim. Ifr Life* London 1915* P 156.

2. Fw the wori; of Ed*urCl teuton see H.C. Pasaer, pp.clt, PP 31 - 34«

The above is oc^ed on ropcrts end meetings of the ilaxim-Veston 
Electrical Company given in the Klectrician and the
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experience in buying and selling. Patents wore to a large extent treated 

as ft ccn.-Hodity. There w;\o no corious attempt to manufacture plantf 

although the company had a small factory. Thus the linn was usually one 

atop behind with technical progress. For example it announced with 

dolirht in 1885 that tho U.S. Electric Lighting Co. hid decided to atop 

using Maxim dymanos and lamps (because they wen obsolete). The English 

firm WOB thus able to buy large quantities at lovr prices.

More examples of this typo could be given* It ia surprising 

how many good patents found their way into incompetent hands* There waa 

often poor co-operation between inventor and company, and inventors rarely 

did more than sell the patents.

The third type of firm beginning tho manufacture of oleotrio

lighting plant in the early eighties waa the mochrmical engineering firm.
*

In many ways they were tho most successful group. Elocu-ical machinery 

waa much heavier than telegraphic equipment , dynaznoa had uuch in oomnon 

with other rotating plant like atesua engines and machine tool*.

There were three important entrants from mechanical engineering
1 

in the 2380s* The first was Crompton & Co. K.I2.J3* Crompton was an
2 

ex Indian army engineer rho was a partnor in a small mechanical engineering

firm in Chelmsford. He casa to the ru^niifocturo of electrical machinery 

alnoBt by accident. Ha wau supervising tlie building of a foundxy in 1B?8 

and experimented with new methods of casting plpea. Tlie work got behind

/
1* Craanton formed a series of partncrshipa* Crompton & Albright waa the 

principal one in the 1080s. In I8f0 it wan turned into a Joint stook 
company. I shall eiaply speak of Crompton & Co* (or simply Crooptoa) 
throughout.

2* See Chapter 1 P 16.
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1
and to hurry it Crompton decided to try the new arc lighting* He decided

to manufacture arc lighting equipment himself because it seemed useful 

and because of deficiencies in the Grannie equipment* At first he merely 

Improved the arc lamp, but when he heard that Brush and Wallace Farmer in 

the United States were using several ores on a series circuit he set out
*

to copy them* At first he used the Graune dynamos at a hi^h speed to 

give the necessary voltage but mechanically it v/as not adequate for this* 

Together with a Sviss, Smile Burgin, he designed a new high voltage dynamo* 

He needed more space to manufacture it and the old partnership was dissolved 

and Crompton took over the whole works* By December 1030 the first 

Croffiptoii»Bur&in dynamo was ready, capable of providing current for 6*8 aro 

lamps. Crompton arc lighting, although behind Brush in the number of 

lamps run from one dynamo, soon became successful. The works at Chelaaford 

soon hod to be extended and by 1881 Crompton was said to be one of the three 

most important firms, together with Brush and Siemens* But output was 

probably less than that of the other two*

Crompton seems to have been the first electrical manufacturer to

make machinery specifically for incandescent lighting* In 1880 Crompton
2 

began the manufacture of dynamos for Swan lamps, and in 1881 and 1882 when

a number of installations were made of Swan lamps, Crompton supplied aany
\

dynamos*

1* H.E.B, Crompton* Reminiscences• FP 81 • 2* * 

2* R.S,B* Cromptoxu Reminiscences P 95.
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Although a firm with less financial resources than Brush or 

Siemens, Crompton was sufficiently optimistic about the future of eleotrio 

lighting to be involved in a scheme for a central station in Birmingham. 

Most of the money was to be supplied ty Winfield & Co. manufacturers of 

brass work, chandeliers, etc* but Crompton was supply the machinery*

But the scheme failed, Winfields went into liquidation and Crompton lost
1 

a lot of money*

The second entrant of this type was father & Platt Ltd* It was 

a long established firm and in the seventies it was principally engaged

in the manufacture of textile finishing machinery. In the eighties under
2 

the direction of Sir William Hathor three important new lines of

manufacture wore started* Two were as a result of a visit by Mather to the

U.S.A. in 1832 * 3* There he acquired the English patent rights of the
3

Edison dynamo and the Oinnell sprinkler. As a result the company began

an electrical deportment and an automatic fire protection department* 

Mather also started a pump department based on the development of the 

designs of Professor Osbom Reynolds of Owens College for centrifugal pumps* 

The new electrical department had first rate technical advice*

1* R.E.B. Crompton* Reminiscences. P 109*

2* Born 1838. 1855 articled to his fathers and undo1 3 works, 1858
he beca;.o assistant manager. Visited Russia and tho Continent 1859 <* 63 
and American 1082 * 3. He was the first Chairman of tha Castner-Kellner 
Alkali Co* in 1395* He was the Chairman of tho Chloride Electiioal 
Storage Co. (battery manufacturers) from 1891 - 3896* 
(see Sir T7. Mathcr* Ed. L.E. lather. London 1925?)

3* The antifire sprinkler was invented by F. Ginnell of Providence, 
Rhode Island*
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1 
John Hopkinson, Professor at Ovrena College was appointed consulting /

electrical engineer. He redesigned the Edison dynamo according to 

scientific principles* A machine for 1JO lights after being remodelled

and constructed according to Hopkinson1 a principle was capable of supplying
2 3 

current for 250 lights. Together with his brother Edward he designed
» 

the "Manchester" dynamo and motor in 1884. The Ediaon-Hbpkinson and

Manchester dynamos, with later modifications were the main products of 

Mather & Platt's electrical department right up to 1900*

Another important, but at first very snail electrical machinery
»

manufacturer emerged out of mechanical engineering in 1882. This was tha 

partnership of Elwell-Parker, One of the partners was Thomas Parker. 

Born in 1843 F he had been employed by the Coalbrookdale Company from tha 

age of 9t and hod become the manager of the engineering eida of the businasa. 

Throughout the late seventies and the early eighties he had been intereatad 

in dynamo design* In 1882 he Joined Bedford Elwell who was in business 

in Wolverhampton as a Patent Tip and Horse Shoe Company. An electrical
*

department was started, which, at first employed only three men, but
4. 

expanded rapidly after 1885.

During tha middle and late eighties a number of established 

mechanical engineers added an electrical department* Also a number of

1. Born 1849* Died 1891* An extremely good mathematical engineer* At 
Cambridge he was Senior Wrangler in 18?8 and first Smith1 a 
In 1871 he became a F.R.S.

2. E.R, Vol. 43, PP 338-9 2 September 1898. 

'3* See Chapter 5 ?• 194.

4. Electrical Times Vol. 59 & 405 - 408 28 April 1921. 
Tha Early days of the Electrical Industry.- the E.C.C.
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small partnerships with a general engineering background began to make 

electrical machinery. They usually made only dynamos for use with the 

lamps of other manufacturers* An important reason for this was the 

emergence of principles of dynamo design* In the early eighties the 

design of electric lighting machinery was a question of inspired empiricism* 

Until 1331 there were no standardised units of electrical measurement 

and instruments were primitive in the extreme* Crompton was said to 

design dynamos by looking at them* Changes in arc lamps involved changes 

in dynamos* If pieces of equipment were put together which were not ' 

designed to be run together a large number of incalculable adjustment* 

would have had to be made* But by 1332 • 4 much more was known 

scientifically, and it was less necessary to treat are lighting equipment 

as a unit. Nevertheless it tended to be so treated ufttil well into the 

1890s. In the case of incandescent lamps, the situation was different 

frota the early days* Swan made only liijht bulbs and relied on dynamos 

bought from outside. In 1330 - 2 he used both Crompton and Siemens 

dynamos, and from 1333 onwards Edison-Swan bought a number of dynamos from 

ttather and Platt*

Once the principles of dynamo design wore known, other mechanical 

engineers started to produce them* From an engineering point of view this

was to be expected* They had experience of non-electrical rotating plant, ,
/

steam engines, machine tools etc. and this gave them advantages^ as many

of the difficulties with early dynamos were mechanical as well as electrical*

They rotated quite rapidly for tho state of engineering knowledge*



Clearances had to be quite small between armnturo and field coil for 

the efficiency of the machine to be high. Although machines wore tiny 

by later standards - under 50 KW for most of the eightieo • these were 

much bigger loads with correspondingly greater mechanical strains than 

were involved with telegraphic apparatus* Fowlers of Leeds, makers of 

steam engines and agricultural machinery, Greenwood and Battey, angina 

builders, W.H. Alien, also engine builders, Clarke Chapman, marine and 

general engineers, were among the established general engineers who 

'started Small dynamo departments in the middle and late ILBSOs.

The possibility of using electric motors in factories attracted 

more mechanical engineers, especially those already making rotating tool* 

driven by steam engines or shafting. Often a special icotor was needed for 

a special tool* There was scarcely any electric power in the late 

eighties but one firm of mechanical engineers at least, Easton Andersen 

and Cooldon saw the possibilities of electric cranes as early as 1638. 

They were formed by the amalgamation of Easton and Anderson with the 

email firm of dynamo builders, W.T. GooldcnA Co*

During the eighties electrical machinery manufacture was highly 

concentrated* Table 59 gives what figures can be collected of the grofts 

output of four of the major firms in the 1030s. The only matfor firm 

entirely omitted is Elwell Parker during the second half of the eighties* 

It is doubtful if its turnover was bigger than that of Hather and Platt1 • 

electrical department* Brush Siemens and Crompton seem to have had a 

very large share of the market in the early eighties* After 1882 their 

share seems to have declined, but they remained very important* It is 

not likely that the aggregate output of the small firms was very large.
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Table 59- 

Gross output of electrical machinery,

1 3
tear • Brush Siemens Hather & Platt Oronpton

1880 / 18,360

80,000 35*840

200,000 83,780

35tOOO 71,439 1,191

4 48,771 73,985 4,848

5 59,722 K/A 6,337

6 54,085 • 10f034
2

7 70,7U 14,400
2

8 / ,98,629 17,GU

9 23,313 rate of 70,OU

It Excludes incandescent lamps*

2* If wo include production at the Brush factory in Austria output is
£80,746 and £115,629 for 188? and 8.

»
3» Estimated from output in

In the case of incandescent lighting dynamos in the middle 

eighties we have quite good information about market shares* Brush held 

important patents covering tho best method of winding constant voltage 

dynamos, Thoy were willing to issue licences if a royalty of lQ/» per 

Ktf (5 • 10/ti of contemporary prices) was paid* The only major firm to 

refuse was Crompton. If we assume* on literary evidence • that Crootptoa'a
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output of incandescent lighting dynamos was equal to that of father A 

i Table 60 can be constructed.

Table 60.

Shares of tha market for incandescent lighting dynamos 
_____ early 3B86 - end 1887* __

Percentage,

Brush 30 

Siemens

Crompton 15 

ilather & Platt 16

Blwell-Parker 11 

India Rubber & Gutta Percha 3

Manchester & District
' Edison-Swan 2

Others 1$ and less

The arc lighting equipment market seema to have been more

concentrated* Literary evidence suggests the manufacture of are lighting
•

equipment was prliiarily in the hands of Brush, Siemens and Crompton*

By 1893 the threo principal firms were making multi-arc dynamosj Siemens
\

and Crompton made them for up to 12 lamps, Brush for up to W* By 1889 

the number had risen to 28, 30 and 55 respectively* The lamps had been 

standardised at about 45 - 50 volts, and were now built to burn up to 

about 15 hours* Siemens had thus followed Crompton in producing a system
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liko that of Brush* Aro lighting, however, nav«r developed in this country 

as it did in the United States. This was partly because it was little 

used in the streets. Aro lighting equipment was a declining share of 

Brush output 1885 * 8, and we may assume both that this was true of Crompton 

and Siemens and that the percentage continued to fall*

The collapse of the boom of 1882 adversely affected all 

manufacturers of plant, although the magnitude of the effect varied very 

considerably. Brush, the one who had expanded tho roost was the worst 

affected* The company employed 800 men in 1882, and by 1886 the number 

had fallen to 300. Siemens1 output fell by only 15& Crompton who did

not expand in 1832, doubled the size of his works in the depression year
1 2 

of 1883, and further expansion took place in 1804* This rise in output

seems to have been due to Crompton' B concentration on expanding the
3demand for isolated plant* Siemens soon followed, and then Brush. By

1885 demand had risen enough to keep the principal factories fairly busy* 

Crompton was doing particularly well and was even able to keep a nigfrt 

shift going.

The value of output by 1835 was, howevor, well below that of 1882*

Prices had fallen very sharply, partly because of the sales of equipment
• 

of firms going into liquidation* Even though tho aggregate amount of plant

sold for this reason was small demand was inelastic in the abort rum

!• gleet... Vol. 112, H? 184 - 5. January 1884* 

Sleet, Vol. 14, P !&• 3 January 1885. 

Oronpton. Reminiscences P 110.



This factor was said to be particularly important in 1886 when prices 

fell sharply. Price data are sparse and difficult to interpret because 

of the varying sizes of equipment. But one caanentator stated that the

price per Kft of an 80 KW incandescent lighting dynamo was £29 in 1882 and
1 

only £6 in 1387. Other data is consistent with this. The fall went

on all through the period 1882 - 83* Brush arc lighting dynamos sold in 

1885 at an average revenue of £174! ty 1838 average revenue was only 

£113* ?be average revenue of Brush inc&adeacent lighting djnaaoa fell 

from £125 in 1885 to £112 in 1353. But the size of dynamo was probably 

rising and this would cause the fall in price to be underestimated*
\

Brush arc lamp prices, where there is no size ambiguity fell from £U*V
2 

in 1885 to £8.1 in 1868.

Low prices and low demand, particularly the absence of demand 

for Central station plant drove English manufacturers to wider markets* 

Crompton seems to have led the way here* In 1883 the Ring Theatre in 

Vienna was destroyed by fire and it was decided to try electric lighting
•

in the now theatre* The job to be done was bigger than anything attempted 

in England; for example the generating station was a mile from the theatre* 

Crompton's scheme, using V/illans - Crompton generating sets and a 5 wire 

d*o* distribution was a forerunner of the London stations of o*13<K> and 

the first instance of the very successful British practice of direct 

coupled engines and dynamos* By 1336 the plant was working and Crompton 

vent in search of more Continental ordors. In tho next few years he visited

!• W. La/fat Carpenter* "On tha Position and .Prospects ̂ of Electric Lirhtiiut 
in the ::etropojiq% aiectv Vol* 22, Eg 30 - 9t 13 January Ifldd*

2* Brush Historical Records*
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Gothenburgi Stoclcholmt Copenhagen, Belgrade and Sophia. But he got fcnr 

orders and in his autobiography states that this was because of the 

credit facilities given by tho German banks who backed the German

electrical manufacturers. British bankers refused to give him credit
1 

to be extended to his customers. In 1386 Brush, whose sales to the

Continent had boen "hampered by high tariffs and great competition in 

North Germany" bought a factory in Vienna. In 133? and 8 the output 

of the Vienna factory was about 10^ of the total Brush output. 

1 Because of its connections with Siemens & Halske, Siemens did 

not seek markets abroad* Siemens seems to have withdrawn from electric 

lighting more thsn other firms. This may have been partly due to the 

death of Wiliiem Siemens in 1833, It &ust also have been due to the

high level of domand for submarine cable and ita considerable profitability
2

during the 1830s. The Electric light department showed regular loasea

from 1300 - 84 except for 1832 whsn a very small profit was shown* Th*
s

departure of Edward Hopkinson in 1833 &&y ba a farther indicator of a 

contraction of interest in the field.i

Total exports of electrical equipment were substantial* The 

figures in tho statistical abstract rolato to all electric lighting 

apparatus* But it is possible to mako a gpesa at the gross output of

1* Crompton Reminiscences E? 11? - 

2* See J.D. Scott, op.cit.. B? 64. - 5.



Table 61.

Siemens Bros* The Electric Light 0ept* Net profit 
afi a percentage of soles and stock*

1880 - J3.5

81 - 22.2

/82 + 0.7

83 * 3.8

84 • - 4*3

Losses include losses on lighting installations which 
were heavy 1380 * 2*

Source I Siemens Bros* Historical Records*

1 
electric lighting plant. In 1886 exports were roughly 3Q# and in

i ,

1888 roughly 35/0 of production* Imports were not recorded in any
i•V

satisfactory form until 1903*

1* The output of Brush and Kather & Platt is given in Table 59
An estimate for Siemens and Crompton is ..taken from the level of 
their sales at other tiines, I assume Elv/ell-Parkor output was the 
same as that of llather & Platt* Let us assume that these firms had 
the samo share of tho rcarfcct for machinery that thoy had for 
incandescent lighting dynamos, Edison-Swan output of incandescent 
lifcht bulJs is knovm. Let us aosurce they had a 75/* sharo of the 
market in 1886 and a 90, o shore in 3JB88. The resultant estimates 
of ^rosa output are £310,000 in 1036 and £J|8l,OCO in 1808. This 
docs not include the output of cable firms* but cables exported 
except as part of assembled electric lighting plant would be 
separately enumerated. Cables sold other than as part of eleotrio 
lighting equipment would be excluded from production and exports and 
oable sold as part of electric lighting equipment included in both*
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111

The second cycle in the demand for electrical plant is from
9

1888 to 1895. There was a big upswing from 1888 to 1691 as central station 

supply at last began* The value of output of electrical machinery seems 

to have roughly trebled. After 3B91 the value of output seems to have 

continued to rise, although at a much slower rate. What figures we have 

however surest that it may have risen by aa much as 15 - 20/a between 

1891 and 1899* But it was not a steady rise* From 1391 ~ 5 prices 

fell sharply and there was probably a faiily considerable rise in the 

volume of output.

xThe boom brought about a considerable expansion both of the 

nunfcer of producers, and of the major firms. The market continued to
#

be highly concentrated* Five firms supplied the bulk of the traction 

equipment for the new central stations. We have figures of dynamos

installed by makers measured in K3Y, and because it was at that time the 
i

usual practice to award the contract for all the electrical equipment, 

except the cables, of a central station to one firm the figures are 

reliable indicators of the market shares of the firms for all central 

station electrical machinery. Later figures are in Table 80 P 396

The beginnings of central stations also made for changes in 

machinery* The only major change was a rise, not a very large one, in 

th* size of dynamos. Hone manufacturers took this in their stride* 

Some, like Crompton had already been making central station plant for
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Tablo 62. 

I&nuf&cturora of olcctriool

1832 2LBQ4. »!C 23SO 139J 
16 19 % 72 79 69

Kotora . 2 25 2? 45 40 49
/ 

Arc Uunpe 16 "7 Vv 52 51

Trmcforaero U £3 2V 21

Ifetera 2 5 11 20 22 IB
Traction Equipment 148 

The data havo boon tcfccn fraa a Bi^rora Guido. ^bonovor
amenta ai^n^ir.^ a^uipacnt r^odo by -jvh-rr finra hr»vo tcoi; e 
'out it ia not possible to 0iarantco that this haa been entirety 
tana* Jho iiwsthod of cla^iificatioa hia overlappii1^ oatn^orieat 
and in cooo COGCO apparently almilar categories oontain isarkodly 
dii'fercnt nmubora of firstti. Tliia has boen ollosfod for as 

poosiblo.

Souroei Blectrioal Trades Directory. Buyers Goido. Yariou* yaaira.

Tablo 63.

Itynoaoa inotalled by 5 principal fir: a in Central Stations
19 to the end of 1322, __

% of total*

1100 ' 10

Bruoh 1000 16

916

Ikthor 4b Platt %2 25 

Grooptoxu 842 24

Source: See Table 80.
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Tear 

1888

9
1890

92

93
%•

95

96

97

1 2
Brush Sienona Croopton

125

/ 70
' * '' i

223

200 83 125
4»

235 124

2%. 120 , 250

258 142 '
* ^

258 254

240 284

K

JS ^^JA%P A

It.
22J

k
160

4
130

. I

57
115
126

127

Matter A Platt

17

23

27
20

•

. 15
21
22

19

39
102

+ Estiuiatcd from size 
. capital! output ratio*

plus progress and statistics of

!• Includes engines and tramway rolling stock after 1390* 

2, Dynamo department output .

3* Estimated from KHT figures at an average revenue of £20 per Ktf 
A*R» data for Mather & Platt machinery support this*

4* includes E*P.S. Storage batteries, end nay include sales of "paper*

Sources} Brush Historical Records 
Siemens Historical Records 
E,C,C. Historical Records 
Crompton Historical Pecords 
Hather & Platt name plate books 
Various statements at company meetings
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export* The increasing size and weight of electrical machinery was part 

of the reason for the Brush move* The heavier work was to be done at 

k>ughborou£h and the lighter work in London* It is also shown by the 

expansion of Elwell-Parker into new and large works, into a factory from 

workshop.

The other major way in which the 1388 - 13% cycle differed from 

that of 1879 - 1887 was that the boom was successful in launching electric 

lighting, and as a result of this there was no catatrophio recessiom 

The building of the early municipal central stations indeed led to a 

continued increase of demand* Yet the falling prices of 1891 * 5 

in some ways seemed to do more damage than the collapse of 1883* 'or 

during the middle nineties the British electrical machinery makers 

began to fall technically far behind the Americans arid the Germans 

in engineering progress. In the late eighties and early nineties they 

were not backwardj the chnnge seems to have come vory quickly* As 

we saw in Chapter 2 they showed considerable ingenuity in designing the 

early London central stations. Outside London the £.0.0. built successful 

central stations for Oxford and Wolverhampton on the high voltage d*o. 

system* Although not the alight solution to the electricity distribution
>v

-«'\J

problem it was well worth trying* In 1892 J.S. Raworth of Brush made a

very important innovation in switchgear. He placed switches in metal
1 

pillars for the Vandsvrorth station of the County of London Co* faulty

•witches were common at tha time, and more than one central station was / 

1. R.H. Parauns, op.cit, PP 16$ - 6*
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very severely damaged by fires caused by arcing at switched T':r» nrtworth

pillar waa the forerunner of tho metal-clad switcii^^jt- uaed with ?
2 

success from 1905 onwards. Several very gnr2 iiactricai an4 mechanical
\ 

engineers worked for the manufacturing companies* J.S./Rnwoyth, W*M« Hordey*
11

R,E»B. Crompton and Thjoaa Parker were all first class engineers*

However by the late nineties the E*C*C* and Crompton and Co* 

had quarrelled with Parker and Cromptoru Ubrdey and Raworth had left 

Brush* English manufacturers made no attempt to develop traction 

equipment after 1391, despite their good start* The great new develop1* 

rant in the early nineties, polyphase a*c*, they ignored entirely*

Some explanation for this is to be found in the workings of the recession
i
of 1691 * 5» some in the nature of the capital market, and some in the

workings of Joint-atock companies at the tine,"
3

The recession waa in prices and not in output, and this fall

in prices is at f irat rather surprising when demand was growing, especially 

as there is no real evidence of overcapacity at the end of the boom. 

On the avoiago tho major firms scorn to have been fairly fully employed 

by 1891, and in the following years slightly expanded capacity to allow 

for rising output* Tho number of producers rose sharply from IBS? • 90 

but not afterwards* There ia no good evidence about the aotivitiea of the

1* jbidt, PP 26 - 7 and 77.

2, H.W. Clothier, Spdtchf-oar Stores. Newcastle upon Tyne. 1933* 
P 17* Setter from W.2IU iiordey.

3« English manufacturers also exported plant* Both Brush and Cro. pton 
invested in Australian branches. Those becc**ne vory unprofitable 
with the Australian depression which began in 1891* Demand was 
nevertheless dominated by home demand*
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small firaja and firms with a email electrical department, but what does

exist auegests that output was rising 1891 • ^ and that they wars working
1 

olose to capacity. Despite this contemporaries noticed "unreasonable

price cutting". As early as 1893 the .Electrical Revise had a special 

loader on the state of tho electrical industry c

Min spits of t;\e rapid extension of el octric li"htin«» *nd the 
abundance of work • * . . * we really question whether the state of the industry 
\7?,: ever siore unsatisi'actoty than it is at thr? rresen*, rwnwnt ....... I..
Although most workshops are fully employed competition is responsible for 
t ie cutting down of prices to such an extent that the narrowest margin of 
profit is left; • . * . in many instances the acceptance of tenders oust have 
resulted in actual loss • % , . . a few days ago a well known dynoroo maker ̂ 
remarked that his firm considered when tendering that if they added 10/i 9 
to the total works cost or a dynamo they would expect to lose tha order*

/ Electrical plant was usually built to order. This w«s true of 

.work for isolated plant as well as central stations* An individual order 

was often large relative to the out pit of a firm. An extreme example 

is provided by the Brush contract for the City of London Co., begun in

1391* It was worth over £$00, 000 vhon the f inns average annual output
3

was about £250,000. ftith intermittent large orders queueing theory leade

one to expect either vezy long delivexy dates or that finns would find some 

part of their capacity unemployed pericBLcally. Capacity does aeon to have
**

been high enough to keep delivery dates fairly short - i.e« not ouch longer 

than tha avorare time of manufacture at something approaching a maximum
/, /

1. E.R. and Elect, Reviews of 1890, 91, 92, 93. 9L and 95.
•i- ffToct« 2"anono Januaiy 1891, 1 January 1B92, t> January 2B93» 5 January

13%, 4 January 1895, 3 January 1A96. 3.R. 6 January 1B93» 5 January
189k, 12 Januaiy 13% and 19 January 1B94-

2. S.K. Vol. 33 PP 85 - 7. 28 July 1893.

3. Elect. Vol. P 18 September 1891
v
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1
rate of work. Also references in company reports do suggest abort term

variations in the degree of utilisation of capacity.

Costa varied little with short term fluctuations in output*
2 

Capital costs fell only slightly as work in progress fell* Labour oosta
»

fell little as skilled labour was largely employed, and could not be 

varied in quantity in the very short run. Thus when capacity was 

underutilised there was a temptation to quote low prices.

1 If prices were falling for this reason one naturally wonders 

why oapcity should be rising. But the technique of production coupled 

with large Irregular orders provides en answer. Electrical machinery 

was made by skilled labour with relatively simple multi-purpose machinery 

in large erecting shops* Building a new shop was expensive but once one
/r

existed its possible throughout capacity could be simply and cheaply 

extended; by adding a few extra machines and using the floor space more 

intensively* A firm would not hesitate to tender for a contract which 

required slight additions to capacity of this kind. Once it was created 

firms would wish to use this capacity which could then exercise a 

dampening influence on prices*

These factors were reinforced by the fact that successive Jobs 

differed widely. Small improvements were continually talcing place in

1* This concept is unfortunately far from precise. But all that is / 
implied hero is that, given usual techniques of production, a piece ol 
machinery took (roughly) a minimum time to manufacture. This time 
could not be reduced without a change in technique because of limits 
on the number of men who could work simultaneously on it end the 
traditional liudts to the workixv day. In the absence of any 
detailed evidence it would ue fussy to worry too much aoout precision*

2. There are tuo many difficulties in figures of capital employed and too 
gow output figures for one to be able to say ouch about the importance 
of capital costs. The fixed capital and stocks: output ratio seems to

4*1
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design. Finns undertook a wido range of jobs and there were few Jobs 

in the aggregate. Also customers of ton hod firm views about the 

specifications for a job and they usually differed from each other* 

the cost of a job could not be foreseen accurately* Under pressure 

firms were optimistic about costs.
»

There was a change in the method of selling plant to central 

stations in the first half of tho nineties which intensified the forces 

which could lead to low tendering* In 1888 - 91 an electricity supply 

company ordered all or nearly all of its initial plant from a manufacturer. 

The latter was largely responsible for the design cf the plant, and 

subcontracted for items he did not wish to manufacture. Sometimes the 

engineer to the supply company was also a manufacturer, two notable oases

being Crompton and Ferranti. But this system soon gave way to the
1 

techniques of employing a consulting engineer. Ho designed the plant and

specified more or less closely the desired operating performance of the 

equipment, for example the efficiency of transformers at varying loads and 

the steam consumption of generating units. The tradition became quickly 

established that these consulting engineers should be Independent of the 

manufacturers. Naturally there was a period of transition* In 1893 

Electrical Review commented several times on the alleged connections

1. B.R. Vol. 33 H? 85 - 7. 28 July 1893*
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1 
botwcnn consulting en^lnoora a:id roftnufi\oturora. But by 1395 thqy do

t

iron to havo boocxne inctopenuont. The chnn^e wno lnrt ely, the roeult 

of the beginning of n nicipal electricity supply*

The change had two important effocta* In the first place 

specifications became more detailed* Variations in the operating oosta 

of to* Machinery of different makera were thua aubatantially reduced* 

In order to get tUe plant with the lowoat total ooata (capital find operating) 

buyera oould oinply choose the loraoat tender* Cotaoetitlon between f irma 

moved in the direction of cwre price oooQ>elitian f exty froo product ocapetitlofe 

The distinction ia one of ecipliaols; too ouch con be oade of it but it ia 

plausible to cuppose that in fact if not in logic price oanpetition would 

reduce profits each o^ro rapidly in the abort run.

In tho second place closer epocif icationa, togother with the 

attitude of municipal jurchsscro in particular* brou^h/ in the apparatua 

of guarantee and penalty clauses* I'unlcipolltioa generally oiatruated 

ooqpaniea operating for profit* tiich of tbe work cooiaieoioned by 

flunioipalitloa in the paat was building work whore they had been confronted 

with local monopolies* Thua they hod otiff contract tcnua, one of the 

important clausoQ being that the corporation^ engineer ahould be the

1* There was adverse* costxnt v;hon R. Lr^ ,;ir>ond bcca^no a consulting engineer* 
Tho Electrical Psviog coaplalnocl that f,fho caa'iot poae aa an independenl 
consulting; enrinccrj ho la otlll openly connected with tho mnnafoo* 
turlng end contrcvctlng doportanonta of 4 or 5 different companies** 
JtS, Vol. 33 P 2W. 1 Sejiteaber 1893. It woo aloo alleged that 
UaiBiiond1 a conr^ectiono with J. For/lor & Co* led to the acceptance of 
Fowlerfo tender for Coventry* B*R. Vol. 33 PF 6?0 and 701. 
22 and 29 Dooec*or 1393 and Itarport, £.R* Vol. 34 F? 35 «* 7«



aole Judge in disputes between contract or a and the corporation* Penalty 

clauses were strong* Thia type of contract waa applied to the building of 

electricity supply stations, where sellers had much less monopoly power* 

The machinery manufacturers were not in a poaition to resist theae clauses* 

In their situation one would expect the propensity to accept them to be 

stronger than that to offer lower prices. Possible penalties could seem 

a long way away* Yet if the firm failed to maet ita guarantee it could 

be very expensive. Thia factor often lowered profits even though it did 

not lower prices.

Even though electrical machinery manufacture waa highly concentrated, 

firms did not in any way act together to keep up prices. On the contrary
•

they cut prices aa soon aa there waa a possibility of working under 

capacity* Crompton in particular became somewhat notorious for tendering 

low prices* At the annual meeting on 9 August 1896 one of the shareholders 

remarked that he heard a good deal about electrical business in the City, 

and he had been informed that of all firms that went in for cutting 

contracts Crompton and Co. were the very worst* To this Crompton replied 

that it waa difficult for any firm to get profitable contracts unless they

took financial risks* The Chairman'declared that business could not be
1 

obtained unless the tender was very low*

There was another important reason, in addition to those discussed 

above for the fall in prices 1891 - 5» Thifl v&* the state of mechanical

1* E*R. Vol. 37- FP 223 - 9. 23 August 1696*



Many of the firms entering the market for electrical 
equipment in 1833 * 90 were established mechanical engineers, who added
an electrical department. In 11389 and 1390 the Economist reported that

1 mechanical engineering was very buoy and prosperous. Then prospects
2began to wane and 1893 was a year of "particular anxiety and depression. 1*

In most branched manufacturers were working well below capacity. 
Employment was below that of 1692 and priced and profits were low*

*

But electrical engineering was relatively active. In 1394 mechanical
*

engineers, iron founders and machine tool makers were depressed. 
But the demand for electric lighting plant continued to be high* 
Much work was done by "those who having had experience as makers of
steam engines, have added the manufacture of special electrical3
appliances. 11

/
' The accepted way to develop a new lino seems to have been to 

charge low prices until there were satisfied customers* And the elasticity 
of demand for electrical plant was low. In ita 1893 article on price 
cutting the Electrical Royiew argued that the principal reason for price

«

cutting was "advertisement11 . "There are many notorious ezmples or work 
done at a loss, simply to attract attention." It thought small firms were

The Reviews of the year. 

2, Kcnnoinintt Review of 1893* Supplement to the issue of 1? February 189V*
. Review of 1894* Suppleirent to icsue of 16 February 1895* the Electrician also ocwrnonted on the competition of those who combine electrical and mechanical engineering Vol. 35 P 716* Zf September 1895*
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mainly responsible for leading prices down* *

wlt ia no uncommon occurrence to find in a list of tenders some 
three or four of the largest finns quoting within a few pounds of each other 
for large work and smaller firms offering to do the work for, perhaps 1 
two-thirds of the price at which more responsible firos would undertake it* 19

The recession reduced profits. But manufacturing firms were also

handicapped by the structure of the capital market* As *T«B. Jeffreys
2 

has shown the capital market was to a large extent geared to dealings in

fixed interest securities* They were what lenders float wanted to purchase.

But he has also pointed out that in the eighties and nineties there were
» 

considerable supplied of funds which bought ordinary shares in time of

boom. However, in the case of the shares of eleotrical companies there 

is a difference between the eighties and nineties. In the boom of 1882 it 

was easy to raise money for electrical enterprises, in the boon 1838 » 91 

ouch less easy* The speculation and over optimism of 3332 and the 

subsequent losses by shareholders made lenders very cautious concerning 

electrical enterprises* Matters hod been made worse by the practice, 

coramon in 1832 - 3 of issuing partially paid shares and making calls when 

the companyfs output slumped* Eleotrical manufacturers had to borrow at 

least some of the money they required at fixed interest* even in the boom* 

Such was the case with Brush* At the end of 1888/beginning of 1889 some 

new shares were issued bringing in £^,640. In 1889 a call was made in 

partially paid shares making them all fully paid, and some more issued* raising 

£24*356. As late as 1892 £11,223 was raised by the issue of chares. But

!• B,R. Vol. 33 HP 85 - 7. 28 July 1893.

2» Trends in Businoss Organisation since 1656* Unpublished London 
Ph.D. thesis. 1938.



in 1390 Brush issued £75,000 of new debenture a. let even fixed interest 

borrowing could be difficult* Crompton seemed to bo particularly 

unfortunate. In the end of 1839 and first part of 1390,£25,000 was 

raised on 5/» debentures* But an attempt to soli another £25,000 of them 

did not succeed* They were offered to the public in the summer of 1890| 

by March 1691 only £10,800 of them had been sold* In the autumn of 

1591 an attempt was made to sell £50,000 of preference shares. But they 

did not sell very well and a year later the company tried to sell ordinary 

shares to the value of £120,000. How well the ordinary shares sold we 

do not know, but in February 1694 the directors e&ked for power to borrow 

up to £100,000 in 4a/£ debentures. They were to pay off £50,000 of 

existing debentures (presumably most of the second batch of 5/& nod been 

sold by then) and the loan from the bank which was £13,000. Although 

by August 1894 the purchase of only £32,000 of these debentures had been 

promised, by March 1895 £32,850 had been subscribed. This paid off the 

bank loan and left some funds for working capital.

The speculative nature of ordinary shares, while it made it 

difficult for some firms to raise money except at fixed interest, in other 

oases encouraged financial manipulators* The E*C*C. suffered badly in 

this way. The firm started with the desire to help the extension of 

electric lighting not only by supplying machinery but by providing finance. 

Some contracts were paid for partly in cash and partly in shares* Large 

sums wore spent on backing Lane-Fox in a potent suit against the Kensington 

and Knightsbridge Electric Lighting Company. There was also considerable

It On the parallel connection of incandescent lamps.
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buying and selling of patents, licences and oth-r speculative paper* 

Preference shares fifid debentures were issued to pay for alleged increases 

in business while as early as September 1892 the ordinary dividend was 

passed. Some of this activity was probably fraudulent* Tho Chairman

of the E.C.C. was Jabe$ Balfour, who was also involved in the frauds thatJ 1 
brought down the Liberator Building Society. In 1892 Balfour was exposed

2 
and fled to South America*

Borrowing difficulties pressed particularly hard on the electrical 

manufacturers because they wore also substantial lenders to their customers. 

Plant was often paid for partly in shares. This partly reflects the 

difficulty electricity supply companies had in selling ordinary shares*

In the 1990s these shares were of new companies and they yielded a very
3

low return. Often no dividends were paid for the first few years*

The municipalities, happily for the manufacturers! paid cash* But they usu*

ally did not pay promptly, keeping a large share of the payment until tht
4 

equipment was erected and working. Brush claimed in 18% that it had

£50 * 60,000 tied up in this way.

1* R.C.K. Knsor. England 1870 - 1934 London 1936. P 323-

2* Soe also J«W. Beck. A brief histoiy of the Electrical Power Storage Oo* 
Unpublished typescript in tho library of the Institution of 
Electrical Engineers,

3* The return on such assets was low even of tor the 1890s. Data is
available for trco companies. For the E*C,G. in tho 19 years between 
1896 and 1914 the percentage return \vaa abovd 5/* for only two years * 
when undistributed profits invested in a reserve account are included • 
and for 9 years was below 3/«* These shares however included E*P*S* 
shares. For Brush figures are available for 9 years between 1901 and 191 
The rate of return was above 5/u for only two years, and below j;i for 
five years.

Elect* Vol* 35 P 716. 2? September 2B95-



The big increases in lending to consumers came during recession 
periods, when electricity supply companies could not easily sell shares, 
and when competition among the mnnufactiirera was at its strongest* 
Lending increased nuoh more rapidly than output. The boat financial 
figures available relate to Brush, and are given in Table 65 •

Falling prices seem to have squeezed profit margins from 1391 
onwards. But as output was rising and capacity could be added at the 
margin qjiite cheaply total profits generally did not decline until after 

Nevertheless lending to customers reduced the rate of return*
Brush is the only company for which we feave good figures* They are

1 given in Table 66 are probably fairly typical*

For a temporary recession profits were not very low when 
calculated in this way* But the return on issued capital was
considerably smaller* In the case of Brush the return on issued capital/
plus loans seems to have been 6 - 7$ in 1892 and as little as 2*5$ in 
1895- 2h* difference between liabilities and assets was largely made - 
up of the value of patents. The market for patents was very volatile*

and it is impossible to say much about their value. Nevertheless there 
can be little doubt that firms consistently overvalued their patents. 
They often simply paid too much for them*

The combined effect of falling prices, rising leading to 
customers , borrowing heavily on bonds, and pact overcapitalisation of 
patents and goodwill would easily produce liquidity difficulties* As * 
largo proportion of output was in a few large contracts profits could

1* See Table 74 for profits of Brushm Crompton & E.C*C» in the nineties calculated in a slightly different way*
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Table 65. 

Brush assets 18 ( J7 ._- 1895

(i)
fixed capital

1
(2)

Stock & work 
in progress

(3)

Shares in
other
companies

(4)

Net trade 
lending 2

As at June
2887

1890
"91,

,.
92

93 • ,\

94*'•

£

82,733

134,701
% '

128,551
.

138,0*

347,949
151,660

154,148

£

64,448

84,468
,

78,326
;

77,391
. \

91,556
•* ;

114,681

100,829

£

988

11,534
15,092

,

39,399
42,732

*• *

42,915
61,237

£

33,262
16,638

32,734
27,491

78,455
* * .' r

86,367

96,543

]* For some years figures are estimated by interpolation* 

2* Debtors minus creditors.

Source: Brush annual reports and statements at annual meetings*

The rapid rise in financial assets (j & 4) stands out* Between 
1890 and 1595 they increased by 460/0 while real assets (l & 2 ) increase* 
by 16/a. The experience of the E.C.C. is similar* No figures are 
available before 1894* But between 1894 and 1896 the value of output 
rose by 30/b, fixed capital rose by only £7,077 (2/J) &&& stocks and works 
in progress by £15,026 (35/<>) while financial assets (net trade lending 
plus shares of other companies) rose by £37*053 (35/0
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Table 66. 

Brush profits 1890 * 95.

Profits 
£ 

Tear ending 
June 
1890 20,029

1 23,854

2 35*661

3 34,395

4 35,281

5 15*394

% on items (1) A (2) 

9.1

11.5

16.6

14.4

13.3

6.0

Source I Brush annual reports and statements at n 

Accurate calculation of profits is not possible.

8.1

9.4

13.4

9.5

8.9

3.7

set ings. 

The Dubliehi
are given net of debenture and other interest payments. It is only 
possible to make a crude adjustment for this*

fluctuate suddenlyt Sometimes penalties led to losses on big contracts 

which would hitherto have been profitable* Sometimes costs were bad]/ 

underestimated. Brush ran into difficulties in 1395 because of a loss 

on the City of London contract* Generally Brush profits were fairly 

stable* On the other hand the profits of the dynamo department of 

Siemens show very considerable fluctuations.

Those liquidity difficulties seemed to have caused considerable
1 

tension between the engineers and business men in several of the large

1* i*e* men simply with couaeroial experience*



Table.67- 

oiomena Broa> Profits on electrical machinery*

1388
;,

• 1889 -1,6?5
I

1890 17,823
*

1 1,226

2 629

3 • 12,577

4 - 4,155

5 , 9,824

Souroet Siemens Bros. Historical Beoords.

fiimo. From the early days business *aen had an important say in the 

policies of eldctrical firms* Control- or partial control • by business 

men was part of the price of becoming a Joint stock company. Electrical 

manufacturing firms tended to be controlled by engineers only when they 

were small partnerships. Brush had always been controlled by business 

oezu Li 1888 - 9 Slweil-P&rker became part of the 1S.C.C. and Crompton 

and Albxi&ht became Crompton <fc Company Ltd* In 1890 the

.Review collected figures of the occupations of company directors in 

established electrical companies. Only 20;« of directors were engineers*

The non engineers were often skilled in the market place * in buying and

!• IB,* had titles, 9^ were lawyers, 8/u were militaiy men and 
were business and gentlemen.
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selling* But they had no basic understanding of tho technical issues 

involved. They no doubt picked up a lot of technology but they had not 

enough wide knowledge or deep und^r-tandin^ to bo able to see the 

importance of now development 3t They tended to bo very excited about the 

prospects of new inventions in boous, and very cautious about them in 

recession**

In t.io companies, the 2.C.C. and Croapton,we know there were 

serious quarrels between the technical and counercial staff in the 

middle nineties* In the case of the B.C.C. it was complicated by the 

Balfour frauds. The financial position was such that the company had to 

be reconstructed in 1893 * The management structure waa altered* the 

board was almost completely changed. The old one had been large with 

sub coracdttees* Co-ordination was bad and the main board vraa often
/ ,

igporant of what was going on* Several of tho senior officials were changed*
/

K. Garke, a commercial man who hod helped in the re-organisation of BrusJ> 

in 1883 wan appointed managing director. The new administration soon 

however cawe into conflict with Parker, and in 1594- he, &nd three important 

heada of departments resided, presumably not liking the way the re^organ* 

isation was taking place. The Board had no desire to retain Parker as

Works Director yet wished to keep hin aa consulting engineer. Thia Parker 
•
declined and in A ril 16%- he left S.C.C. to set up a company of hia own,

1 
T. Parker Ltd* The ner; E»C.C. board secais to have thought that

extravagant experimentation was one of the causes of the troubles of 2890*3.

1. Elect. Vol.33 P58514 September J3%.« Chairman's reioaxta at Annual
Meeting.
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Within Crouton arid Co. there was a quarril for years between 

Croiupton c: Albrijit (the joint managing directors) and tho commercial 

ann. % tiia and of 1393 the Board had coma to dislike tlw idea of two 

BMW^ing directors ostensibly bacauso thoy felt their salaries were too high*

The major disagreements seeia to have been with Albri^,ht and in D3J3 ha left 
2

the company* But Crompton also had his differences - "oven before the

Doer War a certain amount of difficulty had arisen, and anr relations with the
3 

firm had euf f ered" . He wao however to "continue to superintend the

technical side". In practice Croiupton took progressively less part in the

aifaira of the company and certainly had no major influence until after the
4 

first world war* !«'.£» Reeves the Secretary becams the general manager*
t

Control thus passed decisively into tho hands of the business men* 

The Chairman's speech explaining this is worth quoting for the light it 

•hows on the dispute between the business &nd technic&l sides of the business*

"In the early days of t'.ie ccrcpony there was a great doal of 
experimental work to be carried out . . . . . It required a great deal of 
application and attention on the part of those vrho wars responsible for 
technical details and there is no doubt that, whilst the technical side 
of your Uioineoo has been developed to the vary highest state of efficiency 
the business side had got into a somewhat confused condition..... After 
considering all sides of tho c;ueiition it was decided that what was 
required was to define more completely the two department s, namely the 
tcclinical side and the business side. I hava already said, thanks to the 
work of your technical advisor, principally Mr. Crompton the technical aids 
of the business is very good iiidced. In order to provide for the 
business side, the Board resolved to appoint a general manager, who should 
not be a ae/iiber of tue Board, but open to every possible criticism and 
under the most complete control**^

!• Letters from Viscount Kmlyn (the Chairman) to Crompton 27 Noveober
' 1> December 1053* Crompton Historical Record* •

2« Elect. VolJfX) I^ce IS loorch 1B50.

3» R.E.B. Crompton. I>CLdniaccr.cqa_ P 20?.

4* He was very much involved in founding the Klecurioal Engineering
branch of the Royal Engineers. He served in the Board War* After it 
his main interest reverted to road transport* v
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There waa sonothinfc in what he said. Soars technical derelopmsnt*
f

had oeen pursued without caroiul consideration of possible profit ond loss* 

R.K.B. Crompton had started an electric hooting and cooking department in 

1&96, considering th&t thoj were going to bo more important than electric 

power* fJ?his was a curious decision considering tho very high cost of 

electricity. Yet what is significant in Eral^nf s rcmarko wne that he 

wanted to define more completely tiio two sides of the business, not to 

unite them. The commercial men had always felt that business matters should 

be kept away from the engineers; this was new to happen all the more*

Of the backrfardnoaa or British electrical machinery manufacture in 

the middle end late nineties there la no doubt* This ia oherm both in

large and email oatter*»« She t.ro major developments of the early and
1 2 

middle nineties, electric traction and polyphase a.c. were neglected or

ignored*' In making smaller improvements like adopting multipolar rather
3

than bi-polar dyuaoioa they were alao slew* Brush waa slow to develop
f 

improvements Whea it iiioveu to Lou^iiborou^h the company resolved to develop

its own high upeeo engine. But -it took a long titae to do this, and it 

was not until 1396 that J.S, Katforth had developed the "Universal* engine 

to tho stage whore it could bo placed en the market. This was too alow* 

Prom the late eighties on, the suoco.a of the VTillano high speed engine 

must have made it clear lhat the rate of return from a similar engine was
•

I. See Chapter 5 Pp WO - 1. 

2* 800 Chapter 6 & 251 - 3-

}• Professor Guido Semenza writing in L'Slettrioiata* 
Quoted by R.H, Parsons, op*.cit* P 165
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high. Also the small high speed engine wax* obsolete for most power 

stations by 1900, because of big increases in the minimum efficient size 

of generator* How wuch financial stringency delayed the development of 

the Brash engine we do not knawr, But Rasrorth was an able engineer, end 

the Falcon works wore ^quipped for building steam engines* Also there 

seems to have boon no groat interest in electric power • In 1893 Brash

an agreement with the Otis Elevator Company to make electric liftsf but
1 

the first Otis lift was not built until IB 93* TJOTO v/na no other

apparent interest in electric potfor - certainly it was not considered 

important enough to be mentioned in the quite full reports and Chairman1 • 

speeches*

I hava argued that illiquidity was a major factor retarding 

development expenditure* The effect of the return and the structure of the
' *"

capital oarlcet in causing this illiquidity apply to three of the major
;

producers, Brush, the E.C.C. and Croaapton* But Hather & ELatt and Siemens 

had other business activities. Unfortunately we know little at>out Hather 

& Platt* However mechanical engineering was depressed in the early nineties 

and we may presume that they too suffered from liquidity problems,

Siemens seeus to have had the same trouble but for rather special 

reasons* In the early nineties it was still primarily a cable asking firm* 

In the four years 1392 » 5 tho value of the output of dynamos outraged

, $6*6 p*a. while that of cable averu&ed A.C7,C£3. lit the late eighties

typescript
among the Brush Historical records.
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the cable business slumped, from an average of £624,641 p*a» in the six 

yoara 1880 * 85 to an average of only £271,059 in 1086 - 91* Hence 

dynamo manufacture could be expanded in the yoara 1O - 91 without as big 

an increase in fixed capital as in the case of the other companies* let 

fixed plant continued to increase when the cable output grew again and 

electric wiring uras installed in the works* Ho increase in financial 

assets appears in the accounts, but they were very heavily weighted 

with the cable business*

T&ble 68. 

SieaansJBros* Assets 1837 - IS9S*

Fixed Capital , Stock aad work in Shares in other
companies and net 

Lng*

1887 154,596 73f391 190,578
89 162,069 103,396 274,278

1891 * 155,473 85,292 175,768
93 189,337 , 211,195, •> 4,133
95 207,5o9 143,069 181,541

Source! Siemens Bros, Historical Records*

Siemens Bros* in the nineties was closely controlled by Siemens 

and Halake in Berlin* When William was alive it was more independent* i 

Van Loef fler who succeeded William tried to make London almost complete!/ 

independent* A quarrel with the Siemens family in Berlin developed but

Loeffler lost, resigned his managing directorship in 1838 and loft
1 

tiie company altogether in 1890* Werner Siemens datenained

1* For details of the dispute see J*2>. Scott op.cit*^ PP 66 *
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that the new managing director should be one of the family and under close

control* Alexander Siemens, a third cousin to the brothers, who had bean
1 

in charge of electric lighting development since 1683 was chosen « Ha

waa kept on a tight rein* Almost all natters of significance were full/
/ 

reported to Werner and Karl* Werner died in 18^2 and Karl seems to have

treated Alexander very ouch as a Junior branch manager. Short tern capital

came largely from Siemens and Halsko and the Deutsche Bank in Berlin*
2 

This hampered Alexander even in his rather cautious policy* J.D. Scott

comments that the response from Berlin to his suggestions does not seem 

to have been as Harm aa he might have hoped* Berlin seems to have been 

responsible for technioal developments* There were probably economies of

scale in this arrangement, but it would have hindered Siemens Bros* in so
/ 

far as close contact between the market and innovation was necessary for

innovations to be adopted*

1* - Born 1847, educated in Germany* Worked in London in 1367* Returned 
to Germany. Itotumad to Er£lnnd 18?1 and worked as a pupil of 
William's moat^y on regenerative furnaces* Pied 1926.

2* J.D. Scott calls Alexander's policy an "ambitious, fighting policy** 
tVhile I huve not had detailed access to interne! material on tliia 
point this view is not confirmed by the tone of Alexander Siemens1 
public atateiients* Sos Chapter 6 P for comments on electric power*
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Chapter 8.

The Manufacturers of Electrical Machinezy 
______ 1896 * 1914.

This chapter covers the groat boom of the late nineties, 

the following recession and the boom Just before the first World War* 

Table 69 gives an indication of output trends, although the boom of 

1911 * 14 seems to be underestimated. Section J deals with the boom 

and period of new entry from 1696 - 1903* Section Tl deals with the
* >

difficulties of the recession 1904 - 10. In Section ]yj the structure 

of the industry after the upheaval of 1896 * 1903 is discussed* 

Section 1? discusses the 1911 - 14 boom* Sections 1, 11 and IT contain 

tables showing the expansion of firms in the Alternating periods of 

quickly and very slowly rising demand.

A new phase began in British electrical manufacturing in th» 

late nineties* There was a major boom lasting from 1896 - 1903, a 

large number of new manufacturers, and the rise of important new firms 

who eclipsed the existing industry leaders. Two principal factors lie 

behind the change in the order of importance of firms; one was the very 

rapid rise in demand, ond the reluctance of existing home manufacturers . 

to expand) the other was the development of new products.

Up to the middle nineties electrical machinery was principally 

dynamos* The rise of electric traction from 1897 onwards was the main
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Table 69. 

Sales of Electrical T.tnchinery

1896

97
96
99

1900
01
02

03

.04

05

06
07

06 

09

1910

11

12

Sales to 
utilities

£000

6V7
840

, 1,210

1»799
2*740
2,705
3,100

3i329
i

2,827 j- 

2,347
2,061

1,378
r

1,1^2 

966

978
932
82?

Other home Total home 
sales sales 

current 
prices

'£000

•

107
340
235
211

.350

720

846 

1,024

1,311

2,737
1,002 

2,305

1,429

1,092

1,440

£000

•

: 1,317
1,939
2,975
2,915

3,450

' 4,049 

3,673 
'3.371

3,372
4,115

2,164
i

3,271 .i

2,407

2,024

2,267

Total home 
ealoa
190? 
price*

£000

646

1,143

1,905
1,847

2,054

2,436 

2,329 

2,869

3,502

4,U5

2,339 
3,083

2,990.

4,478
5,224

Export balance 
(exports *> impo

Current 1907 
price* price

£000

-82
~N

38 

185
304

426

808 

938

1,080

800

886

£000

^9 
24

157

316
426
874

•

884

1.342

1,770

2,041

13 1,276 1,316 2,592 5,972 1,023 2J71 

!• Electricity supply electric tranwaya and the London Underground* 

For method of calculation see Appendix P 502*-.
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factor that changed this* The traction motor of the late eighties was a 

modification of a dynamo. However the traction boom in the United States 

J890 led to the development of a specialist traction motor, complete with 

special control equipment* Between 1689 and 1895 there was very rapid 

progress in design* f The operating efficiency of traction motors rose| 

their weight per horse power fell; their electrical design was improved 

to moke waterproofing them possible; gearing was improved to reduce 

noise and maintenance* At the same time when demand was high American 

manufacturers wore able to build large numbers of traotion motors at low 

unit costs* Jlotor prices fell dramatically; from &,5GO for a two

motor equipment in 1889 to #2,600 in 1891 and still further to #750 in
1 

1895* All prices at this time were falling rapidly but H.C. Passer

atttibutes 35/J of the fall in motor prices from 1891 to 1895 to

improvements peculiar to motors - that is in addition to the improvements
2 

which reduced tho price of railway generators* In these very years >

1391 » 95 English electrical manufactutfera ignored traction motors, for 

which there was no demand.

As well as introducing specialist traction motors and 

control equipment, the rise of electric traction stimulated further

changes in generators* Traction put much heavier strains on generators
3

than did lighting, and traotion generators had to be more robust*

Also, both because tho amount of power used by a tramway in the average
i

town was much greater than that used for electric lighting, and because
t i

1* H.O. Passer. op.cit* Chapter 1?.

2* Railway generators niay bo taken as typical of all rotating plant exoepri 
traction motors. If there is any bias in using their prices as 
estimators it lies in overstatement of the average price fall*

t- Chnnter 5« Section.
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the change in the load throughout the d$y was less, it became better to

use bigger generators* This reinforced the move towards bigger generators
1 

for lifting stationa^ which was taking place at the same time. This was

a limited movement* as most of the plant installed in British Central 

Stations in the late nineties wad still quite small* But nevertheless it 

caught home manufacturers on the wrong foot, for two reasons* Firstly

because they were committed to building small generators for high speed
2 

engines, and the size of high speed engine could not easily be increased*
»

The larger, slow speed generators made by German and American firms were of

a different design and required different productive resouroes to manufacture
3 

them* They were physically much larger pieces of machinery* Vhen in 1899

the S*C.C» decided to begin making slow speed generators they had to put up *

now shop equipped with two special extra-large drilling machines* Secondly/
these large generators wore partly becoming more advantageous because they 

generated polyphase a«c* For traction, d.o. motors were much better than 

a.c. ones. But a.c. offered much cheaper transmission at high voltages* 

Thus in the middle nineties American engineers developed a system of high 

voltage polyphase a.c. transmission and conversion to d.o* for feeding
,-

sections of the tramway or railway. Single phase a*o. wan not suitable for
4

the converting plant. Lighting was often on a d.o. distribution network*

A cheap way to increase capacity by the late nineties was to build 

new polyphase a.c. central stations, transmit at high voltages and

1* Chapter 3»

2* Chapter 3. P 93.

3, The 4000 KV/ flywheel alternators at Manchester1* Stuart Street station 
weighed 112 tons each.



359

convert to d*o. to feed the distribution network,

The movement twranla bigger #sneratora wa£ alao sticulatad by
1 

the dovalopraont of the Paraona otoaa turuino, The turbine had peat

over other generators in ior^o siz?a and af tor 1903 super-ceded 

the large slow speed generating aot. Eynaraoa for turbines wore rather 

different from generators for either hitfi or Icn? fipeed reciprocating engines* 

They frcre subject to particular cwchanlcal strains because of tiieir vexy 

high speed of rotation* The stresses 7/ore lArticularly bed vith big 

plant* ?or example quite eon&ldorable difricultioo wero experienced 

when the first 350 &? turbo-alternatora running at 30GO r.p«m. were 

Installed* Tttsro were teething troubles, particularly with the alternators,

whioh vent on for about oi^lktoen sontha, although after that the sets
2 

vottfeed vail* The development of the high speed alternator is as such

Paroono's aohieveoent as is the ateaa turbine* Kearty ail

sro due to him, and until after 1901 - Oi no other Sritish eleotrical

en^inoors shoved ary intorost.

Tlioro were either motor generatora or rotary converters. The fortaer 
wao an a*c. 'aotor on tho &a^io Giioft ao a d*c« goaorator» the latter 
a machine isrith an ann&ture wound for both a*o. and d«o« 9 with ato* 
elip iuzi£o on cne eiki of the s^hai't ruid a d*o* ooEuiutator on the other* 
Notary convortors were oheaper» although thqy needed a narrower

1*> Chapter

2* R*H. Parsona, op.cit* II* 79 - 85*
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Tho advent of factory power Introduced a rather new and more 

specialist product * factory motors* Before the late nineties most 

electric motors were little different from dynamos* This was because

very little electric power was used* But with the advent of three
1 

phase a*o* and the big reduction in motor prices 1901 - 05 many more

motors were used, and attention was given to particular desigpt problems, 

and to particular manufacturing methods* During the years 1901 * 05

specialist machinery Wasiput -dotfn in BhgpLishJslbctrical machinery factories
>'• i

for making industrial motors* But there was no divorce between motors

and other plant* Large motors •> more than $0 - 100 h*p« were little
«i 

different in particular technique from small generators and rotating
\

converting plant.

The emergence of these new tub divisions of electrical machinery,

traction equipments, large generators and factory motors led to considerable
i

1 entry into electrical manufacture* Traction equipment alone attracted 

three very large firaa, all bigger than existing home manufacturers* Two*
N

British Thomson-Houston, and British V/estinghouss were offshoots of existing
2 

American manufacturers of electrical machinery* The third, Dick, Kerr

A Co. was an established mechanical engineering firm specialising in road 

transport with considerable experience in building equipment for cable and 

oteam tramways* B.T-H and British Westingfrouse did not begin manufacturing
•

in Britain until 1902, but before that large quantities of equipment built

1* Chapter 6. P. 258.

2* British Thomson-Houston of General Electric Co. of Soheneotady K*I« 
and British Westinghouso of the Wostinghouso Electric and Uanufac 
Co* of Pittsburg Pa*
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at Schenectady and Pitteburg vrere installed in Britain* B.3VH* woa one
the 1 

of the prime rnovera behird^te^^jinlnga of electric traolicn. At firot
2 

0.M1* waa a sales agency for A/n-rican equipment* Although the capital

woo largely in German and French, aa well ad /uuerican hands, the engineer!

were Aocrlcana. General ^.lectria provided too of ita beat traction
> k 

engineera, H.F, Parehall imd H*M* Uobort. AU the plant toco*pt oeten
5 

cas» frott General £ loo trio.

1. Chapter 5» & 171 - 2, 198.

2t In 1336 Iioing Whorton and Dam had been fonnod to coll Thamoon*!Iouston
arc limiting equii^ent i? Britain* Li 1!'A thJU) wcxa reconstructed 
03 Britioh Xhooson^IIoucton* In }£>% D.MI. van recomtnioted with 
the cwio iiauo, and the Iha^gn-IIouston fraction patenU acquired.

!], ]l?o^inlnconco3 t privntcly printed 1946 P 11 and R.S. 
U» loBiifioiS, ^fi^^^r^gnjlgatj..^ London 1335» Apx«n£ix 3.

Devoloj^or.t, ^n^Q.rifmlGatioTiotrA >?«•!•. by £• talker, P

3. Born 336$* LlUford, He^r Yor!:, Educated at Cornell A
wioa. Worked tiritii S^a^ue Electric Kailwu^ and l^otor Co* 
vmo one of the ffioot important traction pionooro) lie 

chief en^Lntier or the V/iGnttlrow Lynaxo ^ Hut or Co* in 
Ealttooro where he devolopod the 4 polo alow speed railway motor* 

lie then becDiso chief dcsi£nin£ cng.no or of Kdi^ju Gei^cral iilectrio 
and stayed on oa such when General Electric woe f onaod*

Graduated fro- I^«I,T. in 133^« Worked firot with Thoacon-ibuoton and 
then Cencral Electric. I2o Joined 2,T.Ii. in 1055 1 In 19CO he 
to the Union Electric Co* as a chief do&igning en&inoar for d«o* 
B»ohiuory, In 1503 he rotunaed to England 00 a ooneulting 
engineer*

« Reminioconces P 10*
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A very large amount of the traction motor equipment used 

in Britain in the early days of electric traction waa American* As 

the early electric tramway and railway contracts were usually for all 

the electrical equipment,the statistics of the makers of generators 

give a good picture of the general situation in the absence of other 

figures. At the beginning of 1893 the Electrical Trades Directory 

gave details of 384-0 K$ of generators in traction power houses* 2850 Xf
i

was distinguished by maker; 35^ of this was made by General Electric sad
i

Westin$iouse» Generators totalling 11,420 KW were in the course of 

manufacture or erection in new traction powor houses* 10,860 Kff was

distinguished by maker; General Electric was supplying 9, COO Kff and .
\ 

Westinghouse 1,200 KS7, Figures or motors supplied are unsatisfactory

but there is no doubt that in the years 1897 - 1900 the General Bleotrio
<i

motor supplied through B.T*H. was not only used more than any other 

make of motor, but probably more than all other motors put together,
»

B.T-H* were so successful that it is not surprising that they 

were soon looking for manufacturing facilities* A union with Siemens Bros* 

was proposed which would provide B.I-H. with a factory, reduce competition

and pool engineering experience* But the Siemens Directors in Berlin .
2 

delayed and the idea lapsed* General Electric then bought a controlling

1, Siemens & ilalske were strong in traction equipment and Siemens Bros* 
was perhaps the strongest potential competitor in England* They 
were building the electrical equipment for the Waterloo and Oity 
railway at the time*

2* J.D. Scott* OP*oit» FP ?0 - !•
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share In B.T*H, , a factory was built at Rugby during 1900 and 1901 and manuf
1 

taring began in March 1902. All tho important staff of the new factor/
2 

can* from General Electric1 s own organisation*

Weatinghouse bad also had a saloa company in Britain for Boms 

time* In 1897 wi important contract was obtained for three 1500 Kt

two phase alternators for the Willesden central station* When electric 

traction began to develop in Britain, George Westinghouse became depressed

with the aiae of the potential market* He particularly noticed the
5

density of traffic on British railways. In the summer of 1399 he bought

land at Trafford Park, Manchester and founded the British We&tinghouse 

Electric and Manufacturing Co* Until manufacturing began at the end of 

1902, Westinghouse plant which was installed in this country in considerable

quantities was built at Pittsburg. The key posts in tho new works were
6 

filled by Americans. Americans were also placed in less important posts
«

and Weatin&house even brought eighteen f oromen f ron Pittaburg* He also 

enlisted a nunibcr of Englishmen, mainly from technical institutions and
• «

sent them to Pittaburg for two years training, preparatory to their 

occupying the loaaer posts at Manchester. Later they would fill the

1* B«T»H» jRcminiaconcos, P 12*

2* They were the Managing Director, The Managing Engineer, the Traction 
Engineer, The Works ^knagcr, tho Assistant Works Manager, the Manager 
of the Rugby Lamp Dorics and the General Commercial Manager* 
(B«T-H. Pcrnlaiflcgncos P 1?)
^•M|hMMM^0MMiBMMMMMMMM*MV<l^'VVBMMMHkMAMHHI"H »

The first English Westinghouse Company waa fo.mdod in 1839f no doubt 
in connection with the supply of generating plant to the Sardinia Street 
Station of the Metropolitan Sleotrio Supply Co*

Chapter J. P 101.

5* J. Dummola? 3B99 « 1%9> Privately published Manchester 1949* P 2*

PP



important posts when tho Anwrlcaia went hoa»*

General Electric and VTaatin^houae on?? tho jroapocta of noit raartotft 

in Britain but they waro also driven to look for n<*M outlets by the deep 

Amor icon reoosaian of tho middle nineties. In th* United States the 

demand for electrical machinery increased rtvpidly during the eighties with 

the succor of electric lighting* Tha auooea* of the osorAy electric trews 

in tho lute eighties increased demand etill further. Then in 1092 * 3 the

booa broko arid tho» subsequent recession v/aa lon£ arid eovero* Hot until
1 

did ilx> oalos of Genovai ^loctric ovoru^o tho^o of 2S33. In the

it is almost certain tl^txt thare was 0:10003 capacity until

lata liinetica* Tho ffbatin^cuse position wrx.?, doubtless similar,

ctioii did not develop e& qtdokly in Suropa a& in the U«S» end 

it was natural that Central Kloctric, caning tha rcry strong ThaDSoo-Ooustoa tnd 1

patents should «ook to opon ux> th^ European 6lact;*io trootioa 

They did tiiia in Gcnsany cli^tly earlier th&n in England*

/ la 1397 £ic*£, ^orr am Co* bought a factory in Preston to 

electric tnaa boc&oa« In 1899 - 1?00 thow works were

considerably extended 2*0 tiiat tiw flna oould nanufactura electric traotioa
2 

notor equip^snts aisd power aiatloa pltu'it. Although ncnn^-ao^nt and finance

w« o Xiriti3h» tho tachnlcal director u- 0 6n /norlcxa.S.H. Short. The 

oleotricol iu&chinory worki* yore planned in consultation with Rhort, using

2« The tra-rcnr works aero begun r.s tho Electric H&iltfoy and 
Cnrriat>c -/or^a, cr.d later baca.ie tho United ^lectrio Car Co* 
electrical machinery worka «oro re^istcrod in 1693 as the 
Electric i^iTacUirin£, Co. 9 but wore c^orbod by Dick. Kerr in 1903.

*

3. over ...
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1
American machines tools and the iaachinory wia to bo built under his patents*

Although thoao three firms wero attracted by thg traction plant 

aarketf they were all producers of all electrical machinery. They were 

ready and able to build polyphase cquipnnnt, large generators, and factory 

notoro aa Hell aa smaller Jyn&aoa transforuiers converters etc* Dut there
*

were also more specialist entrants* IV/o firms entered because of the 

possibilities of bigger generators - Verranti and Parsons* Strictly 

speaking neither was a new entrant for Perranti had bean making eleotrioal 

machinery since 1862 and Parsons from 1889 (1884 when a partner with 

Clarke Chapaan), but in tho boom period 1896 * 1903 they bath became new 

large producers* There was considerable similarity between thorn, they 

were both founded and controlled by great inventors, business men were

important in neither* She major difference is that Perranti failed while
/

Parsons succeeded*

|* Born 1858, Columbus, Ohio* Educated Ohio State University* In 1878 
he beca&o Assistant Professor of Physics at Denver University* lie 
worked on railway motors and in 1835 resigned his Professorship to 
concentrate on electric railway work* In 1039 he moved to Cleveland» 
Ohio and fonucd the Short Electric RaiLvay Co* (Brush was a large 
shareholder) to laanui'ucture railway machinery. In 1893 he became 
connected with tho Walker Uanufftcturinp, Co* of Cleveland* The 
Walker Co. entered electric traction and was so ouccesaful that it 
was bought up in 1853 by financial interests controlling the 
Y.'ootin^houoe Co. In 1093 Short caino to England to complete the 
Arrangements with Dick, Kerr. He intended to return soon to the 
U.S. but didd in 1<K>2 of appendicitis* (l3»K» Vol. 51 ? 747 31 October 1902}

1* S*U. Saul. Tha to3rican Impact on British Iriauatnr 189 5* 
Buainesa History Vol. 3 ? 33-
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Ferranti was the one English electrical manufacturer who 

built dynamos for direct coupling to slow spcod engines in the middle 

nineties* After he left Dopford Ferranti concentrated on building slow 

speed alternators* Ho got several contracts including a 1000 Of alternator 

for the London Electric Supply Corporation in B93 and two 1500 KST
»

alternators in 1895 • In 1395 he decided to be^in the manufacture of steam

, and thus produce the whole generating set* Thus ha bought a >
1 

larger works at Hollinwood, in 1896* This was a good time to begin

the manufacture of large steam alternators* The market for electrical 

plant was expanding rapidly, and one would have expected the future of 

large slow spued generators to be good* But the firm did not succeed* 

In 1903 it went into the hands of the Receiver and the manufacture of
»

i • .

steam dynamos ceased.
••"'ft. /

The principal reasons for this failure seem to be in the 

personality of Ferranti hioself * There is no doubt that he was an

' engineer of genius; there is equally no doubt that he did not have much
2 

conuveroial sense. As early as 183 3 > Ince, his financial backer, had

expressed unease at Ferranti1 s habit of endlessly improving machines whilt 

making thenu He complained that there was a growing number in a semi* 

completed state while very few had been finished* At Hollinewood 

the situation was similar* Engines were produced incorporating first 

rate engineering design, and each with its own innovation* But, delivery
!

1* Between Manchester and Oldham* 

2* And also his father-in-law*

3* Letter from Ince to Ferranti* 13 April 1883* Ferranti files*
Hollimood,
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was nearly always very late. Penalties for late delivery were usually 

heavy. F* Bailey tells of matiy examples of late delivery and the 

Consequent financial losses.

"(At Banksido) he accepted an order for two steam alternators 
of 35-0 & <r each, and once more Improved on everyt iin£ he had done before, 
but, unfortunately there v/ns en alarming delay in delivery. The first 
engine, promised for the end of 1W6 was not at work until 1898 • ••• 
The second machine was finished in 1899 •••• These engines were full 
of novel and ingenious improvements; ••»**• At Paialey delivery was 
two years late under a penalty of £5 per day • »... At Worcester «*.» 
the delay was three years before a satisfactory test could be mode.

Also it is very surprising that £ err ant i so ems not to have 

concerned himself with polyphase a.c« All hia alternators were single phase* 

By tho late nineties it must have been clear.; that large polyphase alternators
» *

had additional advantages, and one of Ferranti's missions since 188? had 

been to persuade supply authorities of the advantage of large scale 

generating plant. In mitigation, however, one oust remember that the 

average supply undertaking was not interested in polyphase a»o. and the 

American engineers engaged in designing traction seen to have preferred 

well tried American machinery.

Parsons by contrast was very successful* tty 1904* as Table 80 

shows, 22/d of tho generators installed in British Central Stations were 

built by that firm* This was a peak) later, other turbine manufacturers 

roduood tho Parsons share* English central stations wore alow to adopt

!• Pcrranti v/ua able to escape this penalty in the end* 

2* P. Itelloy. ^. __
*• 1^30* Atiiiivei-aav lukrooo o the iilocirioal Power ̂

l^onchoatcr 1931* Privately printed aa a booklet by 
yerranti Ltd. HcllinHrood.
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the turbine, but thlo waa partly bacauso the devolopamt of tha turbine 

waa alow* Tha inaater turbine patent *u* taken out in MO!* when Parana 

was a junlxtf partner with Clarke. Chap&n and Co* In 1009 he

qmaraUed with Clarke, Chqgoan and left theo to found a firm of hi*
. * waa 

own* But in doing ao he lost hia patonto, azv^obligod to tzy and

build atoeok turfcinos yuica did not inf rin#* hi* own patent** Deapit*

the uae of an inferior laethod of deai^a he achieved j-pod results and

euccoodcd in patting txirbo-oitcinatora installed in oeveral central
4 

stations* In 189^ he purchaoed hia patents f rota Clarice, Chapcan but

by the end of 1892 bad already decided to develop the ateaa tuxfein* for 

ahip propulsion. Tills diverted hia prime interest from land turbine* 

until the end of the oe&tuzy. Parsons oroa alao ahort of cwnqy. Finance 

waa provided privately^ mch of it, it cccaa fro^ hia eldeat brother* 

Kot until 191} did hid fixm beooae even a private
9

Paraoua oado only turbo eleotrio generating machinery*
o 

Another entrant with a limited range of electrical machinery «oa G»S«C*

Originally a f iim of electrical apparatus wholo&alero, it bogoa to mak«
7

aoall electrioal ep:.^ratua in 1809* Thon ̂  139? U. iiirat nsaliaed thai

the polyphase o»o* motor waa an iaiportont developoent and ito uao aight
8

lead to extensive factox^ electrification. Time he bought a lioenoe •
1. Chapter 3» PP 105 - ?•

2* B* Appleyard. Chnrloa Por^ona , TO B6 • 7*

Proa 1039 to 1G% ho built turtinee in vhich the ateaat flowed radially 
rather tiian asiolly*

IUH* Parsons, .oit H? 173 "

The finn aloo m&de condonoora* :.ra*ina turbinea were node at the
Parsons ::^rino Turbine v/on:o at ftailoeni*
The General Electric Coap&P?« Rofcri-cd to as G.E.C. to
froo the AaorioenJlen^^^ s
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1
to iu&nufrcLiiro induction cot ox u. Xii tho cii:xwr of 1900 with the donnnd

for heavy plant ranch in e^ce a of tre cuj-'ply G«£«C. decided to oonfttniot 

a corku for buUGi% electrical aachinory at Y.itton, Binning*** Thle 

wad for lor^o plant, chiefly fccaoiratura, and largo ootore, whore tho 

firm c-A\lu also take odvAnte^o of ita poly^iaac knowledge. % 1503 

tho foctoi7 *&& at work* In tho earliest day* vcxy largo ^enoratore w«rt 

not oado*

Cl>o ait^o of tti« u.^,'/in- in dexanft l^^C - 1900 also attracted
i
new f irua .viio iiati no pcu*ticoior odvaiita^* end who %wrn not onxioua to 

exploit on/ x^rticuiar sc^jpant cC the machinery ai&rkot* In 1399 the 

film o* 2>« Bcuoo Peebles, having vei^ recently started the

of fflotoi^ and &<awckiQW9 had 6a ouch work on hand that It decided to

areot a large x^ew works at 2&ir£urgfc* In the aaoa year the Lancashire
/

%necx» nod Llotor Coupony Uiilt a works noxt to Woaiin^hoo^e at Irafford 

Park. At the time the i^ritidh Slectrio ?ranaforw>r Co* started, 

concentrating ui the o&nufactura of static tranufor^ors*

Tiie hone manufacturers of the middle nlnotitti expanded little 

in the "boc-o. 1'bay wore illiquid, they had been through a lean time of 

ri#in& output and foiling priced, tbej had eoen the o^tisnistio oxpectationt 

of We ond 2DS3 - 90 fade rapidly* Control had paooed into the hand* of
•

oexu On top of this the fiize of tho rise in doaand for eleotrioal

7, Born 1863. He was educated at tho Commercial Industrial Schools and 
the Polytechnikum of Munich. 1882 joined K.P.S. /

8* Chapter 6.

indtction aotor ia tto engineering term for a polypbaae a»o« Mtor
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Table 70.

The mExpan3 fon of 1896 ,_~ 19%«.

British Westinghouse 
(to July 19%)

(to

Dick, Kerr & Elect* 
Rly & Carriage Co* . 
(to June

Siemens Bros* Dynamo Works 
(to Dec*

Brush
(June 1896 - Deo. 1903)

Bruce, Peebles & Co. 
(to Deo* 1903)

Cromptbn 
(March 19%) 

/
E*C*C* 
(June 1596 * Hay 19%)

Parker
(to April 19%)

G.B*C. (Witton) 
(to Dec* 1906)

British Electric 
Transformer *^ 
(to Dec. 19%)5

Increase in 
fixed assets 
after 
depreciation

2,008,321

427,635

710,050

276.767

202,975

93.695

55*819

35,928

25.801

214.913

19,313

Increase in 
stocks A 
work in 
progress 

£

191,880

121.839

145,813

56,494

86.357

-6,335

23,856

58.352

21,141

Increase ia
financial
assets.

157.8U
1

2 2
266,233 714,451

278,479

108,592

29.512

40,811

-8.645

83*55*

18,294

1, Lending from the parent firm has been deducted in the accounts. 
likely to have been £100 - 200,000* Alao the parent lent hwily 
customers through Traction and Power Securities Ltd* ,

2* U'oufc in progress is included under "debtors".

3» Includes goodwill*
4. As Siemens & G.E.C. were involved in business othor than the namfacturt 

of elStical machinery f in data is not relevant. 5. Earlier f i*ir*»
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Table 71. 

The Source of Funds 1896 •>

British Westing*
house / 

(to July

Borrowing
on ordinary on Prof* 

shares erence 
shares 

£ £

750,000 2,500,000

on Psben* on Loans 
turoa

Retained profit 
before depre­ 

ciation* 
£

B.T-H.
(to March 19%)

Dick, Kerr & Elect* 
Rly. & Carriage Co* 
(to June 1904)

Brush
(June 1896 » Dec 

1903)
31,OQ9

Crornpton '
(March 1896 - 1904) 159,050

E.C.C.
(June 1896 * !£ay

/ 19*)i
Parker
(to April 1904)

4,200

23*636

616,35) 200,750 -4,968
(•inoe July 1903

200,000 395.690 212,000 513*178 153,565

170,000 200,000 273* 6« N/A

31,009 75*000 43,976, 71*958 ,
(•luce June 1857,

100, OCO -4,606

30,09t 77*870 -95*500

60,680

66,506

20,700 U,596 19,653

The figures in this table arc only very crude* New shares are shown as 
being sold at par, except whore there is evidence to the contrary. But it 
is likoly that they oitcn wore not eold at par* These structures also apply 
to Tablet and it is only possible to collect these figures for some 
companies* Sometimes reconstructions have meant one has to eliminate finaf 
sometimes, as for example with Siemens, the balance sheet infonoatiin 
utterly inadequate* s

Sources Company Balance Sheets*

* 78 and 87.
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1
machinery in the late nineties was quite unexpected. Brush and Siemens

2
were the only ones to expand substantially.

The Brush expansion was chiefly in the traction department, and 

was more in rolling stock than in motor equipment* Capacity was first

extended in March 1898, and further extensions were made to the car shops
3

in 1899* But not until 1900 ?/os a plant laid down for making trucks*

After 1900 Brush often made bodies to be powered by another manufacturer's 

motors. Expansion followed the rise in demand* From the end of 1896

Brush began to work in association with British Electric Traction* This
i
association became progressively closer until by 1906 (or possibly

earlier) B.E*T. controlled the majority of Brush shares* Other Brush 

departments were neglected* They showed no enthusiasm for largo generator 

work or factory electrification*

Siemens like other home firms seems tot to have been anxious • / i
to expand rapidly. But by 1999 Berlin was dissatisfied with the slow 

progress of the London firm* They wanted a largo heavy plant work* in 

England similar to those of Siemens and Halske at Charlottenburg*

Eventually land was purchased at Stafford and a factory built* In 1903
\ 

1* Chapter 1* FP 92 - 3-

2* father & Platt built a new works at this time. Unfortunately we do 
not know how ouch the electrical department expanded.

3* The truck consists of wheels and motors. The very early electric 
trams were built on the horse car principle, motors beinr fitted to a 
body which was built to be pulled. This was not very satisfactory 
and was changed to tho truck principle - bodioo being mounted either 
in two sots of tractor bodies or on a four wheeled truck) the , 
advantage of tho lattor design was that the motors were on integral 
port with tho wheels - the unit thus being stronger and less likely 
to be damaged by running.

4* J.D. Scott. op.cit»_ P 74*
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the dynamo department was moved there from Woolwich.

The failure of four of the five main producers of the early 

and middle nineties to develop the new very large generating plant, meant 

that tney were slowly squeezed out of the central station generator market.

father and Platt shifted quickly to building plant for factory electrification
1 

In 1393 they built their first induction motors, and their deliveries

of central station generators fell off very sharply after 1901. Parker* 

when taken over by Eees Hoturbo in 1906* also gave up central station 

generators* Brush concentrated on traction and never built very large
• ^"s

generating plant* Crcmpton too never built very large plant, but

continued to build central station plant for electricity supply station
2 

in small towns where there was insufficient demand for big plant* The

B.C.C* having installed special plant for large generators in 1899 continued 

to build some. But they were not important in this field nor was it of 

major "importance to E.C.C. aftbr 1900* They do not seem to have made 

generators for steam turbine driven units*

1* 75 years of Electrical Engineering . A brief history of the 
father and Platt Electrical Department.

2* , Crcmpton had a special arrangement with the Electricity Supply Corpor­ 
ation* Lato in 1902 Crompton helped to form the E.S. Corp. It took 
over the Chelmsford station and several provisional orders from 
Crompton* Supply was bq^un in Dalkcith, Dollar, Jedbureh and Melrose 
in 19(4, in Exmouth in 1905, in Dumbarton and Falmouth in 1906, and in 
Totnea in 1911* Crompton was to act as contractors for the Corporation 
at prime cost plus 15/o. In May 1905 this was modified to prime cost 

. plus 10;j. These were all small controJL stations - by December 1906 
the E.S. Corp* had spent only £272,024 on capital account (excluding 
Chelmsford)« Only a small proportion was on electrical equipoent 
(Based on the Minute Book of tho E.S. Corp* Among the Central 
Electricity Generating Board Historical Records at Great Portland Street
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V

The demand for electrical machinery rose very rapidly from 1B96 

to 1903) after 1903 it rose moh more slcwly up to 1910* But as Table 72

shows there was no marked recession in either the value or volume of output*
/ 

But there was a considerable fall both in prices and profit margins f roa

1900 * 01 onwards* There are two reasons, the collapse of the German
*

boom in electrical equipment in 1900, and the fact that by 1903 * Ok there

labl* 72. 

British Production of Electrical Stechinoir 1903 * 191%

Current prices 1907 price*
£000 • £000

1903 ' 3,967 2,387
1904 3,711 2,353

05 3,556 3,026
i 06 3,676 3,818

07 4,541 . 4,515
08 2,972 3,213

09 4,209 3,967
1910 3,487 ( 4,332

11 2,824 6,248

12 3,153 7,265
	8,743

Souzodi Aa Table 69.
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had been so ouch entry into electrical manufacturing that there was 
overcapacity at home*

The traction and central station boom in Germany had begun
1 earlier than in Britain, and finished earlier* In 1901 there was a

sharp recession in the demand for electrical plant, and this led to a 
sharp rise in the propensity to export to Britain. As a result prices 
fell sharply* In the years 1901 * 04 there are many instances of 
German firms tendering particularly low prices. The tenders for the 
L.C.C* tranvray generators in 1901, given in Table 73provide a good 
example* The Continental tenders were particularly low for the three 
phase a«c. generators* Other examples could be given for small and
medium size as well as large contracts*

2/ She slow growth of demand after 1903, made the overcapacity/ i
of 1903 - 4 difficult to digest* Prices continued to fall and profits 
declined to a low level* This overcapacity was largely concentrated in 
three firms, British Westinghouse, Siemens and G*£.C, The first two 
tried hard to achieve full capacity working and were responsible for 
driving down prices* All three made lower profits than other marufacturers*

British Westinghouae's factory was such too big for its needs*
3 Also it had been built in groat haste and was consequently expensive*

The shops were lavishly equipped with expensive American machinery* It
is likely that highly capital intensive methods of production were used,

/ / which were not well adapted for English wage rates* The rate of growth

1* D*H. Robortson. A Study of Industrial Fluctuations London 1915*PP 27*9 
2* See Chapters 3, 4/ 5 and 6,

•

Dummelow, OP»cit,
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\

i Tenders for generators for the LtC.C. tramways 1901*

Average of lowest tenders. 

d»o. plant 3 phase a.o. plant.
•

£ 1 £ 1 
Continental Firms 28,160 42,029

, American Finns 29,763 50,243
4 5

British Finns 29,493 51,493

1*. A.E.G., Schuckerfc, Helios. Lahmeyer and Witting (Germany)
Brcwn«*Bcnreri (Switzerland) International Electrical Engineering (Belgium) 

• > *
2. British Westinghouse, B.T-H* and Bergtheil and toung (Bullock Mfg. Co. )

3. British Westinghouse and

Brush, Crorapton, Dick Kerr, E.C.C. Ferranti, G,B,0. Mather A Platt, 
Parsons, Siemens*

5. /Brush, Dick Kerr, E.C.C. Ferranti G.E.C. Johnson & Phillips,
Parsons, Siemens. . 

MB For the d.o. plant the Brown-Bovcri tender was very high*
If excluded, the Continental average is £26,820.
For the d.c. plant 29 firms sent in 212 tenders.
For the a.o. plant 22 firms sent in 160 tenders. .

Sources E.R. Vol. 49 P 810 15 November 1901.

of demand was substantially over-eotijnated. In December 1905, the oonpany

stated that financial results would get better when the long awaited
1 

traction boom cama. But by then the traction boom was over,

There also seems to have been poor managenant. Labour relations 

were bad tten the work required a high proportion of skilled nan* This

1. Elect. Vol.56 Plfll 22 December 1905.
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1partly because of the rather unthinking use of American practice*
Relatively more priority was given to increasing output than to
financial discipline) "on top of the very heavy initial outlay there' 

2 had been too lavish expenditure in many directions" Orders were late
on oompletion and unprofitable when completed owing to optimistic tendering

By 19Q$ the situation hod become so bad that the top management 
was changed* In November George Westinghouse sent his imnediate assistant,
Newcoob Carlton to Manchester, and he soon became sole managing director*i
Philip A.Lange, manager of all the Anorican Company's works In Eastand Pittsburgh Allegheny, Clevelartd^Newark was sent to assist Carlton by
making a six months review of the situation* But he stayed and in July 
1906 was appointed general manager of the works* Major reforms' followedi

and matters soon began to improve*
Siemens1 difficulties at Stafford steou&d initially from having//

been too slow in extending their heavy plant business. The new works 
were not fully ready until 1904* The Siemens share of the heavy plant 
market had fallen end this was difficult to regain. In 19C4 the
Stafford works were only partly occupied and business was again unsatisfactoryi
1* J. Dummelow, op*cit. PP 27 - 8.For example, The Pittsburg practice of works police patrolling the £• £hcps to see that everyone was hard at work was used* The Americanf oiraun wore hard task masters* Labour was engaged and dischargedindiaorimately, and dismissed slips were constantly expected inpay packets*

2* !'jU)ia.» P 29

- j-bjg«, -P 33 - 5» The accounting system was changed* Separate trading departments wore formed with their own accounts* An attempt was made to improve industrial relations* The design of machinery was changed to allow for the lower coat of labour relative to material in Britain compared with the U.S.
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1
in 190$ • Losses were heavy, and as with T/estinghouse the management

2 
was not beyond reproach. Corl Priedrich Siemens was in charge of the3 ' 
new works at first. When he WAS replaced by Carl Kottgen, the latter

complained of past mismanagement*

These difficulties led to the transfer of the Stafford works
5

from Siemens Bros, to Sieneiis-Schuckertwerke in Germany. In 1906 the

Stafford works were registered as Siemens Bros* Ejynamo Works Ltd, and 

leased to Siemens-Sohucketwerke for ten years* This arrangement did not* 

however stop the losses, for the Stafford works continued to be the least 

profitable of British electrical machinery factories. In the decade

1906 * 16 the accumulated losses shown in the books .vere over £700, 000 J
6 

adding interest on money lent at 5> the figure came to around £1 million.

The Witton works of G.E»C. were not in full working order 

until 1904, and they seem to have been working well under capacity for 

some years} indeed it is unlikely, Judging by turnover and fixed plant 

figures that they were fully occupied until after 1910. This, despite 

the fact toat their early entry into the manufacture of polyphase a«o« 

equipment should have put them in a good position to sell plant for 

factory electrification* Witton lost money. * Most of these losses were

*
1. Report of the Directors for 1904- and 1905.

2. Born 1872. The son of Werner Siemens by his second wife. He had 
worked with Jay Gould in the United States.

3. Soon after 1906

k J.D. Scottf QP.clt. BP 75 - 6. //
5* In 1903 Siemens and Halske and Schuokert and Co. amalgamated their 

heavy engineering departments.

6. J.D. Scott, op.oiti P 87
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due to the carbon works, which wens adjacent to tha on^inaoring «ork»»
V

Caxfcon'works losses averaged £10,OCO p*a* on a turnover of £20, 000 •
\ \

£30,000 p*G« But as Table 74 shows engineering also didi\ 
The other companies did not do ao badly, oo I* khown in Table 74.

Thia was partly because they did not h&vo the apoaial difficulties of 

Wcatingjhouae ond Sieaena* Also the rachincgy market was to SOB* extendt\

segmented* Those fir, & concentrating on traction and industrial

electrification did rather better than those concentrating on central\ 
station work* Tho demanfl for traocarg toopt up reasonably well until

after 190? f oa is shown in Table 75* This partly accounts for the 

profitability of Dick, Korr* x Profits did not fall until the year ending 

Jund 1900; before them they gave a good return on assets* Profits in

oar bodies oooa to have been rather bettor than profita in electrical
1 ,, 

machinery manufacture* Dick, Kerr oeeos to have Increased its share of
v

the declining trozaar market. Druch's gffofits also did not fall until 

after 19#7* although their profitability waa leas than that of 

probably siaply because they wore leaa efficient* Brush1 s voluoo of

output seouia to have been riding up to and including IJCTt when output2 
wan said to be a record for tho f tea. Then 1903 va& reported to be a

3
year of exceptional depression . B»T-H. oimilorly suffered a severe drop in

1* The profits oi* tho car body ouboidiory woro uo good as those of the 
main fim. Tiic oain firrafa results include contrccting v?hich was 
c:T>oidorobly ooro pro*ito.blo tlion manuXooturing* J, <Sb G. ^"hite, the 
oloctrical contractors irade hi^h profits during the years 19P5 • C9« / 
Tiw avoru^o roturn on acGoto woo 14*9^ P«^« (Ottveiglxted average of / 
annual rate Feb. C4 - Fob« 10)

2* Elect. Vol. 61 P353 12 June 1906.

Vol* 63 P199 14 *&y 1909*
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Notes to Table

Statistics are not available for other manufacturers of heavy 
electrical plant* Siemens manufactured* plant and cables. Their 
profits are given under the cable makers. Siemens Brothers Jtynamo 
Works which made heavy machinery for Siemens, from 1903, made profits 
which seem to have been cither zero or negative for 1907 • 1913.

Profits are taken before tho payment of debenture and other 
interest and after depreciation. As interest payments are often not 
shown in the published figures provided by the company estimates have 
ofton had to be made. They can only be based on loand and debentures 
as shown in balance shoots and arc thus crude* The situation is 
particularly bad in the 1690s. For B.T-H. who borrowed heavily from 
General Electric considerable estimating has been necessary.

Depreciation was allowed for in a somewhat irregular way* Often 
it was inadequate and had to be made up in a capital reduction.

Capital figures are those in balance sheets, and as inventories 
were liable to fluctuations they are only a moderate indication of the 
average capital employed throughout the year.

Goodwill and the value of patents have been excluded. Although 
a case can be made out for including them they were often valued at a 
figure which bears no real relation at all to their market value.

For these reasons the percentages are liable to considerable 
inaccuracy, and although given correct to one decimal place, nay easily 
contain errors of 10/i.

Where published information is particularly deficient, tut not 
absent, estimates are given as very approximate (e.g. o 6*})«

Sources Company Balance Sheets, profits and losa accounts and 
Company Reports*
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Xabl075.

of trarxcora by Trmvay

Toer £000 

190k 735
05 577
06 453
07

08

09 366
1910 333

11 329

leer ending December for ccapfiniQfc. Year ending Harch 31at
in the following year for dunixdpalitiea*
The fi#jrea cover 80 - 90/i of t*«ra'ay undertakings*

•

fiouroei Board of Tr&de Hotums.

profita when traction demazid fell* table 76 ohocra hoar traction ordera, 

provioualy at a high level, fell off a^iarply in 1207, while other orders

The demand for plant for factory electrification roae after 1903

whan central station dozaond was declining* Also hoao oanufacturem
/ 

tere alow to turn to t a carkot for factory plant, concentrating on
*

central atation work* Significantly perhaps it was the German

who did. After 153* deoand rose again in Geraay* The
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Table 76.
/

.Buflinoaa occurcsl 190^ - 11.

roar 
to
torch 
1906

7
8

9
1910 

U

equipncmt 

266,853

a&au
25,777 
34,5W>

oquipnnt

37S.HS 
391,011 
506,224

153,533
160,321
125.737
119,132

103,524

635,290

521.025
524,865

Sourodl B«T-B. Historical Statistic**

major firms had ac^lrai^atcd into thro?, big groups, A»2»GU,
cold Felton & GuiHeguad * Labr^yer Werk0f and there ceased to be
portiouleriy loir tendering for British central station contracts* Instead

2 i&anuffioturcrs, particularly A«2»Cr» turnod to industrial work*
.G, had boon solli^ eloctrio po^er trnnfisniaaion plant both d.o. and 

phase G-C* in En^lmd einco tho middle ninetiea» «id the look of interest 
of Bnidiah manuf octurcrs in polyphase a«c. $ave tbeo a good start* In the 
years IJK^. - 10 a ^rcat dool of A.3*G, plant zaict have been sold in this 
country* It waa said that a great deal of the eleotrio plant in the
South Wales ooali'ield woo ourpliod by thesu In Uncashire

3
installations were also cade by A,E,G,

It A.E.G. absorbed the Union Electric Co. (Vereinigt<
Gocollochaft.) ^ 2» E,R> Vol. 62 PP 2/h9 - 50* 14 February 1908.

It. SJL 5fiiil. c«r»-rlt. P
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Profits aeem to have bfl^n rathor higher in factory electrification 
than central atatior *ork» Aa Table 74 shotro S,C.CM oonoentrating on 
the former cade better profits than m»ny f tew* A* Table 69 ahowa output 
was hi£h in 1903 * 9 at a tine when oentral atntion d*r.«id waa lew* The

V
» 

ILancaahire Dynamo and looter Co* which concentrated on standard a«o« and d»o+
isutoro and generators for factory electrification did very wall* No

I accounts were published but in a letter to the Sleotrical Review in
it atated that profits wero £oc4 luid that d^ p,a. had been paid on tho 
ordinioy aharea for the liutt six years.

But there ere also differenced between the profitability of final 
vhich do not o«csa to be accounted for by tht difference* in conditiona in 
diffotxmt fte^poiits of the carket. Aa Table 69aho«a deapita all the 
aorry atoriea of the other electrical oanufooturera Bkltiah Electric 
Tranaf oraor contlnuocl to mnJco hi&h proflta throughout the period. Alao ' 
tho fortunes of i lxs& oould f Iictunt-i sharply. B uoe Peebloa ai 4 Co* is * 
a good «K*nplo of this* The ooiapany w&a registered in 190J» h&Ting been
a private f ira beforehand* Turnover £r«r up to 19C?i the worka aeen toi
have been fu!2y employed end profits were high* Then exoedcive landing 
to cuetcmers led to liquidity aifilailtlfla and the firm had to be 
rooonatnicted* for the next few yoara profit* were very lowt

i Vol. 61, P 168. 2 Auguat 1907.
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The recession in prices from 1901 and the slow growth of demand 
caused difficulties similar in kind, but more acute in degree* to those 
of the early and middle nineties. In January 1905 the Electrical Review
pointed out that in 1904 engineering shops were only partially filled with1 orders at unremunerative prices* Prices had fallen in the last 3 years
to an extent "which would have scarcely been thought possible* n Two
years later the Electrical Review commented that the manufacture of

2 electrical machinery had become diatinotly unprofitable* Prices* it was
said had fallen 30 « 40* in the last 3*4 years* Low prices were the 
trouble.

"There has been a moderate demand for electrical plant for some time past, and the condition 01' many of the principal workshops suggests that they are well off as regards output, but on every hand one hears the lament of low prices .... one has witnessed a rather curious phase in selling which has at some time or other affected nearly every firm* With the prospect* of empty shops many firms have rushed into the market and procured work at any price and after a few repetitions of such actions «... a close student >t of affairs oust have long recognised that, despite the considerable demand for heavy machinery this section of the industry i0 suffering from over production."

Prices continued to fall; in the three years 1905 » 08 they wert said
3 to have fallen another 25>

i

The period of falling profits was a long one, extending from 
1900 to 1910. It began earlier than one might have expected because of 
Continental competition in the years 1900 - 04* It was not a period of 
rapid decline; it was a long slow squeeze* Profits were often below the 
long term rate of interest, but were very rarely negative* In a, way this

1. E.K. Vol. 56 PP 1 - 2. 6 January 19Q5,
2. B.R. Vol. 60 FP 85 - 6". 18 January
3* Grompton Company Reports.



was unfortunate; capacity was not reduced aa It might have boon if profits 

hod fallen further and faster* Only one electrical manufacturer went out 

of business, T. Parker Ltd., which was, significantly one of the smaller

finns* Mechanical engineering firms with email electrical departments
^ 

would be in no mood to abandon them as they were probably not unprofitable

compared with mechanical engineering products, and future prospects 

always seemed promising*

As Table 77 shows financial assets did not rise as they did illj
the 1890s* But increases in the volume of output still put severs

financial strain on fines. This strain is best documented in the case of
1 

Brush* From 1900 onwards the expansion of working capital was financed by

loans* In 1902 there was already an overdraft of £25*000 with Parr's Bank* 

In the same year it had to be increased to £40,000 because of increases in
/

work in progress and the difficulty of collecting money owed to the company* 

Two months later it had to be increased to £50*000. By December 1903 

not only was £55*969 owing to Parra, but there was a new overdraft with 

the London, City and Midland Bank of £j&,9G2* In February X9Qfc, 

Parrs Bank asked for the overdraft with them to be reduced* The 

next attempt at raiding money was in ttarch 19C4 when the Chairaan

(Lord Vaux) arranged a loan, £15,000 at 5/« in his own name on the
<

security of 2,000 British Electric Traction shares held by Brush* finish 

had also been borrowing direct from B*£.T. The difficulty of getting 

enough money to carry out orders when in this situation was strikingly shown 

when Brush was awarded a contract for seven complete electric trains for 

the London Underground in Hay 19Qif. They vere to be delivered between

1* What follows is based on the minutes of the Brush finance Conaittes 
from 1902 to 19C8* Brush Historical Records.
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September 1904 and January 1905 at a total price of £75,674. Brush wrote 

to B.fl.T. with a request to borrow £10,000 for this contract* They 

proposed 4s> Bills] five at £1,500 to mature on 30th September, and 

intervals of one month successively, and one of £2,500 to nature in 

February 1905.

The absolute size of short term indebtedness can be seen from
1 

the position of April 1905* £120,778 was outstanding at the time, while

the total value of stocks and work in progress in June 1905 was £151,511*>
Brush was continually bumping along tho coiling of short term borrowing* 

After 1905 borrowing from B.S.T. and Parrs Bank rose, although other 

short term debts fell* fy July 1906 £75*083 was owing to Parrs and the 

bank wanted it reduced to £50,000 and declined the Brush request for an 

advance of £40,000 on the specific security of the St* Petersburg Trams 

contract* At the sane time B.E.T* wanted the load of £50,000 to be repaid 

in instalments of £5,000 per month. Thus Brush was forced at a bad tine to 

raise £79,765 on debentures, a move accompanied by a reduction in capital*

British Westingfrouse, B.T-H., Siemens Bros. Dynamo Works and 

G.S.C. were fortunate in possessing extra sources of funds* British

Westinghouse wa*» very heavily financed from Pittsburg* At the end of
2 

1906 total expenditure on capital account was £4*79 aillion* The American

*

1. Made ut> aa follows: £
B.E.T* 30,740
Lord Vaux (Chairman) 13*058 
Parrs Bank Loan 26,OCX) 

" n Overdraft 11,742 
Chartered Bank of India _39,238 _

120,778
2, Expenditure on patents, factory, plant, inventories and work in progress, 

net trade lending, shares in other companies and experimental work*
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Table 77* 

The Expansion of Assets 19C4* 10,

British Weatlnj$iouse 
(July 1904 - Dec. 1909)

B.T-H.
(March 1904 - 1910

Dick, Kerr & Elect •
Wy. & Carriage Co* 

(June 190*. - 1910)

Siemens Bros* Dynamd Works 
(Dec 1904 - 1909)

C.B.C. (Witton Works) 
(Dec 1906 -> 1910)

• \ 
Brush . .
(Dec* 1903 * 1909)

Crompton 
(.March 190k -

E.C.C, •?'
(Hay 190V * 1910)

British Electric Transformer 
(Dec. 19C2t * 1909)

Increase in 
fixed assets 
after depree* 

iation
£ 

-8,106

8^,866

-74.847

v

387

-11,365

4,811

1. Work in progress is under "debtors".

Increase in 
stocks and 
work in 
progress 

£
"326,904

-39*645

280,424

2,472

-148,479

-54,155

•4*849

-2*927

Increase in 
financial 

assets*

124*489

31*7C4 -483*558
1

178*598

»71*280

69*026

•37,260

-619

2* Not distinguished from Siemens Bros, in 1904* S.B.D.W. Works "creditors" 
includes very substantial loan from Siemens Schuckert.

3. Heavy plant manufacture was only a part of the aotivltioa of G«£.0«

4* No allowance made for special write off when Brush capital was reduced 
in this period.

Sources Company Balance Sheets.



British Me
house

190^ „
Dec 1909)

(March 1904 *

Dink, Kerr& 
Elect. Rly.
Carriage Co 

(June 19CH. *

Brush
(Dec. 1903 «. 1909)
Crompton
(March 1904, * 1910)

(June

British Eleotrio

« 1909)

Table 78.

shares

83*300

I00f 000

79*765

9,375

5*061

on loans Retained
before

depreciatioi 
£ &

•176*036

-7.060 <00|750 ^

000

(•tet'tn . *'m 31>2«
notes) • •'•

*10f OOO %10t OOO

(

Coopaiy Balance Sheets.
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oompany had provided £3«74 million* It had also lent money to British 

Westingfrouse's customers, principally the Mersey Railway and the Clyde 

Valley Power Co. through Traction and Power Securities Ltd* Then in 1907 

this source of support was suddenly cut off when tho parent company fell 

into the hands of the Receiver as it was unable to meet its short run 

financial obligations in the panic of that year. Short run loons from 

the American Westinghouse company were considerable * amounting to 

£166,374 in July 190?. Thus British Westinghouse was forced to go to the 

British capital market) at a time when the company's fortunes had been 

vezy low for several years. However .4245,000 was raised dn 6$ prior lien 

debentures.

It is not known how roach General Electric provided to establish
0

B.$*H.*a Rugby factory* But short term lending was considerable* By 

March 1905, £674f3l9 had been borrowed from, General Electric and although 

the subsequent fall in business enabled this to be reduced to £174*098 by March 

1910 it began to rise from then onwards as business expended.

Falling profitability end general financial stringency were 

associated as In the nineties with a slow rate of technical progress.

The new firms and ner productc of the years 3J397 " 1904 seemed to have brought
1 

British electrical machinery manufacture up to dato again, but there was

soon evidence of lagging behind Germany and the United States. The gap
*

never became as large us it had in the nineties, although this was partly 

at least bccew *e of tho different possibilities of technical progress. In

the nineties there were important new things to be developed! traction.
. / )

1. S.2. Saul, op.cit*
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polyphase a.c., much bigger generators with different types of prime mover. 

Afte/* 1900 - 03 all these things had been introaucedl and possible changes 

were all in the nature of a stream of email improvements.

Unfortunately the evidence is inadequate to attempt any precise 

measure of the length of the technical lag. It does however seem to have

varied with different products, and was perhaps longest in big generating
1 

plant. Por example K. Baumann told the ^anchcater section of the I*E.E.

in January 1912 .hat "the increase in the output (size) of turbo alternators
2 

has been more rapid in the U.S. and on the Continent than in this country. 19

The nunicipalities also seem to have felt that British juade central station 

plant was somewhat inferior. Defenders of the unprofitable performances 

of the electrical manufacturers state that this was rare prejudice but

there is considerable evidence to show that municipalities preferred
/

English plant, and only bought German plant because it promised lower 

operating costs or was cheaper. And on the whole it was not cheaper* 

English buyers preferred English cables, and there are many cases where 

they bought English cables at prices above thoae of Canaan cables* Why 

should they behave differently over electrical machinery? Left wing
«

nunicipalities had a reason additional to patriotism and easy access to

makers should the plant not operate well, the desire to raise wages by

stipulating that the contract be carried out at Trade Union rates* Th*

L.C.C. and many of the London Borough did this and such a clause

effectively excluded foreign tenders.

1* British f^tlnghouse's new Chief Mechanical engineeer.

2. B.R. Vol. 70, PP 317 - 21 and 355 *
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Hermann Levy, wilting in 1903 » 9 pointed out the "greater 

reported utility*1 of German, Belgium and U.S. electrical machinery 

over that of English manufacturers - "a fact often neglected

or underestimated by, complaining British producers but well
1 

supported. 11 In this context it is useful to look at the foreign

trade statistics of value per ton of electrical machinery. Technical 

progress reduced the weight of products for a given capacity* The 

following figures of the value per ton of electrical machinery 

exported from end .imported into Britain from* 1904 to 191} suggest that 

Britain was exporting less developed machinery and importing acre highly

English exports English imports from
Germany U.S.JU

190V

05

06

07

08

09

1910

11

12

71

72

70

81

73

77
7V

79
82

13 85

68

73
83
81

82

101

96

122

155

121

70
76

85
86

9V
98

9V

99
103

116

!• Hermann Levyf Monopoly and Competition* London. 19Ht



developed machinery by 1910 * 11 although she had not bven doing so in
•

*

19Qlf - 5* ?"is is consistent with slower technical progress, but this 

evidence is not conclusive* English exports were largely to the Empire, 

where electrical development cane a little later than in England* Thus 

smaller, simpler plant was often more appropriate* It is also possible 

that there were systematic shifts in the type of electrical machinery 

involved*

Despite the aosocation between low profits and slow technical

progress, the possible connections between the two are not clear*
\

Evidence is rather scanty* In some ways the very strong competitive

pressure of the years 1901 • 10 could be expected to be a stimulant **
Successive small, improvements could be introduced into successive 

contracts. Firms competed both by gfcing better guarantees as to 

performance than competitors, and by tendering lower prices* They tried to 

reduce manufacturing costs by cheaper designs of machinery* But matters 

did not seem to work in this way* Perhaps this was partly becuase the

profit squeeze went on for so long that it became enervating or perhapsi •
slow technical progress was connected with the relations between

manufacturers and customer, and with the position of the consulting
1 

engineer*

The situation then was different from that of the nineties in 

that there does not seem to have been as large a rift between engineers and 

business men* Yet there was a growing feeling that there was a gap between

1* M this covers matters rather wider than manufacturing, this issue 
will be postponed to Chapter 11*
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the two which ought to be filled. There was considerable supoort in

electrical engineering circles for the View ttiat what was needed was a
1 

generation of "commercial engineers - or engineer traders" The lack

of enough people who could ccrobine engineering and business was an 

important deficiency in the British economy at the time* However it 

scans to have been most noticed in electrical engineering circles, and

this may indicate that the effects of this deficiency were more marked
2 

in electrical machinery manufacture than in other trades* The Americana

and the Germans were supposed not to suffer from this lack of commercial 

engineers and thus it is interesting to see that British Westiqghouse* 

B.T-H. and Siemens Bros. Itynamo Works wore as unsuccessful as any 

manufacturers* This tends to direct ones attention towards difficulties

like the structure of the market or the slow growth of demand for electrical
>

machinexy in Britain, if one seeks to explain the slow technical progress* *•

It was also argued by many comtemporariea that English firms 

were backward compared with the Germans and Americans, not only in their 

engineering developments, but in their market behaviour* The complainta 

were subsumed under "selling" deficiences* English finns waited for 

orders and did not actively stimulate business* This was aaid to be one 

reason for the olow development of their electric power equipment business* 

This point has been made elsewhere; in essence it is that manufacturing 

firms could increase sales by reducing uncertainty aa to the relative ooat
3

of electric and mechanical power transmission* It waa/argued that this
/

!• Inaugural address of J*M« Railin*, to tho Binningham local section of the 
Z.E.B. JB.R* Vol. 6?, P 810. 18 November 1910.

2. L. Urwick and E.F.L. Brech* The IMdng of Scientific Management 1946 - 
Vol. 2, EP 108 - 130.

3* Chanter 6*



could only be done adequately if good commercial engineers were employed 

to seek orders. This is what the Americans did, this is what A*2*£.
•

did in South Wales.

Ill

Concentration remained high. In 1907 we can look at this 

for the whole electrical machinery group* Gross output figures are 

given for some of the major firms in Table 79. Unfortunately for 

Siemens and Dick, Kerr estimates have had to. be made* Because there 

are no output figures at all to guide ones crude estimating procedure, 

the Dick, Kerr figures are rather speculative* The 190? Census gives 

the output of, electrical machinery plus arc lamps at £4»»5J*1»000« To 

this we must add something for contracting* As most contracting work 

was done by cable makers and firms doing only contracting, I have taken 

a third of the total* Thus total output of machinery firms is assuBe& 

to be *967* If cdl the assumptions made are correct the four major

firms, British Westinghouse, B,T-H» Dick, Xerr and Siemens aooounted for
1 

57$ of total output*

Concentration however varied in different segments of the market* 

The market for central station generators, as can be seen from Table 81 

was rather more concentrated* The market for large central station 

generators, i*e* 1000 KW and auove was even more concentrated* In the 

years 190} - 6 it was largely in the hands of four main producers,

1* N.B. The Dick, Kerr output included tram car bodies*
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Table 79.

Grooa output of electrical oachinoiy of
.. various .fnPCO " I1

B.T.

1900 
01

02

03 8J3
04 1,250

05 1,491
06
07 1,109 
00 1.032
09 937

1910
n i»2sr
1 *> 11 It'4 ^jg *§*OJ

23 1.765

234
D.T-il. Sicsnena Dtck,K«T 1

253 

245

*

801

591
539
483
409
589

•

1,137
itvn

FlttM drew up ti 
arn nit under tl

177

v #0
620
780 :

690
1.235

1,345
1,401

40?
425
440
500
500 
435
400
340
370

510
heir aoccunta at differcnot tli 
M noaroct colondor v«ar.

C.G, (kB«C*

283

191

231

175 38
207

115 104

224 119

177 155
155 92

194 108

240 240

1$1 280

225 

279 

a* All figirea

!• British Keatin£teuae«

Crdors. Snlea (including incandescent lompo which have boon moludefl 
from ordoi«) 19CB, *539,W1| 1909, «35,065i 1911,

1912, XBB8t 96(hi 1913,

Eynaoo, Electrical Installations and Electrical Trade Dopto. at Woolwich 
1900— 02. Cioncns Droo. tyrwio iVorka 1911 - 23* From 190? • 1910 
output Jios boon estimated rrota otooka uoir^ a atocka output ratio of

fiatioaied throu^iiout frooi atocka using a atocka output ratio of 0*45 

For coa.-onto on tho use of atocka output ratloa aee Appendix
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17.9
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M
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2.9
5.2
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2.1
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19.1
40.6 '
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1.4
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1.5
2,1

W
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7.6
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3,2

5.3

6.1

1.8

V
1.8

4.6
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.Fcoptoa F«rr«ti *i* e ^.

13.6 4.8 15.4
5.1 16.0 6.9

10,0 4.2

9.0 19.3 3.1
9.1 14*2 3.6
5.6 23.0 2.3
6,4 U.O 4.6

3.3 15*2 15.4
4.8 7.7 16.9
1*0 1,9 3.6

3.2 1,4 1*3
1,9 2.4 1.2

0.5 1.4
0.7
1.3 5*4
2.6 -

1.3

.—
2.2

1.3

0.4

0.2
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2.3
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14.9

16.2
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2A 3*

2.0 5.
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1.2 1.

4*3 2.'
- 0,8 2*<

8.0 i«:
V

7.9 3*<
14.4 2.7

20.3 2.6 &•£

9.0 10.5 4*S

17.1 16,5 1.6

3.0 4*1 a*?

» * ii-u^i1, Jruc« 
?:-:bl«

8.9

1J5.3

2.0

5*4 2,1

4,6 8.,

4.0 2.3

3*9 1,6
i

3.4 3.8
7.6 9.3 17.8 2,4 $.1
, » >. - • *

20.0 6.7 15-6 1.9

7.4 50.8 3.5 2.1

17.5 18.0 1.7

4.3 3.9 9.6 5.4

4.7 7.6 6.6 4.6

28.2 1.5 1.6 3-1

27.0 5.1 5.1 3.9

15.0 11.9 4.;5 2.7
•
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« ^ya..:ao

c,5
0.4

0.6 1.4

0.4 2.9

1.2 2.2

3.2
4.8

10.9

5.3

- 5-6 2.2

3.8 5.0

5.5

5.8

3.1

3-7

CortlM-tal nrra 
(cs-. ;>r^aa)
£cftuc;:-::it;, A,.%^
fobl^o, • L*h3ey«srf 
tiiaksr, Ralloa,
Slflca9na<* ;:^ls -..-«,
^ittin^ Dr a. 3ram
Bovsri, .crii.':=nt
•.^•sctri^u^ et
i^drsttlir<uaf 
2ntnmati;nai
Slectricai -n^imdr:

2.4

5.2
4,0

8.7
Q.7
7.9
9.2
2.4

6.8

6.7

8.2

43.4

8.2

4.2

22.8

For method of calculation see Appendix P 50?
v" "«•

Source: Electrical Trades Directory.
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Table 81. 

The market for central station ^oneratora

Tear % shares of the market in the handa of the J4 imports
largest x home producers

X • 1 X«2 X«3 XaJt X a
Up to 
1892

1893

4

5
6

7
8
9 •-

/

1900 /.
1
2\ ;•
3
4
5
6

7
8

9
1910

11

12

13

17.9
22.6
40.6

39.6
35.2
26.2
26.3

i

22.1

• , 18.5

f 8<6 "
17.0

34.3
41.6

• 21.2

20.0

50.8

27.1
24.8

12.5
28.2

27.3

17.6

34.0
41.7
61.8
58.9

58.9
49.2

39.6
38.5

35.4
17.0

32.5 .
51*4
63.0
39.0

35.6

58.5

45.1
43.9

20.1

53.0

54.3
32.6

49.4
57.7
71.8

71.4
73.1
59.3
51*4
53.7
43*1
25.0
43.0
67.9
67.3
48.3
46.6

65.9

62.6
58.5

26.7

67.9
70.5

44.5

64.2

71.4
76.0
80.4

82.2

62.2

61.0

53.8

48.5
32.4
52.0 -
71.8

71.1
55.9

v
57.5
71.2

76.4
64.6
32.2

73.7
75.6
51.4

77.8
78.3
79.0
86.6
85.8
67.8
67.4
62.1

53.3'
37.6
59.6
74.9

1 f

74.5
62*0

X66.6
75.7
82.0
70.0
36.9
78.9
80.7
56.0

2.6
2.0

0.6

1.2

5.5
8.8

<.',-, •

12.2

; 23A
21.9

' : --• 1

' - JM>
/-. 1< -y/' 8.7

V •

8.7

7.9
8.2

2.4
6.8

•' 6.7

I "" 8.2

43A
8.2.
4.2

f

22.8

, *

.-i.; * •
/
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British Weatinghouae, B.T-H,, Dick, Kerr and Parsons* Subsequently the 

share of Parsons declined and Siemens joined the other three in the first 

rank of quantitative importance*

The market fin? traction plant WAS much more concentrated.

Five home producers supplied this market and other firms were scarcely
i 

involved at all* They were British Westinghouse, B.T-H,, Diok, Kerr A Co*
2 

Brush and Siemens* At first B.T-H, and British Westinghouae provided

most of the motor equipments, but by 1901 - 04 they were joined by the

other three* Information is available about tenders for tramway motor
3

equipments and in nearly all cases only these five firms tendered*

British Westinghouse, B*T-H, and Dick, Kerr nearly always tendered* In
j»,

the caao of electric railway motors and equipment, concentration was 

even higher* The London Underground Railways had their motor equipoents 

supplied almost entirely by B*I-H* and British Westinghouse* The only

exceptions were the short Waterloo & City line and the City & South London

4
Railway* Westingfrouse equipped the Horsey Railway* The two pioneer

main line electrification schemes, the North Eastern and the Lancashire 

and Yorkshire were equipped electrically by B.T-H. and Dick, Kerr 

respectively* The only other big scheme completed before 1914 was that 

of the London, Brighton and South Coast Railway* A.E.G. provided

1. Assuming Westinghouoe and B.T-H. imported all their plant from the 
American parents up to and including 1901 and manufactured all their 
plant in England from 1902 orwards.

2. Siemens traction equipment seems to have been made in Germany before thi 
opening of Siemens Bros* fynamo Works traction department at Stafford

in 19*.
3* See Table 62 for nuzfcor of firms tendering* More firms tendered for 

laying the line, cables and overhead wires, but this is a dif rtrant

matter*
Soe T.S. Laacelles. The City arid South London Railway P J4 f or detail*
/** in* makers of electric looomotivoSt



all the motor equipments* The smaller schemes were the Bury-IIoloombe 
Brook line of 1912, extended into the Bury-::anchester lino, the re-equipping 
of the Liverpool Overhead Hallways with more powerful motors, and the 
Heysham, Uorecambe and Lancaster line of 190Q* The electrical equipment

*
was provided by Dick, Kerr for the first two, and by Siemens and 
ffeatinghouse for the third*

High tension, heavy power switch-gear was also rather highly 
concentrated* Switchgear developed as a separate branch of electrical

engineering from the oeginning of this century with the advent of large
1 

power circuits at high voltages. In the last few years of the 19th
century two firms were outstanding in developing switohgear, Ferranti and 
B.T-H. ' In 1692). Ferranti first put switches into individual cells* In the 
following year he designed the first oil break switch. B.T-H, laid the
foundations of its switch gear engineering when carrying out the Central

2 
London Railway contract* In 1903 - 4 B,3VH, and Ferranti were the two
major high tension switohgear manufacturers* It was also at this time

Jthat the firm of A. Reyrolle & Co* began to become important* Reyrolle. 
a Frenchman who had set up a workshop in London in 2386, did a lot of 
swltchgear work for B*T-H« in the late nineties* In 1901 he expended bit 
business into a private company and bought a works at Hebburn, Hear 
Newcastle* In 19Q5 he was joined by H.W. Clothier who had been with

1* Richer voltages increased the chances of arcing. Higher power (K.V.A*) on circuits meant that any faults which would cause circuit breaker* to intercept the current could lead tl mechanical strains of explosive 
force within the circuit breaker itsolf* For the development of 
cwitchgear see H.W, Clothier. £p*oitt

B* T-H. Reminiscences * P 12. »

Coma to England 1833 and worked for 3 years with a firm of aoientifio instrument makers.
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Ferranti* He very quickly developed the now famous Reyrolle metal clad 

Bwitchgear. The first installation was made by Royrolle in 1906. Low 

tension switchgear was made by a large number of firms.

On the other hand the market for electrical machinery for
•

factory electrification was much less concentrated. A number of 

mechanical engineers and tool makers were drawn into electrical engineering 

in the years 1868 * 91* The beginnings of factory power after 1901 drew 

in many more* The range of uses for electric motors was very wide, from 

steel rolling mills to spindles, and was to some extent segmented, with a 

few firms supplying particular types of motors* This was partly because 

mechanical engineers would concentrate on building motors for their range 

of machine tools* But motors could never be as differentiated as tools, 

and thus the degree of competition between the various segaenta of the
i

market must have been high. Also the electrical manufacturers did not 

specialise in any one part of the motor market* Taking factory 

electrification machinery as a whole, literary evidence suggests that the 

major producers had a fairly large share of the market although below that 

for central station plant, but that there was a long tail of amall producers.

This rather sparse information on the structure of sellers can be 

added to by data derived from published tenders* Most tenders were not 

published but there were still quite a large number which were* They 

indicate the number of firms in each section of the market* But they on]/ 

relate to utilities* The information is given in Table 82. Firms did 

not tender for all contracts* This is noticeable in iotating plant* 

switohgear and transformers, but not in cables and traction equipment*
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Table 82.

Number of finna tendering*
Tear

5
6

7
8

9

1900

1

2

3

4

5
6

7
8

9

1910

11

12

13

Cables 

(1) (2)
7.5 2

6.4 5

.7.0 3

5.5 4
,7*5 2

5.8 4

7.3 7
8.8 4

9.3 4
7.6 5

7.1 U

7.1' 8
'

6.8 12*

6.7 7
8.5 11

6.9 7

9.2 5

10.1 9

Rotating plant

(1) (2) 
6.0 3

5.7 3

Svritchgear 

(1) (2)
t

9 1
6.3 3

5.0 3

8.5 4

7.? 4
.8.0 3

15.0 5

23.0 3

13.5 2

5.2 6

14.5 4

10.0 5

8.3 7

9.0 7
9.0 6 {

6.0 3
6.2 10

6.7 6

5.7 3
. 8.8 5

•7.0, 2

Static Trana- 
formers

(1) (2) 
9.0 1

7.0 1

8.0 1

3.5 2

4*0 1

18.0 3

21.0 1 10.0 1

9.0 2

8.3 4

11.3 3

9.8 4

Traction Equip* 
ments

(1) (2)

,
6.5 2

6.0 1

••/ v

•

6.5 2

7.0 3

5.0 1 5*0 1

| 4.0 2

5.0 1
i

•

4.0 1

7.7 3 6.7 3
6.0 4 8.0 1

9.3 4 5.3 3

4.0 1
*

4.0 1

3.0 1

3*0 2

4*0 I

11.0 2 :

11.0 6 ! 7.2 7 7.8 4 7.0 1

!l) Average number of firms tendering for each contract. 
2) HumberJ of contracts for which such details were published.

Rotating plant is principally generators, rotating converters, large 
motors. Tho figures are of finna who were also manufacturers. It is 
however impossible to guarantee that all agents tendering plant not 
manufactured by themselves are excluded.i

Sourcei Tender details published An the Electrical Review.



4.02.

Sable 83. 

Rotating plant for Central Stations. Firms tendering for and

(1)
Finns tendering for 
rotating plant. 
Average per contract.

(2)
Finns supplying Proportion f tana 
central station tendering for each 
generators. Total p.a. contract.

3 year aovin/y. averaro 1

1692

3

4

5
6

7
• 8

9
1900

•T

11
2

3

4

5
6

1
8

9
1910

U

12

/,'

6.0

5.7
0

6.3

! • _ 5.0

8.5
,

/ 7.8 ,
• / .. ':-•

'/" 8.0
/ ''

: -I* 15.0-i < j :> »-° '•
1••;' •• 13.5

5.2
''•••-•'/• ^

10.0

- 8.3

9.0

9.0
t ,

* 6.0i
6.2

6.7

13

11

13

12

15

13

- • • . 20

24

28I

' 34

29
/

- : • • 33
/••

' 24

24
'25

23

16
17

1?

18

16

U
3 /ear Boring arerag* of

i
1 i

i

A5
1 i

, '. ;,. »43

• ..<.. . »41

', ' "i »*7
.,.-. ... .... ' .34

. ' *. •

• " ••• .- • -.«-, «^- •;'•' ' ••:..- -; ... .

.- „., *50 -
r

.54
' . . ..'.!.

_...-,»• t^S
1 > « 1

..:'• ^l
>• '

, *f

.41

• :, .'' ««, ,. ^ ..«

' x-.. .. . .43

.47
. .4*

../.».
. .36

.49
7.2 IS 

Souroti Tender details for Col. 1 and Electrical Trades Col,
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In the case of rotating plant we can put together, as has been done in Table 83 

the total number of firms supplying plant and the average number tendering 

in any one year* The ratio between tho two is steady in the long run*

In the depressed oligopolistic situation of electrical machinery 

manufacturing one would expect some type of association between firms* 

There were attempts to form some agreements! but until after 1914 they

were almost entirely unsuccessful. Slectrical manufacturers first began
/ 

to consider combination over the harsh conditions of contract imposed on

them by the municipalities* After the experience of the early nineties, 

the principal manufacturers came together in 1895 to try and change the 

usual conditions of contract. In Karen 1896 the Electrical Review

reported that there were rumours that existing manufacturers were
1 

counsel together." The rumours were correct and the substance of the
/

natter is given in a letter from R.E*B. Crompton to J.P* Albright,
2 

dated 24 February 1896* Crompton says

"I am suro you will be glad to hear one tiling, which is that 
after a good deal of trouble we have at last £,ot nearly all the 
principal manufacturers to agree to form an Association to be kept 
as quiet as possible, first for the purpose of agreeing to boycott 
certain clauses in specifications •**. cecond to agres to insist on 
botter terms of payment in municipal contracts (i.e. more rapid payment) 
.... thereby limiting the power of the consulting engineer .... The 
last firm to Join has been Parker. Everyone is in it but Siemens 
and Siemens9 people are quite ready to join but Siemens himself is away 
in the Amazons."

The Association (the Electrical Plant Manufacturers Association) 

entered into negotiations with the IJunicipal Electrical Association to

1* K.R, Vol . 38, PP 291 - 2. 6 March 1896* ' 

2* Crompton Historical Records.



establish standard clauses governing tho relationship of consumers ,

manufacturers and consulting engineers* By i larch 3B98 coranercial
1 

oonditions had been dealt with and it was hoped that more would be

dono by standardising many technical features* Brush, Crompton, the 
E.C.C., Perranti, Fowler and Johnson A Phillips were the manufacturing

•i 
firms involved* Tha Association does not seem to have thought of

price agreements or market sharing.

This document had little effect on practice* Municipalities 
still proposed harsh condition in their specifications and these were 
accepted* Representations were made to the Institution of Electrical 
Engineers and in December 1900 a committee waa formed to prepare a draft 
set of "node! clauses". Representatives were recruited from the 

ttinicipal Electrical Association! the Electrical Plant Manufacturers
Association, the Cable takers Association and the Engineering Employer*

2 Fund* In April 1902 a draft of these clauses was published* Their
i

1* The following model clauses were drawn up:

(a) Kxtra and additional drawings to be paid for.

(b) Variation of works by (consulting or municipal) engineer on the 
spot to cause adjustment 60 the contract price*

(c) Penalties for non completion of works not to exceed 1$ per week 
of contract value*

(d) Rent of & p*a. to be paid if works used before contract completed 
and paid for.

'Payments were to bo made An each month for 75/'2 of the work done in 
the month until the 25/S balances added up to 10;i of the total 
contract. Then 9Q"o of the work done in each month waa to be paid 
for each month*

(f ) Maintenance by contractors, savo for fair wear and tear, to be up
to 12 months onjy. 

(g) Disputes were to be settled by arbitration*
2. E.R* Vol. 50. PP ?C9 - 10. 2 toy 1902.



intention was Ilka the 1593 clauses to rodrous the balance in favour of ' , '
«

tenderers* But this latter document had no wore effect* In May 1900 

the Electrical Review commented that the I.E. ft. model conditions had not

come into general use* Contracts, as one might expect in view of the
• i

depressed state of the industry, were still very hard on contractors,1
particularly with respect to terms of payment, absence of arbitration

clauses and abnormally heavy penalties for late delivery or failure to
1 

&eet ojja&antees*

Other attempts to restrain competition had no better results*

In 1902 the National Slectric Kanufaoturero Association (N*S*K.A.) was
2 

formed* Its members however did not include the biggest manufacturers*
3

British Westinghouse for example did not Join until 1909* Largely

because the largest finas wore outside, it achieved little* In 1909 '
/ 

its past achievements were said to be concerned with "railway ra$ei*

customs classifications, specifications, fire insurance, exhibitions,

Christmas boxes and other trade abuses, the establishment of a
"4 

benevolent fund • •*• The tone of N.£.il.A* f s annual reports confirms this*

It was not intended as a body for restricting competition, but "to represent
5

the views of its members in matters of general interest to the industry*"

Yet it was clearly hoped that something iaight be done about prices under the 

N*K0M.A* umbrella* In some branches of the trade this did happen) by
*

1. L Vol. 62. HP 725 -6* 1 Kay 19C8. *

2. Monopolies and Restrictive Practices Commission* Report on the Supply 
and Exports of iSloctrical and Allied Iviachinery and Plant* 1957* ?

B.R» Vol, &. P 950 11 Juno 1909 

4, g.R. Vol. 6*.. P 950 11 June 1909. 

5» Monopolies Commission, op.cit. P 13*
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190? the conduit makers had "formed an association for the better safe*
1 

guarding Of their particular interests." The Electrical Revieg

commented in 190? that "in some smaller lines the members of certain

trades who happened to be members of the Electrical Manufacturers Association

were reported to be successful in efforts to raise prices when raw
2 

material prices rose. 11

But in generators, motors and other heavy machinery nothing was 

achieved despite a serious attempt; to reach an agreement in 190? • In 

January the Electrical Review said,

f!We are told that attempts are being wade to "bring manufacturers 
together again for the purpose of correcting prices, but while most 
firms have evinced a readiness to participate in ouch an agreement* 
we fear the uovejaent is not likely to succeed because it is 
commonly understood that 2 or 3 firms are strongly opposed to a 
combination* "^

Its prediction was confirmed nine months later by a letter from A»P. Wood,
/

the General Ufanager of the Lancashire Jtynamo and Motor Co* Ho said,

"Some months ago various manufacturers of dynamos and motors made 
a strenuous effort to regulate tho prices of electrical mchinery. 
They got out a complete scheme for the working of this, which met with 
tho unanimous approval of all the laejnbors, yet throe or four of the 
largest finiis in the country definitely refused to come in and tho 
schema had to be abandoned. In view of thia, and also of the fact that 
there are ao many dynamo manufacturers in this country, it seems to 
be practically impossible to get a scheme together for a general 
regulation of prices."^

and annual report of N.E.M.A. Oi vol« 60. PP 601 • 2 12 April 1907*

2* • E.K. Vol. 61. P 432. 13 September 190?. There was an early price 
ring for example in ureters anci wo may suppose it «ms in operation 
1907. Also there were agreements in electric lamps*

3. B.R. Vol. 60. PP 85-6. 3B January 1907* 

4* B.R. Vol. 61. P 2*87. 27 September 1907.



1
A "Manufacturer11 writing in the Electrical Review in 1908 put a similar

viewpoint* Several times in the pact, he argued, manufacturers had tried 

to arrange ratters together with a view to agreeing on conditions of 

contract, and limiting the fierceness of the competition at present 

existing between them, but they were unable to agree among themselves; 

or, having agreed, were unable to abide by their undertakings* Although 

only 10-15 firms were involved, he had no high hopes of future agreement* 

He argued firstly that there were both hoaltty and unhealthy firms and 

that any agreement would handicap the former* Only &f ter some elimination 

of weak firms would combination be possible* Secondly he argued that the
'!

big four had divergent interests* Dick. Kerr hM British management
< t •

and wad financed at home. British ffestinghouse was of American origin,
i 

/

and was still run by Americans, although it hod been financially disinherited

by ita parent* British Thomson-Houston and Siemens were controlled and
/ 

financed by Americans and Germans respectively*

Iri the event there was no elimination of "unhealthy* firms, but 

the improvement in trading conditions in 1911 - 12 did provide much better 

circumstances for price agreements* In 1911 N*E«M.A» was reconstructed as 

the British Electrical rurd Allied Manufacturers Association (B.E»A«M*A*)« 

This tiffla all tho major manufacturers were members, From about 1912 there 

were some price agreements relating to tho turbo generating plant. In 

1913 tho first agreement was signed relating to the prices of small motors 

and generators* In tho same year five transformer manufacturers joined

togother to operate a notification agreement, and three years later began
2

to arrange comaon prices.
!• E*R, Vol. 63, FP 5& - 1. 20 October 1908. The Proved Electrical

Lea/me and criticism from Q ? fanufacturera joint ̂ qf^yiew^ by"Manufacturer*"
2. Monopolies Coimdssion. op*citA EjP 59* 114 and 150. x



408

All this contrasts sharply with tne situation in the cable making 

section of the industry. In 1899 tha Cable Makers9 Association was formed. 

Ostensibly it was to prevent deterioration in quality which firms in the 

industry felt'was taking place owing to competition. Finns joining agreed 

to accept as a minimum the prices then ruling and to compete only in 

quality. The cables of three grades then aost in use were standardised

both as regards weights ai:d resistances of the copper conductors, the
1

thickness of the Electric, and the protecting coverings overall* In 1900
2 

the C.M.A. suggested contract terms for the supply of electric supply main*

These were similar to those suggested by the Electrical Plant Kanufacturem 

Association and Municipal Electrical Association in IB93* But in practice 

the cable makers were able to exercise ouch more influence on 

municipalities than the electrical machinery makers. They struck out 

clauses in specifications which they objected to, and were often awarded 

the contract despite this.

They were successful for two reasons. Firstly the internal 

discipline of the group was touch greater than that of the machinery makers* 

Concentration eeerna to have been higher* The trade in electric light 

and power cables was dominated oy British Insulated Wire and Gallandera, 

although eight or nine firms regularly tendered for contracts* As can to 

seen from Table 84. the product was much more standardised than aost

1. Letter from the C.M.A. to the Electrician* January 1906* 
Quoted in the E.T.D* 1908. I'?~1G9 - il

2* E.R. Vol. 47. FP 486 - ?• 21 September 1900.

In 1902 it took over the Telegraph Ifonufaoturing Co* and became 
British Insulated & Helsby Cables Ltd*



Tender .variances for different product ig-oupa 109k * 1913•
* 

Variojnce Number of contracts.

Rotating plant 16? 110 

Ssritchgoar y& , 64.
/

Static Transformers 193 17

Tramway equipment 90 26

Accumulators 3JJ> 22

Cables 79 87

• The average of the variance of tenders submitted for each contract* 
To allow for differences in the size of contracts, all tender prices 
were expressed as a percentage of the average tender price for a contract* 
The variance of these percent ages was then calculated*

Sources Calculations from tenders published in tho Electrical

machinery and the C.M.A. reduced heterogeneity by introducing

standards* Thus competition other than on price was reduced* Any 

shading of prices was more obvious to the group than would have been the 

case with ft more differentiated product* Individual firms had thus less 

incentive to reduce prices, as such reductions would be obvious and likely
•

to be followed by other fixras.

Secondly English cable makers were not at the saoe cost
+

disadvantage compared with forei#i competitors as electrical machinery 

manufacturers were. Technical pro^reos was ranch slater in cables, and

quality waa primarily improved by careful inanufacturo and the use of
1 

high quality materials. Although English cable makers do not seen to

1, P,V* Hunter and J.T. Haze 11, pp.oit* Chapters 9 and 10*
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Table 85
I

Profits of cable nickers. Annual profits as % of Fired Caoital. 
Invcntorioa, work te-proaraas and sharps in oth*r '

1395 

96

97

98

99

1900

01

02

03

" <*•
<9
06

07
08

09

1910

11

12

13

14

B.Z.W.

•

/

15.7

16.1

8*3

8*9

8.6

8.1

8*3

13*2 /

9*0/ :

12*9

8*3

7*3

9*4

10.5

12.9

Callender Siemens Henley 
13.1

9.4 11.4

16.7

10.9

35.5

12*0

8.0

6.3

6*3

9*1

8*9 , 

6*2

6*3 ,

5*0

5*1

7*2

9*3
8.2.

*

I* British Insulated Wire

' 3.0

10.6

13.2

1.8

2.7

4.1

4.2

5.5 

7.1

8.0

8.1

8.4
/

7*7

6.9

10.5

10.9

32.0

11.1

11.1

13.5

13.6

13.0

8.3

8.4

8.4

9.4 

9.8

9.1

7*6

9.9

10.3

12.2

2
Clover I.E.G.P. Tel. Co 

5.4 4.5

5.5 10.7

6.9

8.5

7*5

6.8

5.2

3.9

4.1

7.1

10.1 

9.1

8.3

6.6

6.8

8.1

11.6

9.8

4.6

6.2

5.7

6.2

.

4*2

4.9

1*8

5.1

i

5.1

4.9

4.9

-2.5

* 4.0

4.2

•0.2

7.7

7.9

7*1

8.2

8.5

6.5

8.1

3.8

5.9

5.6 

6.6

4*8

5*4 '

8.9

5*7

6*8

6.7

*•

. After 19C2, British Insulated and Helsby.

2* India Rubber ond Gutta Pcrcha Co*

3§ Telegraph Construction and Maintenance Co*
Tel, Con* and I.R.G.P. were lar^oly ooncorned with tole(praphio cables*

nntl Profit t&nA LAAA
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have given the same attention to research as did the Genaana, they were not 

left behind in the years 1^C4 - 10 as were munuf actureru of electrical 

machineryt This seems partly to have been because cable design was not 

changing as fast as machinery design at the time, but the effect of the 

price agreement in keeping up profits may have helped by providing 

adequate development resources. Cable makers profits are shown in Table 85
/

Because there vraa no appreciable cap between the quality of 

British and Continental cables British Cable makers were able to exploit 

the preference of municipalities for British plant* There are numerous 

cases* especially in London, where municipalities disregarded foreign cable

tenders although at prices below those of home manufacturers* principally
* ' & 

because no one could be sure that they would comply with ithe fair wags

clause* This gave cable makers a protected market, with an inelastic
/

demand, and they seem to have practised su&a price discrimination, charging 

less to company purchasers where the elasticity of demand for their 

products was higher.

IV

After 1910 the demand for electrical machinery began to expand 

rapidly again* Exports had been rising since 1906 as manufacturers w*r« 

driven to seek overseas markets by the low demand at home* British . 

W^stingfrouss with considerable surplus capacity had turned to exports 

between 1905 and 1907; they were trebled in value in these years* 

Foreign competition at home had declined as prices fall* In the years



1900 - C4 there were 16 agencies oi' large Continental firms in this
1 

country* By 190? only 5 remained*

But it was tho rise in home demand which provided the main force 

behind the upswing* This seems principally to have been a rise in the 

demand for plant for factory electrification* The output of plant for 

this purpose is probably underestimated in l'able£9* This upswing merged 

into a wartime boom, which was the product of further increases of 

demand for plant, primarily for factory electrification, and the interruption 

of imports* Xha profits of moot companies rose* There was in general 

little expansion of capacity , usually firms merely achieved full capacity 

working* The only fira to expand capacity was British Thomson-Houston. 

A new lamp factory was built at Willesden to help the Kugby lamp factory

meet the incroaaod demand for motal filament lamps, and new plant was laid/
' down for heavy equipment manufacturing* An extra l&O* 000 square feet waa

added to the 500, COO square foot of floor space from 1902*
i

Little or note happened in this period* toonomioally it was 

simply a period of recovery from bad conditions* Technically there were
*

no big changes* The only significant technical change was in connection 

with turbines* After the success of the Parsons turbine, other 

manufacturers began to make steam turbines* Parsons built the whole

.13 PorclrtT L ComTXititiQTiJ^gjETTftted? by A*G,M, S»R. Vol. &*• W 1026 • 7* 
Iti June 1909* "••"•when the &oraan sees that there is no reasonable 
profit left ho withdraws from th^ competition! our home firms on the 
othor hand &o on paring prices down until they cannot get enough cut 
of a contract to meet office, etc. expenses* 11 /



Table 86*

British Wostinehouse 
(jfcc. 1909 - 1913)

B.T-H.
(March. 1910 - Dec. 1913)

Dick* Kerr & United
Electric Car. 

(June 1910 - 1913)

Siemens Bros. Dynamo Works 
, 19C9 -

Brush
(Boo. 1909 - 1913)

3Crompton
(March 1910 - 1914)

E.C.C.
(Hay 1910 - 19J4)

Bruco, Peebles 
(fiao. 1909 -

G.K.C. (Witton) 
(torch 1910 *

1910 •»

Incror\so in Increase in
f ixod assets stocks &
cf tor dcproc* work in

iation progress
£ £

British Electric Iranafomer 
(Dec. 19C9 - 13)

336,462

-25,844 . 
(after sales)

27,412

•5,084

45,423

6,736

712

-6,968

14,245

165,976

257,643

77,745

176,087

33,963

-31,603

18,652

23,197

116,952

21,779

Incree.se in 
financial 

assets•

1
•43,042

230,221

2,268

•36,206

•53.209

•40,304

-15,946

16,319

!• To Dec. 1912 for chares in other companies, Deo. 1913 fitftri not 
available before VTtite off. '\

2. Work in progress is under "debtors".
*

3* Reconstructed 1912. Some write off m^r be unallowed for. Increase la 
financial assets excludes changes in shares in other ooopanica where
there is clearly a big write down. • , • .. ,, .

4. 1913 accounts not available. j '
5. Creditors include loans from Siemena-Schuckert*

Sourcet Company Balance Sheets
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* Table 87*

.The Source of Funda 1910 - 191/j.^

Borrowing
on ordinary on praf- on deben- on loans letalned profit shares ercnce tores before depreo* 

shares lation ^
** m & £

British West-
iaghouse . 1,108 (Dec. 19^-1913) r

E.C.C.
(May 1910 - 1914) -60,000

It 1818,731 came from General Electric*

B.T-H. 1 
(Mar* 1910 - Deo *14,485 860,741 128,909 19U)

Dick, Kerr&
Unitod Electric v -70,370 100,000 10,96?Carriage Co*
(June 1910 - 1913)

..*•Brush
(Dec. 1909 -1913) 23,7^2 -1J240 < 3,603
Brace, Peebles ' ;• ,(Deo. 1909 - 192/r) 16,138 -4,802

Source* Company Balance Sheets,
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generating unit from the beginning, but this practice v/as oaly partially

followed in Britain. British westin?jhouse built Parsons type turbo*
I 

alternators and generators; B.T-H. built Ourtis turbo-alternators. But

Siemens and Dick, Kerr at first only built high speed alternators. Parsons 
issued licences in 1903 to three firms to make Parsons type turbines! 

Brush, Willans and Robinson, and Richardscns West garth. Hillans made 
no electrical machinery, Richatrisons Westgarth only a little* Willans 

aade turbines primarily for coupling to Siemens and Dick, Kerr altnrnators*

Parsons eliminated turbine development in Britain; he had
2 

designed reaction turbines , Only B.OVH. made the other type, impulse

turbines. The Parsons reaction turbine was highly effinient but it had
small clearances between the blading and the casing* This often led to

3
difficulties, not it seems with the turbines manufactured by Parsons, but/ «/
with the Parsons type turbines made by Brush and Willans. General 

Electric, A.E.Cr. and Sieanens-Schuckert had made impulse type turbines from 
the beginning. Outside England only Westinghouse and Brown-Boverl pads 

reaction turbines. English manufacturers, except Parsons began to turn 
t& impulse machines around 1910. Westin^house as early as 1903 had

decided to concentrate in future on impulse turbines AS "experience had

*4

1« V/ostinghousa bought the land rights for North America of the Parson* 
turbines in 1895 (H.C. Passer, ojyclU P

2. A reaction turbine dirives its pov/cr fran the expencion of the steam 
as it passes through the blades of the turbine wheels. In an impulse 
turbine the steara ia expanded between the wheels of the turbine. No 
expansion takea placo in the blades of the wheel. After 1914 nearly all turbines were impulse-reaction, with Jjnpilse wheels at tho high 
pressure end and reaction v/heels in tho low presouro end. Parsons 
machines to this day have preserved a very high proportion of reaction 
wheels.

Changes of steam temperatures caused differential expansion and 
could lead to blado stripping.
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shown tho advantages of impulse bladlng in freedom from fine running
1 

clearances and therefore from stripping" . In 1909 K. Baumaim was

appointed chief engineer of the en< ine department to develop impulse

turbines. He was an assistant of Professor Stodola of Zurich, one of the
2 

great euthotities on impulse turbines* In 1912 Baumann was appointed

chief mechanical engineer. Willans and Robinson, after their lack of
r

success with reaction turbines, turned first to drum and disk turbines

and then in 1924 to pure impulse machines. A licence was obtained from
3

Sscher Wyss of Zurich. In 1912 Brush had brought to its notice the

( LJungstrom turbine developed in Sweden. It was able to deal safely with 

rapidly changing steam pressures and temperatures, and it promised to be 

more efficient (thermally) than the Brush-Parsons. But its type of

construction limited its size. Its future lay in isolated rather than
,/.

central station plant. Brush took out a licence and soon switched to

this turbine.

In 1910 Dick, Kerr began to build steam turbines. They were to

be impulse type and Dick, Kerr arranged with tho patent holders, the
4 

Bergaann Company, to make their designs under licence* This move lay

Dick, Kerr also indicates more concentration oU the manufacture of

1. J. Duwaelcw, op.cit. P 36. 

2* J. Duoznelow, pp.oit. P 42.

3. History of Willans and Robinson. The .English Electric Journal. 
July, September and December

4* Bergnann was a German Company, third in importance to A.E.C. 
and Sicmens-Schuckort, with whom it had close financial links* 
The Lahmeycr dynamo works of Felton and Guilleaume-Laymeyer works 
had been taken over by A.E.G.
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turto-goneratora by the oomo firm. Just before tho first world mr
*

Sieoona Bros. £jynnao works also feegpii to lai&e turbinco. In 1536 

Willona who had thus half lost its tare boot cuotocaoro, was absorbed 

Dick, Kam this oovo to\varda moro vertical intonation socoa to have 

token placo for engineering realms* But it had the eooncxaio effect 0!
/

increasing this amount of capital noco^&aiy to begin the production of 
loi^e gonerating plant. Thus the diiitinoUan between central atatioft 

And other generotora widens further*
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Chapter 9*
»

The Public Control of Electricity Supply end Tramraya,

I&ich has already been published on the legislation concerning 

the electrical industry* In many accounts of the development of the 

use of electricity it has played a very important, sometimes central, 

role* It has been blamed for the slow development of electricity!

sometimes it has been pictured as the only villain in the story. There
t

is no doubt that many other factors ployed a more decisive part, yet it 
i

oust be said that legislation was an important matter, and one cannot 

discuss the increasing use of electricity without paying attention to it* 

lather than simply discussing legislation, it is better, however to put
\

it in its proper context - as a major part of an attempt to regulate

natural monopolies in the public interest* 
/ 
Public utility control in its various phases from 1350 * 1950

often did have undesirable effects* This was certainly the case with 

electricity supply and electric tramways* But many of these effects 

arose almost inevitably from tho attempt to devise controls when the 

eoonomio atmosphere wqs to a considerable degree dominated by laiaser»fair« 

views* Control of electrical utilities will be looked at in thia chapter 

from this point of view*

In the first half of the nineteenth century it was thought that 

competition was all that was needed to direct the individuals seeking for 

profits towards desirable social ends, and this doctrine was applied to 

what we would now recognise as natural monopolies* After 1350 this view 

waa to a large extent abandoned, because in water and gas competition

/
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aeened to have been positively disadvantageous as it caused excessive
1 

investment & distribution networks. Thus a new technique was tried.

Natural monopolies were granted franchises which explioitely recognised 

their peculiar economic position but conditions were inserted to limit 

them where attempts to maximise profits might lead to anti-social

behaviour. Early devices wore maximum prices and statutory limits
2

on dividends* It is important to notice that these conditions were1 \
established when the utility was granted its powers* No further 

interference with its workings was thought necessary or desirable* 

The other remedy for the abuses of private monopoly was 

municipal operation* By the time electric lighting became comueroiaHy 

feasible local authorities were in many oases running gas and water 

supplies* This was due to the initiative of the local authorities,

and not to Parliament*
/

The Tramways Act of 1870f introduced into Parliament because 

of the success of the new horse trams, is a landmark of considerable 

importance* Firstly, it introduced a drastically simplified procedure 

for obtaining franchises, and for laying down general conditions to 

prevent abuses of monopoly power* Intending tramway owners were to 

apply for a Provisional Order from the Board of Trade to operate under 

the general conditions of the Act* Hitherto utilities had obtained

1* The reports in 1847 - 8 of the surveying officers appointed by 
H.K. Ccmoissioncrs of Woods and Forests to examine the Gas Bills 
coming before Parliament marks a turning point. See W.A. Robson* 
The Public _ Utility Services. Chapter 14 in H.J* Laski, W.I. Jenningp, 
and W.A.Robson, (eds.) ""JTCentury of Kunicipol Progress •• the laat 
indred years, tondon 1^3* *r 304 - ?•

2, T%^m»m prices became customary in Gas Bills from 1847 onrartft* 
Robson, op.cit. P
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their powers by private act of Parliament, an expensive and rather 
cumbersome procedure, especially as the number of utilities was rapidly 
rising* Secondly, the 1870 Act brought together the two methods of 
control, the insertion of conditions in the franchise and municipal 
operation* A clause provided for the compulsory purchase of a tramway 
by the local authority 21 years after the granting of the provisional 
order* The price was to be the value of the plant, and was to exclude 
goodwill* Goodwill was excluded from the purchase price because in the 
past local authorities had had to pay vastly inflated sums to purchase 
inefficient monopolies* Blackburn "to get these monopolists out of 
the way" had paid £559*000 for a gas works whose structural value was 
£222*000 and issued capital £228,000, and £283*000 for the water work*
which had had £119*000 spent on it and was of "little value11 at the

1 2 time of purchase* Birmingham had a similar experience in
The 1S?0 Act gave the towns powers to own the trams but not

i

to run them* They had to be leased to a company which would operate 
them* , On the other hand they could make by-laws regulating the number 
and frequency of trams, and these would apply even if the trams were 
privately owned* l&anicipal operation was, however, soon to follow* 
In 1682 Huddarofield Corporation could find no one willing to operatet

its policy and permit Corporations to work the system themselves unless
4 

a company made a "reasonable offer". This did not give Corporations
general powers to operate the trams; in 1869 Liverpool Corporation

1* Select Coimdtteo of House of Lords on the Bieotrio Lighting Acts of1036, Q 1723. B.P.P. 1&J6, Vol. 7. 
2. 'ibddv>i. Evidence of the Town Clerk of flirrainflfrsa*

•fl.- Finer, Municipal Trading P 52,
v
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promoted a'Bill for powers to work the trams in case of need, but it was 

rejected by the Lords* But in the early nineties several local

authorities obtained powors to work their trams undor special circumstances
1 

and by 1896 powers were being freely granted to them*

Parliament was quick to investigate the possibility of 

legislative needs following the commercial application of electric 

lighting, appointing a Select Committee as early aa 1879* It did not 

recommend any legislation but the apparently imminent widespread 

application of electric lighting in 2381 and 1882 quickly produced the 

Electric Lighting Act of 1882. It was modelled on the Tramways Act of 

18?0» Prospective undertakers were to apply to the Board of Trade 

for a Provisional Order or a licence* Licences gave rights for seven 

years but were rarely used* Provisional Orders were to run for 21 years* 

after which time the local authority could buy the undertaking at the 

plant value* Initially the Act was designed for close control by 

making Provisional Orders run for seven years only, but this was amended 

to 21 during the passage of the Act. There was no doubt about the rights 

of the municipalities to own and operate electricity supply stations; in 

fact the Board of Trade interpreted the Act as giving them preference 

over a company if both should apply for Provisional Orders at the same 

time. But they were not to block the activities of a company by holding and 

not proceeding with powors. There was also a standard maximum price of 

8d« a unit* The specific power granted under the Act was to open the 

streets to lay cables. An undertaking could supply electricity without
•4-

Parliamentary powers ii' its wires were all overhead. Overhead wires wart 

!• W.A. Hobson, op.cit-. PP 32Q - 2.
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used in a f$w early cases, tut this clearly was only possible for very 

small undertakings. By the middle of the eighties many people felt that 

the Act too much hindered the formation of Electricity Supply Companies 

and the purchase clause was amended to give 42 years operation before 

compulsory purchase was possible.

The 21 years purchase clause of the 1870 Tranwoys Act was

also superseded. In the nineties the government was anxious to rejuvenate
\ 

the agricultural areas* A Committee was set up to inquire into transport

in rural areas and recommended light railways as a remedy. Thus in 1896
V
\

the Light Railways Act was passed. Again authority was given by the
V

granting of a Provisional Order, but the Act was ouch more favourable to 

the operating company than the Tramway Act. Compulsory purchase was not 

at any specified time but by agreement between the local authority and the 

company proposing to operate the line, and it was to be at a price 

determined by arbitration* Tramways could not lay tracks within 9f 6" of 

the kerb if one third of the frontagers objected but light railways had 

only a centre line abd limits of deviation set down* A Light Railway was

assessed for rates at a quarter of the net annual value while Tramways
1 

were assessed at the full annual valuo. This Act was soon used by

companies wishing to build electric tramways, and although initially 

hesitant, the Board of Trade very soon freely granted them the relevant

powers. Between 1896 and 1914 two thirds of the lines built in the
2 

streets and private roads were Light Railways*

1. C. Klapper, The Golden Age of foggByaya. P
2. ; iMd.* P 35.
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poorer companies and tho underground railways were granted powers 

by private Act of Parliament* There wore not enough of them for it to be
9

worth while having tha simpler system of Provisional Orders* Here there 

waa no question of municipal operation* The Power Companies covered a 

large area, while municipal operation was thought of aa being southing 

for a utility entirely ~ or almost entirely - within the boundaries of the 

municipality* Corporations, with one exception, made no attempts to 

combine for electricity supply, and in any case they would not have seen 

the supply of power over a large area as one of their proper spheres of 

activity* They were acting for their ratepayers, to ensure for'them 

reasonably cheap and adequate supply; they wore not general entrepreneurs 

seeking a profitable return. The L.C.C. promoted no Bills to construct 

tube railways, but this was partly becuase the underground Acts were passed 

in the early nineties when the newly formed L.C.C. was only Just beginning 

to find its feet*

In neither of these two cases was compulsory purchase seriously 

, considered. The power schemes covered too wide an area for it to b* 

sensible for the big towns, or in some cases even tho County Councils to 

take over the undertakings* The County Councils, moreover, had no 

tradition of municipal trading* In the case of the Central London Railway, 

the L.C.C* certainly felt that it should have powers of future compulsory

purchase, but the Select Coiunittee on the Bill saw no reason why this
1 

should be so* The only control in these cases was the fixing of amrlaun

1, Joint Select Conzaittee to Consider Eleoirio and Cable Railways in ths 
Metropolis. B.P.P* 1892. Vol. P 12. Q. 252.
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prices for the power companies *\nd tn insistanco that the underground 

railway companies should provide an adequate nuinbcr of cheap and 

convenient trains* Also schemes wore to be carried out in a reasonable 

period of time. There was no unalterable time limit, where there was an 

initial limit, extensions of time were granted * and the best stimuli to 

starting on the scheme wore the expectation of profit and the fear that 

otherwise a similar competing schemo would be authorised* In the case of 

the power companies no two competing schemes were authorised at the same 

time* tfhcre two companies promoted Bills at the same tioe for similar 

areas only one was passed. As in the case of general electricity supply
i

and traoxrays, the basic principle was tho establishment of a foraula whioh

would stop the abuses of monopoly without further interference. f •
The initial conditions under widch a cou$ax\y might operate an 

electrical utility were principally determined by Parliament. But tha 

local authority had some influence over these conditions. In tha case 

of undertakings set up by Private Act they could try and influence tha final 

form of the Act, principally in Consnittoe. In the case of the Power 

Company Acts, all the local authorities seemed to want to do was to gat 

themselves excluded from the area of supply. This was on the general 

gfounda that the power companies, who had no obligation to supply to all

comers, would simply compete for profitable consumers, leaving tha
i

municipal undertaking to founder on the unprofitable ones. Tha result 

would be a rapacious private monopoly. The large municipalities ware 

usually able to got themselves excluded, either in Coraaittee, or ty 

agreement. The latter xooant that the power oooipaqy agreed to esoluda
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rathor than risk losing tho whole Bill because of local authority
* 

opposition* This was a curiously negative form of public utility

control* Its tendency was to ensure profits were not excessive by 

keeping costs up*

In the case of the underground railways, the then newly formed 

L.C.C* wished to influence the original Acts. For example it wished 

to have the trains take the most direct route between stations and not

simply follow the streets. It also wanted bigger tunnels and cheap.
1 

workmen's trains* But although they could object to certain parts of

the arrangements, they had no way of getting any positive suggestions 

adopted* For example, the Baker Street and Waterloo Railway proposed 

to run its tunnels under the streets* Anyone who looks at the street

plan will see that this is awkward and generally undesirable, but the
2 

Railway wanted to avoid paying for waylcaves* The L.C.C* could, and did

say that the layout was foolish, but they were in no position to persuada 

the Committee to make the promoters change the Bill failing tho promotion 

of an L.C.C. Bill* All they could do was to raise some very thin 

objections to the effect that they might, at some unspecified time, want 

to put sewers 60 feet below the streets, although they had no intention of

doing so at the moment*

They were able to block certain proposals in various private tuba 

Bills, usually those which might lead to any private monopoly* This 

meant preventing co-operation, such as the joint ownership of several 

lines, or, to give a smaller instance, the building of a joint interchange

1. Joint Select Coaaittee. B.P.P* ,892. Vol. 12* QQs. JJJ «• J»86. 
Evidence of H*L. Qripps, a^ent to the L.C.C.

2. Sso P 213



station at HAmueramith by thi London United 'Trains and tho District 

Railway. The provontion of this type of co-operation hoirever hindered the 

physical productivity of the transport system* Thus, as in the case of 

the powor companies, the intervention of the local authorities kept profits 

doom by keeping costs up.

In the case of utilities set up by Provisional Order there is 

a sharp contrast between electricity supply end tramrays. In the case of 

the former, the local authority would be granted a Provisional Order in 

preference to a company if both applied at the same time, but it had no 

further influence on the oatter. In the case of the latter it had >4 

considerable power, steraadng fron the local authorityf s position as Road 

Authority* Before a tracway company could operate it had to agree with 

the local authority over its share of the expenses of road repair and 

often on its fares* Xhe local authorities were particularly anxious 

to improve transport for the working classes and usually insisted on 

special workooen's trams at very low fares. There was also bargaining >"• 

over power supply in the cases where the local authoxlty owned the publlo 

supply station. The frequency of service oould be regulated by the 

local authority, although this seems to have been less often done* If 

the tramray was beingpproooted under the Light Railway Act, the company
o

and the local authority hod to negotiate the length of timo which was to
*

elapse before compulsory purchase* All these were devices intended to*
limit any possible exploitation of ths consumer. The Intention was that 

tramway companies should make only normal profits, and if this was not 

achieved by regulating their selling prices, it oould be achieved by getting
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special concessions for workmen, or a general contribution to the rates* 

The advantage of giving these controlling powers to the local 

authorities was that they had excellent local knowledge of the potential 

profitability of the tramways, as much information as the promoters had 

and more than a government body would have had unless it had made detailed 

investigations all ovor the country. But this was more than offset by 

the intense political antagonism which usually existed between local

authority and promoters. The local authorities generally considered that
• 

companies would exploit the public unless severe checks were put on them*

When the companies were optlmistio of future profitability this oould lead
•

to the local authority driving a bargain which in the event reduced profits 

to a subnormal level*

Unfortunately the whole attempt to control public utilities
/ *»« 

simply Vy fixing a variety of initial conditions was to attempt what was

virtually impossible. Initial conditions oould only control profits 

adequately if the latter could be accurately forecaatf but the profit* of 

major innovations arc extremely difficult to predict* The promoters, 

who ougfit for their own benefit to have carefully studied a scheme, were often 

wrong about potential profitability, not only in the early 1880s, but to a 

lesser extent in all subsequent boom periods* E, Garke, the head of
i

British Electric, scornful though he was of legislators, miscalculated 

badly about tramway profits in the years around 1900* His argument that 

the failure to get the expected level of profits was due to the legislation / 

itself is flimsy, and, as he knew what the law was at the time* inadequate* 

Even if each particular case had been very carefully studied before the



» 
doUila of tho concession woro dacidod uv>on, tha charwaa of giving the

nomad prcf ita and no rare aould have bean alinw Applying an 

y period of 21 or 42 years WDJJ loaa likely to auooeed, 

Hut very ouch aaro ioportant waa that thmre waa a very inadequat 

to enauro loar coats. Thia waa particularly unfortunate in the 

cose of electricity supply whore techniques changed rapidly and coata fell 

frith thooo chon^ca* Sheas changoa in coat could have a ouch greater 

effect on prices than any change in profits. The only oontrol aeohoniaa

the Introduction of competition* The early belief that occspetition
1 

wao the oolo nocoa&aiy re^talator hed been loot by 33SOf but competition

was atill allared its u*oa* Tiiua in 1839, in the midst of the great d*o»* 

a.c. contrcvcroy, ilajor Uarindin of the Boord of Tmdo rococsmond^d that

consuiDera ehould be able to choose between these two ayoteoa* Thus for
/ 

each of the central areaa two distributors x*oro nuthoriaedU Similarly

aeveral of the Power Co&poqy Acta contained what oaoe to be known a* the
2 - 

"Kltaon" Clause* Thia provided that power coupruuea could givo a direct

to power uacro within an area aircoty supplied ^y an authoriaed 

distributor without the iattor'o oonoont if the Ibard of Trade thought euoh 

oonoont wao boing with hold "unrc amenably ff * Houghiy apeaking the with* «
V

holding of consent was unrcaoonablo if the tariff offered the particular 

ocnauoor by the Authorised distributor was above the long run coata of the

power coapcny*

If ca-^yone wi^i«od to apply largo coat reducing imovationa be oould 

ap^ly for pcwoi^a to compete with oxioting oocopaniea who hod earlier been
•

granted oonopoly pc^ura* If Varlicuuent thou^it the plane wore likely to

I* V.A. Roboon. <?j%cit, EP 3C6 • 300.
After Sir Jaixo iUtcon who oat as Ciioirj^n of the Soloct Committee of the 

ttich&olt with mory of the Po^or Bills in 1900 and 1901,
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be carritd out, and to reduce coots as claimed, it would be disposed to 

grant the requisite authority* But in one way its hands were tied* It 

had given existing undertakers limited powers under a bargain struck when 

they sought their original franchise* These were already designed to 

prevent exploitation of the public* Parliament was thus loth to remove 

these powers unless those risking their money had received a fair 

remuneration* It was particularly loth to do so when the existing 

suppliers were large and powerful municipalities* Thus to some extent the 

desire to control monopolies simply by initial conditions restricted 

Parliament's future actions*

If the consumer stbod to gain considerably from new suppliers* 

Parliament would authorise them to compete with existing ones* But the
»

gain had to be large* It was not only the greater political power of the 

big launicipalities which enabled them to stay out of the Power Companies* 

areas when smaller municipalities were included against their will* It was 

also their lower costs* in 1900 - 1901 as low as those of the intending 

power companies would have been* Also competition in situations of this 

sort might involve a long and expensive battle* Thus intending competitors 

exploiting new innovations would only compete if their costs were likely to 

be very much lower than those of existing suppliers*

Only substantial coat differences would be able to defeat an 

entrenched opponent* As far as regulation of their activities was 

concerned^ existing suppliers, to pursue a line of thought succinctly 

put by Professor Hicks, could lead a moderately quiet life, but were likely 

to be asoken if they actually went to sleep*



All the arguments used above suggest that in the caan of private
» • , 

electrioal utilities thcro was no good substitute for detailed and continuoui

control by some governmental, or public? bfcdy. This Parliament had no 

desire to sec, and it would have regarded government or public operation 

worse than government or public control.

Municipal traus and electric supply seem to have worked very 

until about 19CO - 05 • At first tho local gov.emaent areas were larger

than tho minimum efficient areaa of supply* Apart from London, where both
1 

local government and electrical utilities were poorly organised, in most

places the local government boundaries did very well although there are
•

cases like Koncheuter and Salford, Liverpool and Bootle where a unified 

utility would have boon better. Electricity supply and tramways were well
•

run by the Corporations* No cost comparison with the Company undertakings
2 

is feasible as the type of area supplied was different* The absolute

costs of the icunicipalities v/cre lower, both their running costs and the 

interest they had to pay on borrowed money. But they had the densely 

populated areas, often had a relatively greater power load, had more 

demand diversity because of greater sir,o and had a bigger tramway load* 

Thus their costs ou^ht to have been lower* There is a substantial 

difference in performance between different Corporations which makes tho

1» W*A. Hobsoiu The Govornmcnt and Ma^ovcrnisont of London • London 1939* 
esp. Part 1 Chapter 24 ana i'arfc 11 Chapter

2, There arc good figures of running coats but good figures of capital
costs, accounting for about £ total costs, are not available or obtainable 
The complications in a coat comparison between companies and ounioipalitie 
are very (preat and the margin of error in the result great* It is 
unlikely that such an operation would produce results worth the great 
labour of carrying it ou£.
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citing of particular cauoa easily mini ending. Manchester Corporation waa 

for exaiuplo^iaore up to dal-e and enterprising than that of Glasgow. The 

population of Glasgow was lercer and it wns renowned as one of the leading 

centres of efficient municipal utility operations. Yet as Table ft ahowa 

Jianoheater was oif tho mark quicker and towards the end of the period had 

exploited the potential power load much more.

/ Tnblt 8fl.

J^AdAJaJ^
IQVh.

Glasgow Manchester.

1896 1.5 2.5

1900 6.8 7.8

1904 1B.2 14.8

1908 34^5 ' , 37*2

1912 54.9 74.5
i

Source 1 Calculations from Gerko'e Manual.

It is easy to find instances of municipal stupidity, but no 

diffioult to find instances of company stupidity* No Corporation waa aa 

enterprising vrell managed and low cost ao K.T3.S. Co., but tlio big onaa were 

in general bettor than the other power companies, and the smaller onea 

usually bettor than the supply ccmpaniea of the smaller towns,
0

After 1903 tho position vras ouch l^ss happy. By then W.B.S, Co* 

had shown that thoro was a potentially largor power load 4nd that the
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elasticity «of demand for electricity for power purposes VI^D high. In that 

year Charles Kerz demonstrated to Parliamentary Confcdttecs of both Houses 

ttiat large scale supply would be much cheaper than supply by the existing 

small scale undertakings* From then until 1914 the success of W.E.S. Co* 

showed that the region was becoming the necessary unit for electricity supply* 

In the case of tramways, the position was somewhat siaiilar. The urban areas 

had electric trams and the noxt stop was to link those town with intemirban 

lines, a step which was within tho bounds of economic feasibility in the

densely populated areas, like South East Lancashire and the Black Country.. i
One would not have expected any movement towards general 

government control under the Unionist gotieniuent of 1396 - 19Q5§ They 

had been quick to investigate the question of large scale generation and 

had appointed the Cross Committee in 1893* But their answer to the problem 

was to pass the Bills sought by the power companies in a modified foxm*
•

They were not against municipal enterprise but Haiovy has suggested that

the reason why they wore quite happy to encourage municipal socialism waft
1 

that they regarded it as a safeguard against nationalisation*

In any case the problem was not preying before 1905* But after 

that it was; from then onwards there can be no real doubt of the

desirability of increasing the size of eleoirical utilities* But the
\ 

government took no initiative at all* The Liberal government was more

strongly in favour of nunicipal operation than its predecessor; for example 

in 1906 Hera's scheme for London's electricity was blocked until tho L.C.O*

5. Haiovy. A History of the Kiv.lish people in the Nineteenth Century' . 
Benn paper back 1961, Vol. 5* P
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should produce a f,ood plan- of its own. But in general it was no good4' 
sjmply blocking Company schemes as the local government unit which was

willing to run schemed had become too small* If big private schemes 

were to be disallowed there were two altor natives. One was to group

together local authorities. As is eu&rooted below they were not likely
1 

to group themselves on their own. The other was for tho government to

devise its own national or regional scheme. It did neither. This seeme 

to have been partly a question of men and priorities. John Burns, the 

President of the Local Government Board from 1906 - 14 was a spent force 

by the time the Liberals came into power* Two of the foremost members 

of the government were at the Board of Trade, Lloyd George fro* 1906 - OS 

and Churchill from 1908 •» 10f but both were more interested in labour 

relations than in industrial organisation* The government was radical
»,

in its desire for social reform but not a supporter of government 

interference with the economy* They would have had to be persuaded of 

the need for the latter, and there was no strong body which could have 

convinced the government of public need* The realisation of the publio 

need came only after the series of committees which sat during the 1924 * 28 

war had revealed the weaknesses, particularly of electricity supply* Tht 

only pressure group was that centering around British Electric Traction* 

But it was principally concerned to argue for less government interference
*

and control rather than nore* It vehemently opposed municipal operation

!• There is only ono caco of co-operation, that of tha
ifyde, Mosaley and Dukjfcif ield Tramways and Electricity Board*
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mid restrictive legislation. What it wanted was bigger and freer privatt 

monopolies* A oaao can bo made out for them in the public interest, but 

there was little chance of persuading the Liberal Government of their 

desirability* Where the government did intervene, as in the case of 

London1* electricity supply in 1906, it intervened to favour the London 

County Council against the vigorous private interests*

The municipalities did not co-operate with each other* The 

reasons are principally political, but not solely so* There were also 

the problems created by different tramway gouges, different frequencies, 

and voltages in electricity supply* Linkage of different networks would 

be expensive* This was particularly the case with tramrays where it
V

would involve relaying a great deal of track, but even in the case of
»_ 

electricity supply where cheaper expedients were possible, linkage still

involved considerable capital expenditure if the economies of joint 

operation wore to be realised* Unfortunately at the time when there were 

beginning to be advantages in such combinations, i*e* from about 1905, 

tho capital market was turning against the local authorities* One must 

not over-estimate the difficulties presented by the different engineering 

characteristics of different towns systems for thera waa a certain amount 

of standardisation* Most tramway gauges wero 4 ft. 8j ins., and 

electricity generating stations could have been linked up to considerable

advantage without great cost* The latter would have reduced future 
•

investment to meet a growing demand as less plant would have been needed 

for any given load. A major obstacle to combination was that the
(

Corporations were primarily concerned with their own citizens* In the
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late 19 tb century thoy had undertaken a Iwrge amount of utility operations,
»

water, gas, sewerage, aa well aa trams and electricity supply* lAinioipftl 

trading had been a powerful movement sweeping away many lai&3e£»falro ideas* 

It had aroused tremendous opposition and defeated it, but much cT its force 

was spent by 1900* To expect them to pursue matters still further, and 

overcome all the obstacles to linking up electricity supply and trajuray* 

throughout a region was perhaps too much* The experience of the 

Electricity Cocmissioners in the twenties is illuminating; they had great 

difficulty in co-ordinating the various suppliers*

To do so would have required joint action with the companies, who 

operated the areas between the big towns* No one could have expected 

the ini&tive for this to have come from the local authorities* For over 

25 years they had regarded companies operating public utilities as 

potential exploiters of the coiusunity. Jfonloipal trading had been strongly 

opposed by the business conaaunity, and this antagonism aa well as hatred of 

monopoly had left its cork on the Corporations. Between 15QJ ac*i 1914
•

these attitudes mellowed, but only slowly. Some Corporations, for example

j Stockton and Tynewouth began to take a bulk supply from

Co. when their own plant became inadequate to meet the demand* The 

Lancashire ttlootrio Power Company found that the initial antagonism of 1905 

was passing away by 1910. In transport however the antagonism had been 

much greater* Parliament had given the local authorities powers to control 

company utilities or to operate their own. The control powers had bean 

nuoh disliked by the new electric tranway companies in the years around

Lincoln Gordon • The Public Corporation in Great Britain. London 1938, 
PP 89 - 99.



1097 - 19031 especially British Elootrio Traction. They felt that the 

local authorities were driving a very hard bargain; and also that they used th 

their powers to operate as a bargaining counter. Take for exaaple the case 

of British Bleotric Traction and the Paisley & Johnstono Trcowraya. The 

former wna to carry out a scheme oi1 single track electric trams along the 

road between Johnstone & Paisley on bohali' of the Paisley Tramps Company* 

At first they were given to understand by Paisley Corporation that 

permission would be granted lor this* Bat Glasgow Corporation opposed the 

scheme, persuaded Paisley to join them and insist on a double line. This 

B.E/A refused to build and as a result Paisley Corporation opposed their 

application for a light railway order. As a result the order was rejected 

although the Chairman of the relevant conadttee was waved to say that "we do

not think that this Electric Traction Company has been dealt with in a fair
1 

and open way in this matter." Such violent antagonism laigM have been
2 

expected when one body vr&s given power to control and to operate*
«

Naturally this antagonist passed even more slowly than in the caae of
»

electricity supply• *f it woa too ouoh to expect the Corporations to 

take the initiative, it was even loss liUely that they would have responded 

to any on the part of the power companies. U'hat was required technically 

was a monopoly over a wide district and this wac what the local authorities 

Host {oared* Concentration on largo generating stations with abundant 

1. B.R, Vol. W *> 807, Vol. 43 PP 1^0 and 49W 1B98. / 

2« C« JQappor, crp»cit> gives other examples.
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water supplies for cooling, eacy coaling facilities end cheap land would in 

many cases involve putting them outside tho boundaries of the large towns* 

Onoe deprived of their generating plant the Municipalities felt they would 

be in a very poor position and would be exploited.

In this situation only the Government could be expected to
/

overcome the difficulties. But it would have meant considerable effort 

on its pert* For it was not a question of gi-anting ne# powers to anyone,
*

but of co-ordinating the operations of existing undertakers* let despite 

the fact that by 1903 it should have been becoming clear that the old 

policy was not working well, and that fthat vraa needed was not compromise 

but co»ordination, Parliament and the Government continued to be passive 

and pcrmiottivo, rather than active «nd organising* This is shown by the

Act of 1909» Uich early legislation hod been directed against the ' 

combination of utilities, as it was feared this might lead to monopoly* 

Parliament does however ceera to have been willing to authorise the 

interconnection of different networks. The ftorth Eastern power companies
*

•

do not seem to have had any difficulty in getting Acts for thi& purpose* 

although considerable municipal opposition could have prevented 

intercom ectiona. The Act of 1909 removed many of the obstacles to 

running joint sy^tcius both for companies and for local authorities* But 

to permit them to combine WQ^ not enough* To achieve any success the 

Government would have had to have taken a much inore active role. No 

conciliations of ony iaiportance resulted except in the North East.

She situation in London in both transport and electricity supply 

Illustrates the difficulties caused by tho government^ attitude* In the
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case of electricity si'rply tV Tfnioni;,t £c>v<3rrancnt fell before Mera's Schema 

passed its third rsaclino The Liberalr, relied on the L.C.C. but the latter 

soon became both unable ani unvd.ll ing to carry out an ovei'all scheme* Alao 

the optimum nrea of supply was larger then the Administrative County of London. 

It would havo needed a government body to impose agreement on tho existing 

local authorities, the UC.C, and the Boroughs, arid on the existing company 

undertakers. A Royal ComrAission WPS appointed to inquire into London's 

Transport but despite tho fact that it reported that "the present 

unsatisfactory conditions are largely due to the fact that thero did not
i

exist in the past any municipal or other authority having jurisdiction over
1 

the whole area and possessed of sufficient power And resources," no further

action was taken* Here again the L.C.C, was unwilling and unable to 

shoulder tho burden of a complete scheme. Combined with this it had an 

exaggerated fear that any private overall scheme would havo all tlio 

dangers of a vast monopoly. This fear had led to its strenuous opposition 

to Here's Bill in 1905, and it also led to opposition to any private 

attempts to link up London* s traffic systems. Thud when the London United 

Trams proposed to build an underground tranwny terminus at Uamraorsinith*
4

with direct contact with the District railway, this was opposed, successfully,
2 

by the L.C.C. on the grounds that it would help to create a monopoly. lei
\

it was lack of such a station at ohephords Bush tkxt caused great traffics 

congestion as passengers changed from the Central London Railway to the 

London United Trams. The Underground Railways Company had wanted to lease

1. Koyal Contnission on London Transport. Ifcv.jort 3.P.P. 1905* Vol» J0t 
P 533

2» 2.C. on London Transport B.P.P. 1906, Vol. 40 Q 1$6W. Evidenoe of 
,H^W. Perks* ""



the Bak*cr St. and Waterloo and the Charing Cross and Knmpstead Lines and 

link them up with a single fare and interchange. But their Bill was 

thrown out on the grounds that it would give too much monopolistic powerf

although both these lines wore controlled by the Underground Company who
t 

held a majority of their shares. In this case the Parliaments utility

policy led to the worst of both worlds* As the Royal Commission commented,

"The L»C*C. had no power to control the construction of (the underground) 
railways, and an attempt to exercise in the interests of the public such 
control as is possible by formal opposition to Private Bills doe.3 not 
satisfactory results, while it adds to the cost of the undertaking, and 
tends to produce a state of antagonism between the Companies and the 

, Council, which is greatly to be regretted and is detrimental to the 
public interest."2

*• ibid.» Q 20202 ff Evidence of Charles T. lerkes. 

2* ibid»,_ Report BJWP. 1?Q5» Vol. JO. P 573



Chapter 10* 

The pricing policies of Electrical Utilities*

This chapter la primarily oonoerned with electricity supply, 

although towards the end there will be some discussion of trains and 

urban and suburban railways.'

It was very soon noticed that in tho production of electricity, 

as opposed to the production of moot commodities, the rate of produotioa 

at any particular time of the day is governed immediately and directly 

by the rate of demand at that time* The storage of electricity* by . 

using batteries, although possible on d.o* circuits, was never attempted 

on a large enough scale to even out the rate of generation* No one was 

able to present a convincing argument to support any economic oase for 

dfting this) and no supply authorities tried to use batteries in this way*

The early lighting loads had a sharp peak in the early evening, 

while for the rest of the day demand was low. This light loading of plant 

most of the time soon worried engineers; they were quick to develop a , 

measure of capital utilisation in the load factor, and to see the effect of 

the load factor on costs. What seems to have directed their attention

to this is not that it was particularly low compared with that of a
t 

great deal of machinery, but that it was noticeably low. In the 1890s

the annual load factor of electricity supply stations was 8 • !$(• If
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normal industrial machinery waa usod continuously on an absolutely steady

load for 9 hours a day in a 2?0 day working year its load factor would
1
be only 20;« But in practice all machinery waa used intermittently and 

with a varying load, and the usual load factor was not more than 15 • 2C$« 

Power stations were necessarily open for 2k hours a day, seven days a week, 

and thus idle machinery was more obvious than in factories, which people 

expected to be closed on Sundays and usually at night*

It was also quickly seen that some form of discriminatory pricing 

could affect the electricity load factor, and thus costs in a way which 

waa impossible in the case of the manufacture of other products* That la 

to say average costs, the cost per unit supplied, could be reduced. It 

was generally assumed, as far as one can see without any serious discussion, 

that this was a desirable objective* This is not so, TThat is desirable 

is to reduce costs for a particular service or commodity and there ia no 

simple reason for supposing that simply evening out the load will do this. 

For example, inducing people to burn lights all day and all night would 

reduce the average cost of electricity, but would not reduce the cost of
i

providing light when it was required. It can be arguod that the beat 

pricing system for electricity supply is a tariff which primarily dis­ 

criminates between units used at different times of the day, where the
*

price ia determined by the long run marginal coat of providing current at
1 

that time* This implied a price at the peak hour sufficient to cover

1« This ia all argued in I.M.D. Little, The Price of Fuel,



capacity costs plue peak hour running costs, end at non peak houra aufficient 

to cover non peak hour running coats. Such price discrimination would 

itprove the load factor but it dooa not follow that any attempt to do the 

latter will produce a "correct" allocation of resources. It might eeera at 

first that a discriminatory pricing system which sought to improve the load 

factor would be one which moved in tho direction of char, ing rates at peak and 

non peak hours which approximated more closely to coats than a uniform tariff » 

as non peak hour subsidisation was not likely. But as will be shown the 

tariffs used did not do thia, and thia was partly because the problem waaam 

first and foremost as one of improving the load, and not of charging

•oonomio coats*

Thia was strongly reinforced by tho way in which tho relation of 

cost and load was looked at, for this affected the type of tariff used. The

classic statement on coats v/as made by John Hopkins&i in a paper to the
1 

Junior Engineering Society in November 1B92. He suggested that ooata oould

be divided into 2 categories, atanding costs, that ia the ooata of being ready 

to supply current, and running costs, the ooat of actually supplying it* 

Standing ooata comprised the bulk of total coots; they were the capital ooata 

of the equipment necessary to meet the maximum load on the supply station, 

the amount of coal which was used in warming up boilers and keeping up ateaa 

in readiness to supply electricity, and the bulk of the wagoa of the men

•Deployed. Having estimated the Relative magnitude of these two types of ooat 

he went on to consider how they should bo divided among consumers. He 

concluded that customers ahould pay for running costs on the basis of the

of unita used, and that atanding costs ahould be divided among ouatomert)

1* g.R. Vol. 31* PP 716 and 748. December 1852



on the basis of the peak load which each demanded* Charging was thus to be 

based on the customers9 load factor and only on the station load factor in 

so far as the peak demands of all customers coincided* They did not* The 

rationale behind this was that the supply undertaking had to be ready to 

give a rate of supply based on the total amounts which each consumer night 

demand* The actual situatidn envisaged v/as that all consumers might switch 

on their lamps in a fog. In London peak loads did coincide with fogs and
•*

this might seem to justify the argument* But what Ropkinson neglected was 

that the probability of the peak load occurring at any one time varied with the 

time of day, there being an extremely hi^h probability that it would occur 

between I*. p*m* and 6 p»a* on a, weekday in the winter months when commercial 

and domestic loads overlapped* ( From this it could be argued that customers 

ought to be charged A rate based on the standing costs multiplied by the

probability of the maximum load occurring at that time of the day?* plus the
/i

Tunning costs* In practice the probability was extremely high that the 

py>y|fmni demand would occur during a period of some 2 or 3 hours* 

Of these two charging systems the one accepted as both 

economically correct, and also equitable by moat engineers, was one based OR 

the consumers' load factor* Compared with a time of day tariff it had 

2 major disadvantages* It could only affect the consumers9 load factor* 

and not the timing of the consumers9 peak* As consumer peaks varied it 

hod much less effect on the load factor than a time of day tariff would 

have done* It failed to encourage off peak users like theatres, and 

perversely discouraged off peak users like churches who happened to use 

their lights for a short period of the week only* Allied to this, it did 

not go as far as * time of day tariff would have done in charging consumers



the cost of the resources which the conaainity devoted to providing them 

with light at particular times of the day. It may have bocn an 

improvement on a flat rate, but a consideration of its application shows 

that it had other disadvantages which led to its being partially abandoned, 

only to be retained in a form which allowed oonalderable misallocation of 

resources.

At first electricity was charged for at a fixed price per KWh. 

There are a few instances in the early eighties of it being sold by 

contract, that is unoetered* the charge being baced on the number of lamps, 

but by the time the boom of 1339 * 91 came raters were virtually universally
0

adopted. Thus in the early nineties ciobt electricity was sold at a flat 

rats in the way in which nearly all other goods and services are sold* 

The first discriminatory tariff antedated Hopklnson9 s paper, 

being introduced by the Liverpool Electric Supply Company in 28831 There 

wore three rates* For any number of &Vh up to a hundred times the 

ynflxtapuft demand of each consumer in K&f, he was charged ls« per Kfth. Thus 

if the maximum load was 5 Kff the first 500 Sfth cost la* per Kffiu Units, 

from one to two hundred times the maximum dooand cost 8d., and all 

subsequent ones 4d* The tariff was thus ideally directed towards the 

consumer's individual loui factor, and not towards the power stations1 

load factor* However, there was no way of oeasuring the consumer9s 

demand and so charging was based on the consumer*s possible 

demand, measured by the number of lights he had installed. Few 

people liked the tariff* It was argued against it that it failed to 

encourage obvious off peak users like churches, workshops and other placet
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which might require light in the daytime* It was also said that the
1

customers had difficulty in understanding the system* These disadvantages

led to the system being abandoned four years later*

HopJdnaon's paper of 1392 aroused great interest and was generally

approved of in principle. Izaoediatoly following it, Arthur fright* the
2 

electrical engineer to Brighton Corporation, wrote to the Electrician

stating that he was engaged in starting such a system* He was to measure the

maximim demand of the consumer by means of a thermal type maximum recordinf
3

ammeter* The Wright demand indicator, as it came to be called, was to

be set every month in the 2 winter quarters. It recorded slowly, taking 

about 10 minutes to reach the correct value* Hence the customer was not 

charged for peaks of very short duration. The mean of the 6 maxima was

taken as tho basis for charging. The consumer waa to pay 7«U per unit for
/ , 

the first hour per day the demand had been used and then 3a^« for all

subsequent units* In other words !&• per BVh was the charge for (Max

average demand in KW x 365/2) KKh. This tariff began in February 1893* 

The price differential was not, V/right told the first convention of tho '
5

i&inicipal Electrical A&aociation, ideal* If charges had been based on 

costs they would have been 8£d for the first hour and then '*d* But the 

Provisional order had fixed a may.1mnm price of ?d* Tha fall of ooata with

1. Of Letters from A.B. Holmes and W.B* Sioling to the Eleotrioal Review* 
E.R. Vol. 31 EP 716 & 748« December 1892*

2. Elect*. Vol. 30 P 221. 23 December 1892.

3* Analagoua to a clinical thermometer*

j^ Elect*, Vol* 31 P W7. 10 February 1893*

5. 2.R* Vol* 38 PP 808 - 12. 19 June 1896*
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technical improvements soon led to a lower "off peak" price while the

standing ohnrge remained at 7d. By 1897 the former was down to ]£&•
2 

and in 3898 fell to Id.

Wright considered that this system had been responsible for the

improvements in the load factor which took place from 1393 onwards.
/

Table 89

• Brighton Load Factor 

Tear Load Factor ft 

1887 14.1 

1838 11.7

1892 11.1

1893 11*4

1894 13*4

1895 13*4

1896 16.0

The load factor is based on the average of the maximum demands of 
the year in question and tho previous year* This makes an 
allowance for ths effect of the rate of growth in the load factorv 
which is not allowed for in the usual method or calculation*

Source! A. TCrigJit. Profitable Extension of Electric Supply Stations. 
Paper to the National Electric Light Association, Niagara Pal 
9 Juno 1897. B-R. Vol. 40 P 857*

1. Elects Vol. 38 P 653. 12 March i

2. B.R.. Yol* 42 P 477. 8 April 1898.



His conclusion was supported* The Metropolitan Company asaerttd 

that their maximum demand type tariff helped to improve the load factor;/

by discouraging the type of wealthy consumer who would connect f ivo to
1

six hundred lamps for ornamental purposes,

Wrigjht preferred a tariff based on the maximum demand of each 

consumer to one based on the station peak load* He told the Municipal 

Electrical Association

"Tliooretically, it might be said that the standing charges ought to 
be divided into amounts proportionate to the maximum demand of each 
custom -r, at the day and at the very time the maximum demand occurred 
on the mains each year* This is obviously impossible to determine 
in practice, and would not be, moreover, necessarily equitable to the 
consumers who might or might not have used their maximum demands at 
the exact moment in question."

He thought his tariff gave *as nearly as possible the fairest division of
1

the standing charges*" ' /
The Hopkinson-tfright tariff spread fairly quickly. Bjy JB97,

29 of the 12J existing supply undertakings had adopted the Wrigfrt system 

with demand indicators* There were also variants on this incorporating 

the same principle* Often, as in the early case of Liverpool, the 

consumer's maximum defend was based on the number of lights installed* 

At Manchester C.H. Wordingjiam who had been one of Hopkinson9 s assistanta 

and who was then in charge of the Manchester Corporation electrical supply 

station used a tariff with a standing charge of £12 p.a* per KtiT of

demand, and then 2d. a unit* The maximum demand was based on tho

number of lights installed* Wordingham would have preferred to use

!• A, Wrieht. The Load of Electricity Supply* Paper to tho first 
Convention of the luwicipal Electrical Association* 
K.R. Vol. 38 *? 808 - 12. 1? June 1892.
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fright's system but the Corporation would not carry the consumer 1 a account
1 

over for as long as a quarter. In 1893 the Metropolitan Electric Supply Co*
2 

was using a reduced charge for all units used above 8 per 35 watt lamp.

These maximum demand systems increased in popularity during the late 

nineties and by 1904, 40;£ cf all undertakings relied entirely on this

fora of tariff, while another 38; o used it in conjunction with some ether
3

system* The remaining 22> were on a uniform flat rate tariff*

Thereafter the maximum demand tariff became the standard tariff 

for wexy big consumers* The Power Companies adopted it as the standard 

system for large consumers and bulk supply* But for smaller consumers

it declined in popularity. From the beginning it had been under firei
because it was said, to be too complicated for the average consumer to 

understand* Also there was a constant stream of complaints froa
t

consumers about it* Not from all consumers, however; the Electrical

Review noted in March 1899 that the opponents were often vocal and—— 4
influential, while supporters generally kept quiet* In soue places,

Glasgow being one of them, the Wrigjvt ayatem was so much disliked by 

consumers that the demand indicators were being taken out by the turn of 

the century. It was the shop keeper in the centre of the town who most 

disliked the system* He tended to use his lighting for only an hour or 

less per day in the winter evenings. Yet as W.A. Charon, Glasgow's

1* C.H. TTordingham's comments on TTrlcht's paper on the Coat of Klectrioity 
Supply. R.R* Vol. 38 EP 808 - 812. Sleet* Vol. 37 » 538 - 43.

2* E.G. de Segando* Tho Cost of private electric li^ht* 
E.R, Vol. 33 PP 513 - 4.

3« R.CJ. Gray. Inaugural Address as President of the Institution of 
Electrical Engineers. 12 November 1903* B±R. Vol. 53 *P 8U • 
and 830 - 3»

4. E.R. Vol. 44 P 442. 17 March 1899*
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electrical engineer, told the l.junicipal Slectrical Association in 1901*

those were the heavily rated and influential consumers, who were $iite abl*
1 

to make their voices felt in the Council Chamber*

This consumer reaction was not all pressure group politics by 

any means. For tho quarterly bill could fluctuate quite widely if there

were variations in the number of lamps left simultaneously taming for
/

any quarter of an hour in the quarter. Thus it did produce considerable 

uncertainly as to the amount of the bill unless consumers were extremely
«

careful to see that no more than a given number of lights were ever left
v on simultaneously* Under the Wright tariff at Brighton any extra 60 watt

(16 candle power) lamp left on for a quarter of an hour in each month 

would increase the quarter* s bill by 2/9d* This would usually be a 

noticeable proportion of the bill. In the nineties the lighting consumer

used about 500 units per year* If 200 units were used in each winter
/ 

quarter, the maximum simultaneous load was ten 16 c.p* lamps, and the

system used with charges at ?&• and Id* tje quarter1 s bill would be 
2 

£2. 4s. In this case each extra li^ht left on would raise th« bill

by 6/i»t although no mors electricity was being used*

Such a tariff is more like a system of fines for exceeding some 

stated amount than a way of charging for the extra costs incurred by the 

eupply authority. If the extra li&hts were not switched on at a period 

of tho station* s peak no extra costs were involved* If on the other hand*

W.A* Chamen, Presidential Address to tho Municipal Electrical
Association. Cogent by Electrical Rovioq^in a leading article*
E.R* Vol. 46 PP 1039 - 90. 28 June 1901.

2. 0.6 KW x 91 days x 1 hour a 54*6 Oh © ?d* » 332d. 
200 * 55 KWh 9 Id. « • 145d.

527d.



it was generally at around a peal: timo that such extra lights were used 

the probability that all considers would do this on the sarue day was very
•

low. Consumer choice is partially eliminated* Instead of being able to
*

decide whether peak hour units were worth their cost^ as the consumer would 

have been able to do under a tins of day tariff, he was sharply penalised 

for exceeding some general limit, often when he would bo unaware that be 

was doing so* Putting the matter rather extravagantly, it was as though 

there were something rather antisocial about switching on a large number 

of lights at any one time, like keeping library books for longer than the 

stipulated time.

Also it was of ton felt that the max5jni.ua demand tariff had only 

a slightly favourable effect on the load factor compared with that which

would exist v/ith flat rate charging* The matter was investigated in
1

1902 by C.A. Baker who collected figures of the load factor of all
i

stations which had no tramway potter load where ouch figures existed* 

Eo concluded that as the average load factor of stations using a flat 

rate was slightly better than that of those using a maximum demand tariff» 

the mftyjmH" demand syatem did not improve tho load factor* ilia analysis 

was crude* The annual load factor as it uses a capital figure relating 

'to December, io influenced by the rate of £rowth» However, plotting the 

load factor against the rate of growth for both types of tariff reveal* that 

allowance for the rate of grozrth would not make any significant difference
•,

B.R. Vol. 50 H? 458 - 9, 53t - 5« 21 & 28 March 1$Q2*



to the result. I have token thcr*forf> those of Baker's figures where 

the rate of growth of demand wss given, and as the f ollor;ir.g table ahows, 

it ia impossible to aay that there is any significant difference between 

the load factora of atfttiona on maxim m demand and flat rate tariffs.

Table 90. 

The effect of pricing on the load factor of a lighting station^

Tariff No. of stations Average load Standard
Factor deviation*

rate #. 11*63 2.96 

Maximum demand 49 11*35 2.28

The analysis ia crude. Pairing stations similar except in respect to
/

tariff might have produced a significant difference between taxiffat But 

it ia very doubtful if onough information exists to do this now. On the 

other hand it may simply be that the load factor the light using consumer 

demanded waa completely inelastic. In that case the use of a maximum 

demand tariff could have no effect on resource allocation or on average 

costs. Thia ia not to argue that it would have no effect where electricity 

waa uaed for power.

Aa a result of the complication and unpopularity of the Wrigfrt 

tariff, electricity supply undertakings began to modify the mnylrnaM demand 

principle. They more and more used the rough and ready way of aaseaaing 

iffflTrjmnm demand by the number of lights fixed. Sometimes the tariff took 

the fora of a rebate depending on the ninaber of units used par lamp 

installed* In some oases it was modified etill further by baaing the
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estimate of consumer1 c moxirtUFi dem*r.d on the rateable value of the house*

This latte- method was pioneered at Norwich and by 1911 there were a number of
1 

other supply undertakings using it* During a discussion at the Institution

of Electrical Bnginftera on a paper on Jfonestic Sleotricity Supply Tariffs 

in 1908f the President remarked thet undertakings were drifting eway from the

demand qystem towards simpler methods of charging such os were in 

for almost every other commodity* The general trend of argument

both in the paper and the discussion was towards a charging system based on
2 

the rateable value of the house or the number of lights connected. Such

tariffs were simpler, consumers paid for x units, x being determined 

roughly *>y the sine of their houses, at a high price, and the rest at a lov

price* If a demand indicator was used a fresh calculation had to be made 
i

to determine x for each quarter's bill* But the former method waa much

less likely to achieve the desired result, which was to encourage consumer*
//

to raise their load factors* It became simply a rather arbitrary way 

of apportioning standing charges, with very little influence on resource

allocation*

When electricity began to be used for traction and power purposes 

another type of tariff designed to improve the power stations 1 load factor 

was introduced* A specially low price was charged in cases where the load 

factor was known to be high, This type of charging had already been used 

in the nineties for street lights, which usually had a better load factor

1* A*H. Seabrook, Residence^ Tariffs, Paper to the I.E.E. 24 December 
F..R* Vol. 70 j H? 129 - 32* 26 January 1912* |

W*R* Cooper, Domestic Electricity Supnly Tariffs. Paper to the 
26 November 1?C3.



than private li^iito. There ware, however, few electric str :et lights*

Then tho eloctric trains uame at lae enu of in- nineties supply undertaking!
vX

wero onxioua to supply the power* for tramways had a 20 •» 25/b load factor* 

At first their aUituda seai* to have been to charge the highest price
/ . 'v

the tracwaya would pay* Tiiere are several possible reasons for this*

One is simply that they ttiougat iho elasticity of demand for tramray power
s

waa lew, another that they thought this! and.that the 4emani for electricityv\ ' ''^^ 

for lighting waa ola^lio* ri!hdy may simply have wanted to subsidise

lighting at tho 0x200*$ of the trams , or most likely of all they simply
M \V i

thought that tho ad^itioti of a high load factor consumer would reduce costs 

and thus limiting paries* could be reduced* There is unfortunately very

little direct evidence on inteu»ion, but the general felling derived from
/

reading inany of the cont&oporaiy arguments is that they simply thought
i 

that a higher load factor would cheapen electricity by reducing costs*
i r

[ Yet the tr&cs*&y& were in f act charged on a flat rate basis

or on a sliding acalo with discounts based simply on the quantity of
1 

electricity bought* ikwevor, it is not likely that thqy would have

thought that tho pat torn o* tr«au.?ay demand could have been altered more than 

a vexy alight &ooun« by thd u&e of a maximum deuiond pricing ctysteou Ihsy 

do not* however* seem to have discussed this*

In pr&ctico the demand for electricity from tranways turned out

to be core elastic U*an supply euvhorities had at first thought, as thei
tramways either threatened to build their own power house to get a cheaper 

supply, or actually did ao» Thus by 1900 the charge thought appropriate

!• There are a few cases of the use of the maximum demand aystea
••&• N.U.S, Co* and the N.£* Railway* '.
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for tracwaya had fallen to about a third of the usual limiting price.

There w^ro two ways in widen tiie couwunity could save resources
*

"by adding traction loads to lighting stations* One was because in some 

cases there were ouonoaaes or scale to exploit, and the other was because

in so far as the peaks or the t.vo loads aid not coincide less plant would b§
1 

necessary than if a separate tracway power house wad built* In practice

the tr&iroay load had morning and evening peaks and the latter overlapped 

with the lighting peak, and soaeiijiiea coincided with it* But in any case 

average cost was a aiidoading calculation to make. If pricing had been 

based on average coats, the tramways would have built their own power

houses and any advantages of combination would have been sacrificed* In
i

eo far as this was done iu the late nineties that is precisely what 

happened*

The throat of trie separate power house led supply stations to 

charge trasaays the average coat of traotion ifiVa for a given tramway load 

factor* This is what they meant by char&iug the oo&t of supply, which was 

what the trauv£tys tried to insist upon* Strictly speaking it was only the 

cost of traction power when the Ira&uay peak deoarid coincided with the 

station peak* Thus competition forced the sa*iiO effect as would have been 

obtained by a straightforward pAyiuimu demand system* Later this was made 

more explicit* In the few year£ before 19i4 when power rates were lower 

than traction rates vho tramways be&an to foel they were being exploited* 

Thus a joint committee of the Municipal Electrical Association and the 

Municipal Traonr/ay Association was appointed to consider the price of energy

lt See Chapter 5 Section. 4*
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for traction* It reported in 1911 t hnt tho choree w.-s to be based on cost* 

It divided cot-ts into standing and running costs, and argwed that tramrsys 

should pa^ a proportion of the standing charges of the power station 

dcteimincd by tho ratio of ths awalnwrn demnd for electricity for traction

to the total maximum demand, plus running costs per unit used* This was
1

thua a version of the maximum demand tariff*

next important form of load was th* power load* Industrial 

consumers often hod quite a Io7 load factor, but taken together it was

wing to diversity, although there is unfortunately little precise
2 

infozraation about the oxtont of this diversity. People turn lights on when

it la d&rk, run trams when poople cease work, but there is no similar reason
*»

wfay all interadiient power users should switch on together* The continuous

power user had a hi^h load factor in any cane* Supply undertakings resolTsd
/,

to eupi>ly at a very low price to po^er conauiwrs, partly because of their 

high load factor ''rind partly because at first it was thought that the demand 

voild bo nearly all at off peak times* Both flat rate, with and without 

quantity discounts, and nnxiroura demand systems were used, the first generally 

for tlie small po.vor user and tho second for tho big ones* The usa of a 

ilat rate with quantity discounts in general led to lower rates for power*

Tor the vciy big us^ra of electricity, apart from the street lights, 
i
where discounts rarely allied, usual ly were the power users* This was not

always LJ ana thus this method of price discrimination was very crude*
/ 

apart fro- this tho costs of electric power compared with steam power

was &uch that electric] ty would have to be sold at Id. a unit before sales 

were large. In 1904 - 6 whsn the important power load was Just beginning

Charr.ca for Electrical Energy supplied for traction purposes from 
Combined Stations - Report of a joint Coimittoe of the Incorporated



this wo a about a quarter of the usual lighting charge of ji*d • iVjsd* and
1 

loss than tho usual traiMay charge of Id • 2d. It camo to be accepted

as the usual power price, although from 1908 - 10 onwards an oven lower power 

price was thought appropriate*

Thcro were suggestions that at a price of Id. or leaa per KWh
/

power waa being supplied below coat* It is unfortunately impossible to 

bring adequate evidence to bear on this. The delivered cost of off peak

units, including distribution coots could not have been more than 0*5d.
i 

per KWhj even in fairly hija cost supply stations, by 19 0£. But power

units were also used at peak huurs, although even at the tin* very little 

seems to have been JoiOtvn about this* In 1909 it was argued by S*A. Russell

that it was no longer econoodc to sell electric por/or at a "by product19
2 

price as it contributed substantially to the load* Ho went on to produce
X

figures which were intended to show that paver was often supplied below oostt

These arc not,' however, convinving beyond reasonable doubt as they were dont/
on the basis of individual consumers' load factors, plus an allowance HOT 

diversity of consumer peaks, and not in relation to the station peak* In 

the GGJDQ year West Ilain Corporation argued before the Local Government Board

5

!• (continued) issued 21st September

2» In Sunderland in 190? the ratio of aggregate individual maxima to the 
station ̂ axUum was 2, 4: 1 J.F.C. -'noil, Papor to the 
9 January 1903* JS>R* Vol* 62, P 355

I ' 
1« N Manchester is fairly typical of a bi& uau::ertakiu£ at the 'time. In th*

year ending March 1905 the average revenue from different classes
of aujjply was;

Private lighting 3.B6d
Public lifting 2.0Cd 
Trams l.Wd 
Motors l.lBd.

P 977
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that if cap3.tal cos La w^ro (Uviflcfl pro-rota amongst lighting and power 

customers power tfouH cost 0.59d per KlTh on the average* 5^ million 

were boin£ aold at an average price of lens than 0*5d at the time. But 

capital costa ou^ht to have bean allocated to hours of peak supply and 

thus again the example is inadequate. There was a general feeling at the 

tifto that pbarcr supply waa boing subsidised, although there was usually no 

very oloar idea of the crucial importance of the time pattern of the power 

load*

?.liera power w*s sold on a maximum demand system, the rates wdre 

often lower than for lighting* on the sarw principle* This was to allow 

for the greater diversity of indiviudal consumer** pcxrer peaks. In this 

c^e and i&hcn pov/or Y7as sold at a flat rate, consumers using both power 

and li^itiii^ had lo have two separate circuits, each with its own meter* 

'£he differences between limiting and power londs wea arbitrarily determined 

in both coses, in ignorance of the tijaa patterns of consumer demands and 

without any allowance for the different demand patterns of different 

consiuera. This could cause considerable diotortion in the Allocation of 

rouourcdfc, bccaujo bi^ power consumers would install their generating plant 

aa an alternative to taki.H£ public auprly* In this situation accurate 

pricing based on cost is very important. As, however we do not know how 

close priceii »/ero to costs In the cane of pcwer supply no Judgement can be 

o£farcd on t:;c posaible extent of nuch distortions.

7iherv electric cooking arid hcatinr se^ed to be beooning 

ca,Biorcially feaeibls in the last threo or four yoara bofore 19l4t supply 

for cooking was dealt v/ith as for power, a special rate being levied which 

was to reflect the relative use of peak and off peak units. Rates were low|



by 191? ten or twelve tovmo had a halfpanry cooking rate. It seemed aa 

though the peak load v^s often scarcely affected. A.H. beabrook, St.

Marylebone 1 s electricnl engineer, averted t:jat a 1400 Kff cooking aid
• 

heating load hart bsen added to hia supply aystem in 1911 without affecting
2 

the peak load, \?hlah was 37/tO ICf.

The third main raoMiod 01 char^in^ waa that baaed on different 

rates for different tiaiau of .the dt^. All Uio economic arguments are in 

favour of this type of pricing kit it was uirpi'isiri^ ignored In practice*
I

* >

It wo a not without its prominent advocates but the main body o£ opinion 

v wnfl opposed to it. Gilbert Kapj au^eatcd a time or day tariff in the
•

correspondence following Iloplcin^on1 o original papor on tho cost of

electricity supply. Ho proposed a clock iviiich would adjust tae meter at
3

predetermined times. Th? best and uoat compelling ca^uuiente for a tioa
•

/,
. of day tariff apjoared in a series of articles in tho Electrical Review in

the second half of 18% written by /di'red H. Gibbin&e, the Electrical
4 

Engineer to Hull Corporation. Strcasiug that coats varied with the time

of day he argued for a tariff uhich ahould havo the fallowing characteristic**

There shoulu bo a hi0h price in periods or uaKiuuiu clomanda| he suggested•
from 4 p«io* to 7 P*n» in the winter quarters and 6 p*ia» to 9 p*m« in the ••

Bum.-ner quartern. Tlie&e periods should be iiaod beforehand ao that oonsuatr*
•>

It i.e. the a^^regate power of the apparatus connected.

2f During a discussion on a paper by F«H* Long to the Municipal Electrical
Aacooiation on _7!io Cc-okln^ Lond fruni tho oUi^ply point. _QJ.. view. 
E>R. Vol. ?0 PP1034 - 6. 28 June 1912.

3* G. Kapp, letter to the Elect. Vol. 30. P 201. 16 December 1892.

Alfred H. Gibbings. The Various Methods of Charging the Public for
Electricity from a Central Station.
B.R4 Vol. 35f *P 96 - 7> 125 - 7 and 157 -
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should know exactly what the price of using current would be* At all 

other times a low price would be charged based on the costs of off peak 

generation* The tariff should apply to all consumers, for whatever 

puspose supply was being used, and no rebates should be given to anyone* 

He argued quite correctly that the individual consumer*• peak was not 

relevant to the ideal tariff*

Such a tariff needed a consumer* s meter which adjusted 

automatically to allow for the time of day. He considered that Kappf s 

device waa quite adequate for this* The latter waa based on the principle

of "shunting" the meter* It had an automatically rewound clockwork
i

mechanism working a switch which adjusted the amount of current going 

through the meter, and hence the rate at which it recorded* The amount 

which went through at peak hours oould be adjusted, which controlled the
/

price differential between peak and off peak units* Such a meter really 

recorded in money rather than physical units* Such a device oould be 

connected to any existing meter at a cost of about £3* thus being about 

half the cost of the meter itself* Some extra supervision was required 

but this would not add greatly to costs*

Gibbings considered that his ideal tariff was much simpler than 

maximum demand tariffs* He argued that much of the consumer objection

to differential tariffs based on their maximum demands was the undertainty
' 

as to the final amount of the bill, which could be considerably affected

by the hAifiht of the consumer's peak*

If adopted the titfe of day tariff would have been much simpler
i

than the complicated set of tariffs which had grown up by 1914, with the
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various versions and modifications of maximum demand tariffs and apeoial 

prioea for special loads•

This important series of articled provoked no editorial oonrnanta 

and no correspondence whatever* The tariff advocated was never given 

a reasonable trial. In Bristol a few houses had Kapp'a "tine switch" but

only a few* In Norwich a time of day tariff waa instituted, and the
1 

consumers 1 meters controlled from a olock at the Central Stations But
*

in neither place did the tariff last*

There aeem to have been too reasons* The first waa the alleged'i

unreliability of the clocbrork time switch and the alleged high ooat of the 

centrally controlled system. The second waa that most supply engineers 

thought the time of day tariff mistaken theoretically* There is evidence 

that olock controlled meters were neither as reliable nor as cheap as
r

(ribbings argied. In 191} H.H. Perry, one of the foremost experts on 

metera, told the Manchester section of the Institution of Electrical 

Engineera that olock controlled metera had made little headway because of their 

high first cost, the need for monthly winding, the degree of skill needed

for repairs and the prolonged period of testing required before they could
2 

be installed* Centrally controlled systems required a 3rd wire to the

meter* They were thus said to be very expensive to instal in existing 

networks, but in the middle nineties when most towns did not yet have

electricity supply the extra cost of installing it in new networks would
i

1. R.P. Wilson, Methods of Chorp:inr> for Electrical Supply, paper to the 
Northern Society of Electrical ̂ n^inccrs 8th March 1897* 
JBJU Vol. W> EP 365 - 6. Elect* Vol. 38 H? 635 - 7*

2. B.R. Vol. 73t P 821. 21 November 1913.
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have been much less. Also centrally controlled clocks do not seem to have
1 been perfectly reliable in operation* However, time switches were being

used, apparently with success, in seven towns in 1910* for special 
restricted hour tariffs* Also it is possible that the lack of interest 
of electricity supply engineers in the time of day tariffs slowed down 
possible improvement in these meters.

As has been noted Wright opposed the time of day tariff, and 
this view seems to have been held by most supply engineers* For example, 
¥*A. Chamen, the Glasgow Corporation's Electrical Engineer/ argued that

t

"It does not seem to me to take a grip of the correct principle for it 
would result in charging a long hour oonsumer the additional price during 
part of twenty four hours for the simple reason that someone else wants
to make use of the plant which is supplying him and makes him pay extra

2 
for the other consumer1 s shortcomings". In later papers on supply tariffs
the time of day charge is usually ignored or very briefly dismissed*

Restricted hour tariffs were used and provide some approximation
4to a time of day tariff. It was used for electricity for motors, but 

appealed only to the small user who ran machinery inten&ittently* Well 
suited for fans, refrigerators, sausage machines etc., it could not be 
applied to factories where most of the demand existed. But with suitable 
loads it seemed to work quite well* First introduced at Burton on Trent
in 1906 it produced a rapid rise in that town's load factor, from 12*7^

3 j to 19.6/0 in 1908 when power KWh sales had risen by JOA 'There all bat

2. W.A. Chamen. Presidential Address to the ISunicipal ElectricalAssociation. 19 Juno 1901. B.R. Vol. 48 P 1128. 
3t R.J. Pringle. The Restricted Hour System of Power Supply* vE.g. Vol. 67, PP 354 - 6 and 365 - 7* 26 August and 2 SeDteabe* 1910,
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10/o of the motors oonneoted were on a restrlcte hour basis* It was also
• 

used in Bradford, Dewabury, Glasgow, Grimsby and Worcester where

?/*• 26/« and 19/£ respectively of the motors were on this tariff* Tat 

because of its lack of general applicability it was clearly inferior to 

a time of day tariff*

If the pricing situation which emerged to cope with the 

electricity peak was a little chaotic* that of the tramways and suburban 

railways was frankly perverse* In 1910 J.R. Salter in an important 

paper to the Tramway Congress pointed out that tramway costs could be

divided between standing charges and operating costs as in the case of
/ 

electricity supply, lamenting that the Hopkinson principle had not had
1 

full application to trams or railways. But not only was the Hopkinson

principle not applied in that fares at peak hours were at the same rate 

as off peak fores, but they wore often lower, because of workmen's tickets* 

The latter were disliked by the companies. For example, both the Great 

Eastern and the Central London Railways complained before the Royal 

Commission on London Traffic that they were unprofitable* Presumably 

they meant below average cost, but if thia was so they would be far below

long run marginal cost* It was Parliament and the local authorities
» 

who forced them to have them* The latter were particularly anxious to

1* J.R. Salter. Trsurv/ay Sconomics* Paper to the Tramway Congress* 
B*R. Vol. 67, PP 5 * 8. 1 July 1910.
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have cheap workmen's transport, partly as a way to redistribute income*
A

but raoro as a method of txying to induce workers to leave the crowded 

unhealthy areas of the centres of the towns and move into the more 

salubrious outskirts. Naturally whore they operated tranarays themselves 

they usually had cheap workmen1 s tickets*
»

X have uncovered no evidence of trararay or railway companies 

desiring a higher peak hour fare although this would have more nearly
•

allocated the costs of the services to those demanding them* It is 

however extremely unlikely that they would have been able to adopt such 

a fine structure* The municipalities would probably have regarded 

tramway companies as trying to exploit tho public* The public would have 

felt the same of the railway companies! public opinion seems to have 

exercised an important regulatory function with respect to railway charges 

in general* It was particularly difficult to change from a flat rate to 

a time of day rate once the foraer had been generally adopted*

Once low fares at the peak hours were adopted competition between 

trams and suburban trains made it difficult for either to raise them 

because of the high elasticity of substitution between tram and auburban train 

travel* To do so* collusion would have been necessary and could hardly 

fail to have been noticed*



\

Chapter 11* 

Somo fUrthor comments*

The Electrical Industry ia an important one in the British 

Economy during the period under consideration* It was aaid to be a 

key sector, and its allegedly slow growth ia sometimes said to be one 

of the reasons for the slow growth of the economy at the time* let 

despite its slow growth it was an important component of total investment 

in Britain* The relevant figures from 189? on are in Table 91* They 

understate the statistical importance of electricity in three ways* 

Firstly, all electric railways except the London Underground are excluded* 

Secondly, investment in wiring in the premises of consumers buying 

electricity for lighting and power is excluded. Thirdly* non»traotion 

motors and lights are excluded*

The importance of the growth of the electrical industry in

stimulating the growth of the economy cannot simply be measured by' i 

share of capital formation* A consideration of the stimulating effect of 

electricity would* however, be rather complex and will not be attempted 

here* Two matters will be considered in this final chapter} firstly the 

pattern of innovation and how it was affected by economic factors, and 

secondly a sketch of the sources of finance*

Firstly we must look at the process of innovations* Innovations
*

vary in importance* In this industry, where innovations were directed



Table 91.

Cross Investment in Fixed Capital in the Electrical Industry
1897 • 19H.

" '"" 2 
Tear Electricity Electric London Isolated Total 

Suppljr Tranwaye Underground factory 
Railways power 

plants 
&* £m £n £m £n 

1897 2.47 0.57 0.81 0.15 4.00

93

99
1900 

01 ' -

02
03 '•-.

04
05 />--• '/
06 'Vr-

07 '•" ; " /\ '
08 'V-«i • •

09 , • '. ' i
1$10 '•?"

11
12 ' :•-,

15

3.29
4.82
6.26 
6.50
7.35

7.60
5.24 '•'•'•

5.36 '
(4.58
2.89 S->> 

2.73

2.60

2.72

2.81

1.63 .* '
3.34

1.69

2.55
7.00 
6.73
6.78
6.78 ,
6.22

5.90 '
•5.91 •" •'

4.U 

2.82

2.92 '

1.73
1.71
1.93
1.62

0.93

1.65
1*66 
1.69
3.63
5.54
6.65
5*40
3.82
1*70 

0.46
0.35
0.69
0.73
1.90
2.78

0.15
0.38

0.35 
0.47

0.75
1.73

• 1.08

2.27

• • 3.01
6.25 

• ; •• -! 2.34

1 - : • 5.21

3.24
'•-• 2.43

3.30

1.23

6.05
9.40

35.27
35.44
18.51
21.65
19.99
18.93

17.32
' 14.95 

8.35

; 11.03

- • 8.38
• 7.73

. 8.81

8.97

Poroentago of 
(kr>ss Invest­ 
ment in tha.O.I. 
(rciABteiaX

M
3.8
5.4
8.0 
8.1

9.4
11.3
10.8
10.9

,10.6
10.0 

• 7.0
9.2,

. 6.8
!

* 6»V f
• 6«8 ••'

5.7
1, Converted to calendar year basis*

2t For method of calculation see Appendix P 
column are very crude.

3. E.& Vol. 71-

Sourcess Tables 16, 35, 46, 22 and 28*

The f igire* in this
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towards cheapening some firm'', product which was already in existence,
• 1 

for example, light, tranway transport and turning power , the importance

of an innovation could plausibly be measured by the extent to which it 

reduced the cost of the final product (or products)* There is unfortunately 

very little good information on costs, and whit does exist can only measure 

general long run trends* Thus one must rely on impression* Reading 

the technical literature one is left with a strong impression that the 

size distribution of innovations was highly skew - a large number of small 

innovations, and a few big ones. Because of the lack of cost information 

one is only well informed about the important innovations* X shall attempt 

to generalise about innovation from the evidence about one end of the 

size distribution* This must, however, be done with care*

, The rate of innovation is not only determined by economic factors, 

although they have been concentrated on here. However economic factors 

touch on the other factors* One important, largely non-economic determinant 

of the rate of innovation is the scientific possibility of advance* This 

is non-economic in that pure scientific research may by some discovery 

open up new fields* An example is the discovery of the principle of self 

excitation in 186?• But even pure science is connected with economic 

matters because the commercial use of something like electricity stimulates 

"pure" research, as well as research work directed to long range economic 

ends* In the electrical industry throughout the period 1875 • 1914 the

^

!• This is not to argue that, for example, eleotrio lighting provided the 
same light as gas lighting* I have argued that there were quality 
differences* Nevertheless it provided a similar light*
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possibilities of technical advance were high* This was particularly so 

in tlia 1330s and 1890s. But although there were few completely new 

developments in the years 1900 » 14* considerable progress was possible 

with existing basic types of equipment.

Another important determinant of the rate of innovation is 

men's ability to exploit the potentialities of technical progress* This 

is a function of Education, and, what is an associated matter, the 

allocation of skilled man power between various social needs. The 

educational system and the general social forces which help to direct 

able pen into particular occupations will reflect the valuation which the 

society places on increasing the national income* But becuase we are 

talking of innovation and not invention, economic facts are important

because skilled men with varying specific interests and ability can work
/

in different frameworks. In the United States and Germany the eleotrioal 

industry was much more centralised in the hands of a few big firms than ia 

Britain. In Britain scientific research was carried out in Universities 

or by independent inventors. Although sometimes* like Parsons and . 

Ferranti, they were engaged in development work often they were not* 

Users of electrical plant were separate from manufacturers of plant* 

There was little vertical or horizontal integration* Thus in Britain 

co-ordination was through the market place.

There are several groups of economic factors which mist be 

discussed. Firstly, there is the existing factor endowment of the 

British economy at the time and the rate of growth of the British economy* 

Secondly, there is the effect of the degree of vertical integration within
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electrical industry* Thirdly! there is the degree of horizontal 

integration.

The effect of the factor endowment of the British economy on 

the rate of innovation ia closely linked with the rate of growth of the 

economy. Because gas was cheap compared with the United States, eleotrio 

lighting was established on a relatively small scale in Britain* Because 

the rate of urban growth was lower in Britain electric lighting spread 

less rapidly. Electric transray development was hindered in Britain by 

factor endowment and the rate of growth of the economy (or particularly of 

certain sectors of the economy)* There was little house building between 

1690 and 1895 end after 1904. After the first wave of electric tranway 

building (1897 - 1904) the existence of a dense network of steam railways 

delayed or prevented the building of inter-urban trazonraya* At the eama 

time it waa often not worth electrifying short distance steam railways, , 

even though, if there had been no trains, transport would have been most 

cheaply provided by a light electric railway {or inter-urban tramway). The 

growth of factory electrification was also held up by the slow growth of the 

eoonony. The growth of lighting power and traction was slower In Britain 

than in the United States because of the relative scarcity of cheap water 

power. Slectro chemistry developed little in this country principally for 

this reason. Comparative coat considerations ruled against any English 

Niagara Falls eleotrio power scheme.

In the cases of electric lighting, power and traction reasons for 

the slow growth of electrical methods have been tiven in the relevant 

chapters. What is to be considered here is the effect of this slow growth
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on innovation. In the 1880s, (more strictly 1879 * 9l)t when electric

lighting seemed to have failed at the "take off11 point, there was considerable
ft 

innovation in Britain* Many inventions and improvements were made*
i 

Naturally they wore not widely applied, but they were applied, and thus

count aa innovation and not simply invention. British engineers were

quick jbo follow innovations made abroad* Crompton quickly followed Brush's
>

lead in developing multi-aro dynamos. Swan invented the electric 

incandescent light bulb at the same time as Sdison, and even though ha did 

not, as did Edison, design a whole system of central station lighting, he 

and Crompton co-operated to produce the same innovations* Edison was in 

front of them, but not very far in front. In the case of the a.o. 

transformer and the use of high voltage transmission Perranti in Britain 

saw the economic advantages of the transformer as quickly aa anyone*

His achievement was as great as that of William Stanley in the United •
1 

States. Crompton and Willans developed high speed steam dynamos, an

improvement on the small belt or rope driven dynamos used in other coontrit* 

in the 1680s. Perranti was the principal pioneer of paper insulated 

cables. Parsons developed the turbo generator* In small as well aa in 

major matters there was great progress in innovation in the electrical 

industry when the economic situation was very discouraging.

The 1590s, (more strictly 1892 - 99) show an almost diametrically 

opposed set of conditions. The electrical industry began to develop 

fairly rapidly, especially after 1895, and yet the rate of innovation at 

home fell away to a very low level. The important developments in traction 

and power came from the United States and the Continent. A very slow rmt« 

of innovation was particularly marked among British manufacturers of 

1. H.C. Parser, op.cit. Chapter
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electrical machinery.

It would be odd to argao that a slow growth of the application
» 

of electrical raethoda stimulated innovation* On the other hand it is
i

easy to see how lack of commercial success could deter further invention 

and innovation* Tims the evidence seems & little perverse* However we 

must distinguish between the making of Innovations and the application 

of innovation* The rise of electric traction in the late nineties was 

the application of an innovation - or a aeries of innovations - made abroad* 

Thus one reason why the rise in demand for transport did not stimulate 

innovation at home was that the important innovations had already been 

made*

Also there seems to have been a considerable time lag in the 

response of innovation to economic conditions* The slow innovation of 

home manufacturers in the nineties is partly a response to the economic 

difficulties of the eighties* Because the financial return to innovation 

had been low in the eighties both lenders and the commercial directors of 

electrical firms became reluctant to finance and encourage it* This 

attitude is shown particularly clearly in the case of the electrical 

machinery manufacturers in the years 1396 » 1902*

After 1903 the slow growth of the market does seem to have had 

the effect of dampening down innovation* The slow rate of growth of demand 

for capacity in electricity supply delayed the adoption of some of the 

possible eoonomes of scale in electricity generation* Yet a slow rats 

of growth of demand for capacity is clearly not necessarily f a bar to 

innovation* The experience of N.E.S. Co* shows how successful innovation
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could nevertheless lend to a considerable growth in capacity* The 

financial difficulties of the years 1901 * 10 do soem to have reduced 

the development work undertaken by British manufacturers*

The second important economic matter to consider is the effect of 

the degree of vertical integration. The email amount of vertical 

integration in Britain compared with the United States and Germany produced 

a structure of the market for electrical plant that was said by comtemporariei 

to be a handicap* Becuase electrical utilities and eleotrioal manufacturers 

ware separate and independent the consulting engineer was used to bring
\

the two together. The consulting engineer laid down specifications » 

usually rather strict ones - for the equipment required* Manufacturers 

responded with tenders* In the United States by contrast the relations 

betwcren plant manufacturers and utility were close, and utilities often

•imply ordered plant automatically from one manufacturer* In Germany 

the situation was much the same as in the United States* The same 

financial groups had interests both in utilities and manufacturers*

Contemporaries in Britain argued that the British system hindered 

progress* Much of the evidence does seem to be on their side* 

Standardisation was more likely to occur when manufacturers had more say 

in the type of plant they were to supply* Of course standardisation ty 

itself was not necessarily an advantage; it could involve stagnation in

design* The consulting engineer could stimulate manufacturers* In 1892*•••>
the Electrician argued that "perhaps nothing else has done so much to 

develop and improve the d«c. dynamo aa the stringent conditions as to
t *

weight, size and heating which have been laid down in the Admiralty
1

•pacifications". let in Britain there was certainly too little
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standardisation* This does aeon to have kept oo&ts up rathor than 

By how ouch we cannot sayi one oust be careful not to exaggerate the 

possibilities of standardisation* Inevitably most plant had to be 

designed for a particular job*

More important than the question of atandarisation, seems to be 

the possibility of developing plant by close co-operation between consumer and 

manufacturer, that is by continuing development work when the plant was 

actually operating* In Britain tho use of a consulting engineer, with 

the system of rigid specifications and heavy penalties for not meeting 

giaranteos does seem to have made close co-operation between manufacturers 

and utilities difficult* The fact that many utilities were local 

authorities oade for further estrangement*

This view is supported by the facts that on the North East Coast 

there eras close co-operation between mnufacturm** and N.E*S. Co. and that 

this Beans to have had beneficial results* N,E«S. Co* had a purchasing 

policy quite different from that of other supply undertakings* Hers often 

invited tenders on very open specifications for individual items of plant 

or merely consulted firms who he thought could build the machinery* Prices 

were often fixed by bargaining* If, af tor plant was installed, difficulties 

were experienced, the manufacturer would be called in* Where progress 

consisted in a series of snail improvements made because operating conditions 

revealed snags this was very fruitful. For example a good deal of the • 

improvement of metal clad switchgear was due to the close and fr&ft&ly 

relations between Reyrolle A Co. and N*K.S. Co* The former had based

their initial designs on the A*K,G. switches installed in Northumberland
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in 1902* Ifony of the Reyrolle improvements wero small changes aftor
»

particular snags occurred in working. The problems were mechanical 

rather than electrical, and difficult to predict theoretically* Oil 

filled boxes burst when faults occurred; they were replaced with 

stronger boxes* On such matters, ifera A McLellan, the consulting 

engineers, N.K.S. Co. the operators of the system, and Reyrolle ft Co* 

the manufacturers and contractors for switchgear co~op9rated closely, 

often on Reyrolle*s shop floor. It was not a question, as with other 

supply undertakings, of collecting penalties and turning to other
•

contractors* There was similar close co-operation between N.S.S. Co. 

and Parsons* It was at the Blaydon Waste heat & power, station that *
•

Parsons made his first re-heating experiments with turbines* The low 

capital costs of the N.K.S, Co* system suggest that no penalty in termo 

of high prices was paid for this reduction in competition.

There are degrees of vertical integration. Integration means
r

replacing a market structure with an administrative structure* Without 

argiing that complete vertical integration was desirable one can argie that 

too much reliance was put on a market structure, which did not have the 

necessary flexibility.

It can also be argued that there was too little horizontal 

integration* It has been argued in Chapter 9 that public utility 

control of the time led to insufficient horizontal integration in 

electricity supply and electric tramways. It may be asked whether the 

private monopoly which this control was designed to prevent * or at least 

strictly control • would have be^n more efficient* In ti£ ̂ United States
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companies were formed which controlled scvaral local companies. In tho
1 

1920s private consolidation proceeded particularly rapidly* Electricity

supply after 1905 is a clear ̂ < where if private monopoly had been allowed 

prices might have been lower as lower costs, because of economies of 

scale, izd&ht have overcu&iponsated for higher profits. The crucial 

questions are the extent of scale economies and the elasticity of demand
»

for electricity* The scale economies were quite large as the low costs
2 

of U.S. 3. Co. show. There is no information which would enable us to

make any precise calculations about the elasticity of demand for electricity. 

Nevertheless one can try and make soae rou^h guesses based on literary 

evidence. For electric lighting demand was probably generally rather 

inelastic. It was certainly highly inelastic in the eighties when 

electric lighting was each more expensive then gas lighting* The

elasticity oi' demand for lightin- for lighting rose during the nineties
i 

as electric lighting costs came down towards gaa lighting costs* Also

in the late nineties the elasticity of demand for electricity for traction 

seems to have been quite hi&fr as trainway electrification proceeded rapidly* 

However, it was easy to practice prico discrimination* After 1900 

the elasticity of demand for electric lighting must have declined again 

with the introduction of the incandescent gas lamp* But the introduction

1. K.7. Faulkner. American Economic History, 7th Edition* New Tork. 1954 
P 610. /

/

2. Chapters 3 & 4* The lo* cost of N.E.S. Co. electricity was due to
other things than scale economies* But soale economies were important
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1 

of demand for electricity considerably* Tho demand for electricity

for power seems to have been quite elastic* The higher the elasticity 

of demand for a product the less we need to fear monopolistic pricing* < 

In these terns therefore a caae could i e made out for regional private 

monopolies in electricity supply from 1905 to 1914 (and perhaps later)*

In the case of electric tramways and the London Underground 

thoro wero certainly economies of scale* There were not scale economies 

in an isolated large town but in conurbations whore there were several
\

operators* The economies of scale were economies of through running 

and would have reduced travel tirao rather than fares. It is very 

difficult to guess at the elasticity of demand for tramwqy and urban
i

railway transport* It was probably higher in London than elsewhere*
<

The general used contemporary index of travel frequency • journeys p*a* 

per head of population * was remarkably low in London, not only compared

with vexy large cities but with bi£ British towns* Generally.' however*.
2 

the demand situation for suburban housing does not lead one to expect
•

a high elasticity of demand for urban and suburban transport* Hence the 

arguments for private monopoly are considerably weaker* both on tha demand 

and on tho cost side than in the case of electricity supply. London*
i

however, is an inportont exception.

It is also possible? to argic that more horizontal integration 

would have been desirable in the case of the electrical manufacturers*

1, While at the same time causing a onoe for all shift of the demand 
curve to tho left*

v
2* Chapter 5 * 190*



476

In tha United States and Germany hiv.h concentration went hand in hand with

rapid technical progress. In 1392, with the formation of Gen ral BleotriOj
• 

olectrical machinery manufacture in the United States became a duopoly*

In Gsrmany in 1903, the Gittalgamationa of A.U.S. and the Union Co« and 

Siemona and Schuckort led tjuilclily to n duopoly situation. Tlie consequent
r

reduction in competition does not soom to havo led to ony atagriation* 

On the other hand it doea not fcavr t^ hnvo led to any quickening of 

technical progress. However it sd&ht have done in Britain, although
t

there is not enough evidence to be sure of the aaUer. British firms 

se«n to have been big enough to exploit economies of scale* The 

manufacturing techniques used in building electrical machinery were not 

ones wiiere these economies ware considerable. ISlectiical manufacturer* 

did scarcely nny research before 1914* There do not Api*ar to have been 

'cconfcaics of scale in development work which British manufacturers could

not benefit froui. tet it can be argued that tho type of price butting
/ 

which resulted frcs& the existence of 4 * 5 lar&o firms in Britain did

slow up innovation by reducing profits and causing illicjuidity.

It cay well be asked why greater concentration did not take place
i

in Britain in electrical machinery D£uv:iv:--uro. Hot enough is known about

the individual firms concerned to give an e-Co^alc ancwer* But the'
/
charnctor of tho recessions does provide a partial answer* It is

signif icant that in Gcnaany tho iunalgamations of A»K*G. and the Union Co* 

end Siemens and Sohuckert were eased by the difficulties of tha Union sod

!• See Chapters 7 and 8*
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Schuckort Companies. The relative gentleness of the English cyols in 

electric&l equipment las^ havo been disadvantageous. The more violent 

recessions in the united States and Germany even if they did not materially 

aid amalgamation, at least increased concentration by eliminating the

weaker firms.
/ 

The electrical industry suffered from insufficient horizontal

integration in that engineers and business men did not work well together*

In the United States and Germany the major manufacturing firms employed
2

many of the best electrical engineers. In Britain this WES largely th*

cade in the 1380s but in the nineties the major firms lost many of their 

engineers* However it is clear that were amalgamation could not cure thisj 

the gap between engineers and business men was too big* In. \aiiy situation 

there is on Inevitable gap between the two, but it does seem to have
A; .- j

been particularly wide in Britajn. Su&inasa cum had virtually no

technical training; engineers did not feel that commercial matters
.• 'M 

were their province. Indeed they were not encouraged to concern

with the f inn's accounts. 3First rate engineers like Parkeri

Ferranti and Pardons fait that they wuat work on thoir own* Yet even
3 

Parsons might huva dona bottor if ho had had greater business skill*

This gap mode it difficult for English firms to digest outside inventions* 

This i3 shown by the situation in the oarly eighties and the difficulties 

Kngjiflh fines had in building Parsons turbines*

1, Cf • D.II. IbbcrUon, op.cit* IT 27 - 8. "Thanks to its more moderate
and controlled expansion, the Enclish electrical industry escaped 

• altogether the catastrophe that befel its German neighbour* %

2* Sea H.C. Passer, op.cit* for the United States,

J, Sir Alfred Yarrow coraionted that Parsons was a "stupid sort of ohap in 
business*" R. Applcyord. op*citt PP 269 - 70. ?or oomments on

flflfl PP ^66 • 7*
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The rewords of an engineer working for an electrical 

manufacturing fira or an electrical utility were fairly small, unless he 

were a Director* Salaries appear to have been fairly low* There is 

very little evidence on this and it is difficult to make a balanced 

Judgement* But there was constant complaint in the correspondence 

columns of the ff leqtyicol .Rgview and the Electrician that municipal 

electricity supply undertakings and municipal tramways paid excessively 

low salaries, end that this led to their getting inferior men* There 

seems to have been a good deal of justice in this view* although one 

can point to very good electrical engineers who workod for municipalities*

Low salaries may have led to employing men with a pedestrian approach
i

to matters when what was needed (at least after 1905) was to persuade
2

Town Councils of the need for co-operation with adjacent operators*
/

London transport seems to have suffered from a rather uninspired tramway

manager, who was reluctant to make through running agreements with other
3

operators*

Xn electrical machinery manufacturing engineers were also not, 

it seems, well paid* Nor were they given much scope for developing new 

designs of machinery. Many of them were attracted into becoming , 

consulting engineers* There, &s far as we can tell financial rewards 

were better, and there was also more scope in designing plant* It

•1* e.g. J.F.C. Snell and C*H.
«

2. See Chapter 9*

Jf Charles Klapper. OTudt* P 246
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however that socially a«ey had too nuch scope* Consulting

ware not intimately connected either with the manufacture or 

*ith the running of plant* They were able to try out all their new 

ideas,, which were often no doubt good ones, without worrying about the 

coat of production of electrical uwcainery generally, as opposed to 

the coat of a particular order* To reduce coats ty standardising they 

would all have had to have acted, if not altogether, at least in groups*

Given a situation of no standardisation, introducing special modifications1 • 
is often justified*

In considering innovation the question of patents has been
t

ignored* This has been done because there seems little to say about

patents in electrical machinery manufacture, and nothing to say about
i

patents in electricity supply and electric traction* This is parti/
i

because many products were developed abroad and introduced by new
/ 

companies holding the English patent rights. But evon without patent
/

protection entry would have taken place because of a superior productf'
which could not quicULy b<j copied ut existing prices* The rather 

scanty evidence suggests that it was not usually difficult to get 

licence** to work particular jjatents* Again evidence is inadequate but

royalties do not -oca to have been high enough to restrict competition
2 

substantially. A subsidiary effect of the patent laws was to encourage

overcapitalisation - patents being overvalued assets* But this is more
§ •

an illustration of the poor understanding between technioal and oookneroial 

personnel, and the specalutive nature of the market for ordinary shares

1* S.S« Saul, op.citi, P 21*
2. The evidence of f inaa1 coots which might enable one to decide this 

question seems to have been destroyed - if it ever existed* Costing
•^•4* rfB ^0%^M4 vn4 T* *i ^i^k_
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than a comnent on the economic effect of patents* One nuat conclude 

thia paragraph by saying that patents wore very important in 

incandescent lamps* and led to a monopoly from 1888 to 1893 •

W«M

S3

Various comments have been made about financing in earlier 

chapters. An adequate study of financing would involve further 

research* But some general cojaojenta can be made. Most of the 

borrowing for electricity aupply was done by the nunicipalitiea* 

of the money must have been subscribed locallyf how much we do not
'«;

know* Electricity aupply companies were, it seems, largely financed

locally* The directors were often local men* However there were
/ 1

also several national croups. British Electric Traction had
t

considerable interest in electricity supply* Thia waa usually in the 

areas served Toy the power companies* B.E.T. was the original owner 

of the County of Durham Power Co., and held several Provisional Ordera 

for lighting and tramways in County Durham* It controlled the North 

Metropolitan Power Co. and held many Provisional Ordera in the 

power company's area*

Edoundson'a Electricity Corporation waa a financial group 

with interests in email central stations in a number of amall towns spread 

all over the country* Although it had helped to finance many electricity 

aupply undertakings, as Table 92 shows, tho total amount of money provided
»

in thia way waa relatively small* The Edmundaon1 a money waa probably



Table 92. 

Electricity Corporation Invoatmenta In
and advances to Subsidiary Cos, March 1906.

Comparer

Alderley and Wilmslow
iironilcy 
Folkestone 
Isle of Wight 
Hfrfccombe 
l^ymington 
Melton Koribr&y 
^or/market
North of Scotland Co. 

(Brechin, Inverness 
and 1 font rose)

Hamsgate 
Scarborough Trams

CEbon R.S. Co. 
(Oamoourne, Reurutb, 
Glossop, Twickenham, 
Hawioh, Granthan, 
Berwick, Godaindng, 
Mewton Abbot, 3tauford( 
Dartmouth, Weybridge, 
Hewbuiy, Catexfcanu

Vlnshester
ftyconbo

4.0,608
25,100

35,3^5 
30,839
36,910 
13, #0 
97,906

3'«-,103
97,931
49.8W

409,789

As a percentage at 
capital expmOitur**

92
19
8

71
120

91
36
98

97
72
55

25,815 
87^5

30
90

Lanoashira Power Construction Co. 79.010

Also Investments la Guernsey (131,796) vui in Craner, Dorking, Proaw, 
UamUtoo and Surbiton (32,274)

Total £1,413,101

Total capital expenditure on eleotrioity aupply in Britain 
at the time was ... ... £59,440,222

Source: Electrical Review Vol. 59. P 108.
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largely raised nationally and used to supplement the money raised locally*

Table 92 also shoars Edmundsona lending to the undertakings they controlled
1 

as a percentage of the capital expenditure of those undertakings.

There were also smaller groups, for example the Electricity Supply 

Corporation and the Northern Counties Electricity Supply Corporations* 

They, like Edmundsons financed small undertakings in small torms.

Even quite big undertakings raised a large part of their 

capital locally* For example, N.E.S. Co. did not make any public 

issue outside the North Beat until 1906* fy then it had spent

on capital account, 
i

Although the matter has not been fully investigated it does

seem that electricity supply undertakings found it difficult to borrow 

outside their locality. The power companies (except N.E.S, Co.) found 

borrowing difficult and yet other electricity supply undertakings seem 

to have been eble to extend their plant to meet demand without difficulty* 

Because the power companies were not based on any one town they had no 

natural local source of money* N.S.S, Co., the one power oonmany which 

was able to borrow fairly easily, supports this argument, for alone of the 

power companies it grew out of a local undertaking*

The finance of electric tramways was similar to that of 

electricity supply in that the municipalities were the principal 

borrowers* But the private sector was dominated by B.E.T, However 

we do not know where B.B.T. sold its shares* The London Underground

1* This percentage io not quite the right one to take* But it has 
been simple to calculate ns I have been able to use my collected 
capital expenditure figures*



*

Railways wore largely financed from the U.S., although the Yerkea - Speyer 

group must have borrowed heavily in London as well. To disentangle the 

financial arrangements in this case is a task on its own* The capital 

for the Liverpool Overhead Railway wao raised entirely in Liverpool, 

and with great ease* The Mersey railway borrowed from Westinghouse 

for ita electrification and the main line steam railways no doubt used 

their usual sources of money.

Electrical machinery manufacturers suffered more than the other 

sections of the industry from borrowing difficulties. This matter 

has already been partially discussed in Chapters 7*8* British financial 

companies did not usually sell many ordinary shares* Many of them were 

held by the Directors* Some of the Directors were often members of the

original partnership or purchasers of the original patents, or the original//
inventors* Sometimes a local landowner, who had bought many ahareat 

sat on the Board* Preference shares were held more widely but were not 

easy to sell except in times of considerable boom* Debentures were 

presumably more widely held still. Electrical machinery manufacturers 

also had heavy bank overdrafts and sometimes the Directors had to tide a 

company over a bad time out of their own pockets*

Over a period of nearly 40 years from 1875 - 1914 conditions 

naturally changed* But the underlying pattern described above does not 

seem to havd altered ouch* In the years 1679 ~ 82 money was vexy easy 

to raise. From 1833 - 87 it was very ti^ht. Then from 1338 right 

through until 19C4 borrowing was not very difficult except for the 

machinery manufacturers. In the recession 1392 • 95 private borrowing



was not easy, but the municipal it ie 3 were able to raise what they required* 

After 19% interest rates rose, which could be a serious matter in a 

oapital intensive industry working on small margins (e.g. electric traction 

and electricity supply)* In the case of the L.C.C* capital market

difficulties were An important cause of the scaling down of public utility
1 

schemes. London is, hear/over, probably not typical* If the other

local authorities had similar borrowing difficulties they kept rather 

quiet about them*

1* C*H. Fiaateiiu Home 'and Foreign Investeent* Cambridge Ph«D» 1959t4 *IP1I*™'^I"^I™—"^^^™""^
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APPENDIX. ...METHOD OF CALCULATINGVARIOUS TABLES.

proas Investment in Electricity Supplg. 

Table 15.

Before 1895 capital expenditure figures are rather dubious* 

The Blectrician made estimates for capital expenditure at the end of 

1894* 5 6 6* I have also aade estimates by the method described on 

Pages 486 * 8*

Electrician Mine 
£000 £000

18% 7,400 7,150
95 8,002 8,574
96 9,673 10,547

At the end of 1891 8 London Companies had spent £2,018,997* X have 

allowed another £lm. to cover other companies at the end of 1891*

I have assumed that capital expenditure at the end of 1888 was only
/

£300,000. I then interpolated graphically between these points and the 

later estimates made by the Electrician and me.

Gross investment was taken as the investment in capital

expenditure.

Cross investment £ou

Electrician estimates Using of estimates*i
1889 0.7
1890 . 0.8
91 1*8
92 1.5 1.3
93 1.5 10
94 0.6 * 1.6
95 1*4
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Table'16,

Electricity supply undertakings hod, under the Electric Lighting 

Acts, to make returns tc the Board of Trade. However these returns were 

only published for 1899 and 1900, and in some respects are incomplete*
«

A search for other returns in various Government departments and at the 

Public Record Office has proved fruitless* Thus I have had to fall back 

on the figures in Garke's Manual* Data on capital expenditure are given

for most undertakings for most years* There are some gaps* Also
• 

something was spent on Capital account before the undertaking was opened,

and often the amounts are unknown* Bstimates were made for missing years 

toy linear interpolation* To allow for capital expenditure before the
\

station opened it has been assumed in most cases that capital expenditure 

was zero at the end of the 3rd year before that in which supply began* 

In the cases where the undertaking was small and capital expenditure 

was £20,000 at the end of the year in which supply began it was assumed 

capital expenditure was zero at the end of the 2nd year before that in 

which supply began*

The magnitude of errors in estimation depends on the size of 

the undertakings for which figures are missing and the size of the gap 

between known figures for undertakings* Happily there are only short 

gaps for the big undertakings* Often it is only one year and an estimate 

which is the arithmetic average of capital expenditure in the previous 

and following year cannot be far out* The undertakings with very long 

gaps or very unsatisfactory figures are the small ones* For a few of 

them, capital expenditure figures have been estimated from figures of 

issued capital*



In order to get some idea of the possible errors which might 

be involved in estimation those undertakings with long gaps in their 

published figures were put into a separate group* This was done when 

there were estimates more thanAconcecutive years* However the period
A

was not treated as a whole aa on several occasions a good run of figures 

contains a gap at one end* The period was divided into two parts, 

1095 * 19% and 190$ to 1914 inclusive* Care was taken to see that 

long gaps in the period 1902 ~ C? were not ignored* Where a run of 

figures for one of the two sets of years had more than 2 eatimatea linking 

on to a set of more than *V consecutive estimates in the whole period 

1902 <• 07 it was put into the separate £roup*

Sometimes published figures were rather uncertain* Where this 

occurred they were assumed to be rather more reliable eatimatea of the 

truth than are possible if no figures at all exist for a year* If the 

figures of en undertaking contained estimates plus uncertain figures for 

one more consecutive year than simply where estimated alone were considered* 

it was put into the separate group*
*

The aggregate capital expenditure in the separate (more uncertain) 

group is below expressed as a percentage of aggregate estimated capital

expenditure (more certain plus uncertain group)*
3*8 

19051895
96
97
98

1900
01
02
03
04

W ̂ r ^^ •^•^f ^- '

2.4
2.8
3.2
3.7
3.7
4*3

4.9
5.3
6.2

07 5.0
08 5.0
09 5.4

5.6
6.5
7.2



The errors can scarcely be higher than these percentages* Errors in 

the capital expenditure figures would be serially correlated and thus 

errors in the gross investment should be no larger than in capital 

expenditure*
»

Depreciation normally took the form of a sinking fund. Where ' 

it did not I have corrected the relevant capital expenditure figures*

Where plant was sold I have allowed capital expenditure figures to fall
\

accordingly* Hence gross investment in anjr year is simply the increment 

in capital expenditure.

Not all undertakings drew up their balance sheets at the same 

time* * Companies usually drew them up at the end of Docoaber* English 

looal authorities usually drew them up at the end of March, and Scottish 

looal authorities at the end of May. There were a few exceptions to these 

rules* I have not attempted to correct for this* New plant was usually

installed in the summer, and thus I have taken the gross investment of alli i
undertakings and put it in the nearest calender year* This would cause 

my capital expenditure series to lead the true series slightly*
•

Additions to capacity Table 16.
i.i-

The same procedure was adopted as for capital expenditure 

except that no allowance was made for years before supply began*

Tho aggregate estimated capacity in the more uncertain group AS 

a percentage of the total estimated capacity was

1896
97
55
99

1900
01
02
03

7.5
7.9
7.5
6.5
6.3
6.8
8.7
9.5

1905
06
07
08
09

1910
11
12

5.8
7.V
7.3
7.3
7.1
7.1
6.8
6.3
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Sorae check can be made on theao figures by d.*ta in the 1907 

and 1912 Censuses of Production. However the ccnsuu figures are not 

unambigiouo as trasray por/or bouses belonging to cunioipalities are 

grouped together with municipal electricity cupply. Also thore is reason 

to suspeot that the Lota Road power station of tho Underground Eleotrio 

Railways of London is included araonc colony electricity supply. Hr 

estimates of the capacity of British central stations are 9&C481 KIT in 

1907 and 1AC5,77V KY in 1912. The Census gives 1,020*312 Kf in 1907, 

but I estimate that 72,848 Kff was in nunioipal tromt^y poner houses and 

44»CQO EW was at Lots Hoed. Deducting thane two amounts leaves 903*464 Kf* 

Ify estimate is 106/o of this fi^are. In 1912 the Cencus gives lf 401,275 Kf« 

X estimate 109,JM5 IC7 was in aualeipal tnaamy power houses and 4^*000 Kf

was at Lots Rood* Deducting this leaves 1*327,930 K?« l$r estljaate is 
/
KX!y? of this.

I EstioA'tion of generation rr& etalca of electricity by electricity
supply undQrtnkia".o. Table 22.

X have used figures published in Gaxke'a ̂ amal^ These oontaia
•

data relating to moat undortnkin^a, oxcopt the power companies. Tht 

sales figjurca (in KKb) in Gorkafo Manual have already been added up. But 

the aothod used is unoatiaf aotoxy* Firatly the figures are given for tbs 

year in which tbe l^onual appeared, although the accounts refer to an 9 

earlier year* Secondly acme accounts of sane companies for ooiae ears

are
•

* anall point, - the Etonual covera all ooopanlea registered in Britain*
Thirtly
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Electricity sold in South America and India appears to be included.

Garke9 B information on the power companies is very deficient. 

U.S.3. Co* is excluded aftor 1905, although it is vory important* Other

power companies are also excluded* The power companies' figures are not
* 

centrally collected* Neither the Electricity Council nor the Central
1 

Electricity Generating Board have any knowledge of them. However

K*S*S* Co* figures have been obtained from the North Eastern Electricity 

Board* For other power companies estimates have been made from figures 

of connections to mains given in the Electrical Trade Directory plus data
»

of KWh sold p.a. per KBT connections, derived from N,E*S. Co. data* Also 

odd figures have been found in the Electrical Trades Directory and in annual 

reports of the power companies. The figures for the power companies art 

rather shaky, but checks with the 1907 and 1912 Censuses suggest small 

margins of error* Estimation was based on individual undertakings and 

then all figures were added up* Sales were first estimated* Graphical 

interpolation was generally used to estimate figures for years where they 

art missing.

One deficiency in the published figures was that sales figures 

were usually not given for an undertaking in the year in which it began supply. 

As when most undertakings began, electricity was largely sold for lighting, 

the bulk of units sold were in the winter. Also when most undertakings 

began accounting years ended in December (even in the case of local authority 

supply)* Thus it was felt that on the average the sales in the year when 

supply began would on the whole be half those in the next year* A random 

sample of 20 undertakings, where sales in the year when supply began art 

1. Except for the Derby & Notts Power Co*
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available, was taken and the statistic sales in first year of supply/sales 

in second year was calculated. The average value of this statistic for the 

sample was 0*5%., with a variance of 2*108. Thus missing sales figures 

for the first year of supply were estimated at half the sales of the 

second year.

In Column 5 of Table 22 sales figures have been connected to an 

annual basis. The local authority figures for years ending in March and 

May both showed strong linear trends.

As the 1907 Census gives figures of generation, but incomplete 

figures of sales, generation figures were collected! estimated and aggregated* 

There were many more gaps in generation figures* An attempt wau made to 

estimate missing figures for the wholo population by taking random samples
•

at three yearly intervals, and estimating intermediate points graphically* 

However the variance of this statistic was very high* and thus it would not 

have been an efficient estimator* It was found that the statistic much 

more constant for an individual undertaking over a range of six years 00 so* 

Thus where it was available for nearly years it was used to calculate units 

generated from units sold* tfhen the statistic for the individual 

undertaking was not available the statiatio from the random samples was used*

The checks with the Censuses of 1907 and 1912 are difficult
1

because of the peculiarities of the Census data* But for 1907 the adjusted

Census generation total is 1165 in KKh. % estimate i* 1102m* KRh, the 

difference being only 6/£* For 1912 the adjusted Census figure is 1861m. Kfflu 

estimate ia 2181m. KV/h. But the Census of that year was incomplete*/ x 

However, the fact that i^y estimate ia 13/p greater than the Census may
»

1« See P493 for reasons for adjustment of census total*



indicate greater inaccuracy in my estimation towards the end of the period 

because of the greater importance of the power companies*

Estimates of traction sales were done by graphical extrapolation 

and interpolation* As most figures were already given, and estimates 

were made easy by the fact that most tramways caused a sudden bulge in 

electricity sales, one would not expect too many errors* It has been 

difficult to estimate sales to the Brighton Railway which makes the estimates 

from 1909 on more shaky.

Estimation of power sales was done either by graphical interpolation 

of use of the statistic units sold p. a, per customer* This was often 

available for undertakings in the days when electricity was only used for 

lighting* The variance of this statistic when oaloulated for all undertakings 

using only lighting for several years was found to be intolerably high* But 

it was fairly constant over a range of years for one undertaking* Sometimes 

a mixture of graphical interpolation and the latter statistic were used* 

As the average revenue varied for units sold for different purposes changes 

in average revenue were helpful* But the whole method was rather 

impressionistic, especially for the early years of a company9 s power sales* 

Data on power sales often appears from one to three years after such sales 

begin* Again the power companies were the most troublesome* Considerable 

trouble was taken over N.E.S. Co. which accounts for a very large share of sales 

of electricity for power* For the others it was assumed that the Cleveland 

A Durham, tho Clyde Valley, the Lancashire, the South Vales and the lorlcshire 

power companies sold electricity only for power, while the others sold only 

to authorised distributors* It is likely that the power sales of the
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others will cancel out against the non power sales of the former five*

The methods used for estimating sales for power are crude* 

Unfortunately estimates are a considerable proportion of total sales for 

poser. In 1907 estimates made up 43/i of the total* let although crude 

it ia not likely that better results could be achieved) except perhaps with
f

an excessive input of resources*
\ 

In the years 1912 * 13 power sales are zcore difficult to estimate
»

4

than earlier* % sum of individual estimates for 1913 came out at $Uou Kfftu 

This seems too low and I have rather arbitrarily increased it to l«OOGtau Kilu 

The only check we can make 6n the estimates of sales for various

uses ia with the 19C? Census. This is done below* At first sight the
\\

differences seeza enormous* , >

estimate . 1907 Census figures 
/ m* Oh* 

"; Units generated 1101*9 1432 •! 
Units aold ... total 956.0 1Q57.0 

" " lighting 416,0 357.1
InooniD* , " traction 218*9 442*4

* n paver 321.1 240.1
not separately distinguished 17.3

The main difference lies in sales for traction. But it is fairly 

simple to explain. In the census Municipal tramways generating their own 

current are included in municipal supply, although company tronsraya generating 

their own supply are shown as users generating their own current* Although 

the Census gives no figures of generation in municipal tremway power houses, 

it is possible to estimate the amount from Carke9 s Manual* Such trams used 

I4fi+7a* KSVh in the relevant time period. The Board of Trade Returns 

relating to traaweya shows that cunicipal tramways used 324*8 n* IWh* If
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waa a/a gen-sralocl currant, jxirchaces fraa public euppty atfttions wae 
17S*lm. K?»lu C .-ra^JV trocftYfyG purcluuic* W-Qra/^TVh, and the N«S» Railway
£Urehoao3

* 9,5 • 234*&u £ h. 
Tidfl S^N&U /^."h id 7,* fcbo7o Ry oatinate of salea for trttftloiu the 
dlf : creaco is partly due £9 ths iapoo^lbility of codplotelj reconciling 
Goveaiaaont fi^prod fr&^ different aoorcea* For (uuaiple the Ccnoua ehowa

usin^ 10^^^* ^^ «M tho Board of Trada returns ehon then 
107*lm. KTih* However It JU &Uo uuo to the imperfect odihod* of 

Z havo u&cd* ^ pointed out in Table )8»4ou K^Ii used for 
cannot bo allocated bet we an am generation a?vd p^rohftaoa*

^

there io -till & big difference bctr/een 442»4a« KJVh ainufl
147. OLI, JCT.la 0 2?thiCk« ^li ar;d the 234* fc« KKh calculated above* The 

of 6C«0 cca^ to bo accounted for by poculiaritioa in oalee to 
which aug^o&ta that the Lota Rc&d po«?er station of the

UnJor^rouxwl Electric Pailx7o,y& of London Ltd. voz included & & iul>lio «Uppl/
it only Hold current to ita iHAbcidiory and affiliated 

(District, Baker Street & Waterloo* Pioondilly and 
Charing Cr^ou c^d Duotoa). In tto Cea^us railwa^' ccnponiea are entered
aa buying 110* ?ou H/h« Only the N.I'. Koil;-rv (ejccoj/tin^ the above tube

1 
Unco) bought It for tmction* 110.9 * 14*3 o 96. la. ^h* Thia la a
Very hl^fr fi&uro for atation H^;hti££ oto- and iu alao inconsistent with 
other figures. ?he Census #ivc3 a fi^re of I?4t4a. 2T^. for generation / 
by railway aoa;^anicat It is iaca^loto wia probably ought to be inoreaaed 
to 17^*0 a. If we allow 13^ los^ea (the usual figure) and add purohaaaa we
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hare 260.9m. tffth for uso. The Board of Trade Returns for electric railways 

give their use of electricity as 213.7m. KWh. 260.9 - 213*7 gives onlj 

47.2m. Kfla for station lighting railway workshops eto.

There are no fi^tres available of generation at Lots Road or 

purchases from it by tho tubes. But if we take the electricity used by 

electric railways and deduct the amount used by the N.B. Railway plus 

estimates of ti* amount used by the Lancashire & Yorkshire Railway the
/

Kersey Railway and the Liverpool Overhead wo get approximately 175m* KTOu 

The rest waa used by the London . Underground Railways* Those of them 

buying current from L0ts Road carried WM> of the total passengers. If they

used 48/3 of the total current usod they used 64m. KWh. Lots Road had a
4 

capacity oi' 44,000 KT» If tho maximum demand was 35,000 OT at the load factor

was 30> generation would be 92m. KWh* Thus purchases of 8teu are reasonable* 

This suggests that of the 110.9m. Kffh sold to railways 84m. 4 14*ftn. 

was for electric traction and 12.1m for non electric railways for station light* 

ing, railway workshops -etc. Also it suggests that 47*2 • 12.1 • 35.! nuKwn 

was generated by steam railways for station lighting and railway workshops* 

This is finally confirmed by the fact that tho Census states that 

railway companies used 154.721. KWh for traction. The N.E. Railway, 

the only one buying electricity for traction from public supply station, 

used, only 9.5m. Kwh. Thus railway companies nust have generated (194*7 * 9*5) 

• 195*2 a.Kfih (after losses) for traction themselves* Thus some these units 

Dust be entered in the Cerums as purchases from outside* These can only have 

come from the Lota Road power station*

This more than accounts for tho lost 44»7m. KWh. But the census
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breakdown of aalea was
the 

The boat chock on those figures floras to bo correct^figura

of generation in the Census \y deducting £enoration in municipal tronrey 

T hr>ua<m, fu>i at Lota Hoed ncd to cocar*re tho rooult with jqy

of generation, which cocoa froa the same aouroe ao ay figurfts of aalea*

Thus frora 1432*1 deduct ^fll (to allow for usual lossoa) and 92m*

Tha result la H65e- H£h. It ia oonslatant with iay figure of U02nu KMu

Once the traction difference ia explained it i* clear that tha 

censua figures for pcwor and lighting may siraply be leas than, ty figarea
r *

because they are incomplete* Thtis they tand to support, but do not check 

my estimates. One zaoro figure ia avoilablo. Mining ond oanufacturing 

bought 283»>. K'.h in 1907* Kailway oompaniea also bought at least 1201 

* 5*3 (H«8. Railway) in 33-h a 17.4m* 7&h fDr;ncn.trnoticn purpooea* 8<na 

of thia 3CO*7ra« or ffiore u^its w^a for lighting but most was for power* 

Alao in fto far ao they bought eleotrioity from looal authoritiaa tha 

figure is not comparable with powor aalea by utilities, *a the looal

authority year endod on 31year endod on 31 itoch 19C^.
v

Lighting oalea are a total oalea less oolea for power and traction*

Tho uoa .of gleotricltv in 1907 ond 1912 » Toble 

Bocauso cuch oloctriclt^y woa ggnor&ted by the mining and 

manufacturing sector, the &aount of electricity used can only ba eatiaated 

for 1907 a»d 1912, Unfortunately the Censua figurea are inoooplete* 

neverthelaaa rou^h eatioatea of tha qpantlty of electricity uaed an poaaibla*
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In 1907 returns were made of electricity generated ty mining and 

manufacturing companies* But they relate to generation by only 68/5 of the 

capacity of dynamos used. I have assumed that the dynamos for which returns 

were not made generated es mien electricity per KW capacity as those for 

which returns were made* Several objections could be made against this 

correction, but no basis is available for a better method, and it seems 

better than simply ignoring 32/i of the dynamo capacity in existence* 

On this basis industry generated 1035m* KWh. Assuming losses of o/i (central 

stations themselves used about 6/0 of the electricity they generated! 

isolated installations would use a smaller proportion, but there would be 

some distribution losses). 973m. KWh. were used* Moat of this was for
\

power*

In 1912 no figures of generation are available* In the absence
/

of information for a more sophisticated calculation I have multiplied 

973m* KWh by dynamos installed in 1913/dynamos installed in 1907

* 973 * ,1342 « I860* In 190? non electric railway companies seem to have
591 

used 35m. KSVh for station lighting, railway workshops etc* which they

generated themselves* In 1912 no data is given on this* Let us simply 

double the 1907 figure aod assume they used 7Cta* KRh which they generated 

themselves*

The traction figures come from Table 52* Public supply figures 

from Table 24*

These figures relate to the calendar year in the case of all
t

companies, and to the nearest financial year in the case of local authorities*
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Gross Investment on Electric Traraays - Table 3S.t.

Figures of capital expenditure on tramways are given annually 

in the Board of Trade returns relating to tramways. As depreciation 

provision was'normally in the form of sinking funds, increments of capital 

expenditure are very good estimates of gross investment* Unfortunately 

manji new electric tramways obtained their powers under the Light Railways 

Act and not the Tramway Act. The undertakings operating under the former 

Act were not included in the Tranway Returns until 1903*

Thus capital expenditure before the end of 1903 was estimated on 

the basis of the miles of electric transray open* This is given for most 

but unfortunately not all years in tho Eleotrioal Trades Directory. There 

are no figure* for 1896, 1898, 1901 and 1902. Before 1893 the figures 

are generally poor* Between the end of 1397 and the end of 1903, 187V 

miles of electric tramway were built while capital expenditure rose by 

£31 • 32 million* Thus each route rcilft oost approximately £23* OCX). This 

is consistent with a cost of £28,437 per route mile for track built between 

1903 and 1909* From the £23,000 per mile and the mileage the following 

gross investment series emerges*

Up to end of 1893 .53 #38 A 9 4.23
1894 .11 1900 7.0
1893 .40 1901, 02, 03 20.35
1896 A 7 .98

*

Up to 1900 the gross investment of each calendar year was then allocated 

by graphical interpolation of the missing capital expenditure figures. 

For 1901, 02 A 03 each year has been allocated one third of the capital 

expenditure in the three year period. There is no information which one



would use to Improve this*

After 1903 the figures ccwie straight ffoin the figure* of capital 

expenditure. For the municipalities the accounts run generally fron 

March to March, for the companies from December to December* No allowance 

hus been made for this* Local authority investment has been put in the 

nearest calendar year.

The use of electricity for traction » Table 52» 

2* Electric Tramways.

The total amount of electricity used by tramways is given by the 

jBoord of Trodu Returns relating to ffiracwoys and LirJit Railways* The amount 

purchased from public supply station wqa taken from my estimates* The 

amount generated in tramway power houses was taken to be the remainder* 

A check made in 190? shows that this cannot be quite correct; for an 

independent estimate (made from figures In Carte .'s Manual,and the 190? 

Census ..of ̂ Production..) of the electricity used which was generated by the 

tramways themselves, when added to my estimate of the amount bought froa 

public supply stations leaves 18*4m« KRh unaccounted for* 

£• Eloctric Railwayst.

The Board of Trade Returns relating to Electric Railways gives 

the amount of electricity they used from 1905 onwards. Only two oleotrio 

railways bought electricity from public supply stations, the N,E. Railway 

and the London, Brighton & South Coast Railway* Sales to the N.E.R. are 

givon in the N.2.S. Co* historical statistics* Salea to the L.B. A 3.CJ5U 

have been estimated graphically from the data relating to the London Sleotrio
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Supply Corporation in Gnrke^ Manual*

Not all the electricity used by tramways and electric railways
»

was for traction, but most of it was. In 19C7 electric railways used 

213.7m. Kflh (Board of Trade Returns), and 1J4.7 (91i of t:iis) (Census of

Production) was used for traction. I have included under traction all
/

electricity used by electric tramways and electric railways*

London Transport passengers •• Table 51»

Statistics are only available for the two principal companies, 

the London General Omnibus Co. and the London Road Car Co* The first 

Report of the London Traffic Branch of the Board of Trade (B.P.P. 1908 Vol. 93) 

thought that biu passengers in 190? totalled about 500 million, as against 364 « 

million by the two major companies*

Other local^railwaya.

North London, East London, Hammersmith and City & Whitechapel 

A Bow Railways.

Surburban traff JQ_on main lino railways,

In October 190? a census was taken of passengers booking ticket* 

to London at all stations within a 30 miles radius of Charing Cross. I 

have multiplied this figure by 24 to get an estimate of suburban journeys 

to and from the centre of London. In October 1911 a similar census was 

taken, and the same procedure used to get a 1911 estimate of suburban journeys* 

For 1903 an estimate was made as follows; Five companies, the Great Saltern*
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the Great Northern, ths London & S. Western, the S.E. & Chatham and the 

London, Brighton <& S, Coast, lost 34 million passengers p.a. between 1903 

and 1907, a fall of 9«7/o. As receipts fell by only 1.7/ tf the reduction was 

in suburban passengers. Long distance traffic was said to have riten 

, slightly* All the fall of 34 million was assumed to bd a fall in suburban 

passengers and a similar fall was assumed in the suburban traffic of the 

Great Western, the Great Central and the Midland -i.e. 2 millions. 1903 

suburban traffic was then simply estimated at I/A + 36 » 160 ail lions.
*

All these figures exclude season ticket holders* For 190? only, 

figures are available for Journeys to London which include them* If Z had 

included them the estimate of suburban passengers for that year would have 

been 171 millions « 19/i more than 144 millions.

A check in the estimates of suburban passengers from information/
collected by the Royal Commission on London Transport* They tabulate the 

hours of arrival and departure of passengers at main line station on an 

average weekday in 1903 (B.P.P. 1906 Vol. 66 PP 658 - 9) If we assume 

long distance traffic follows a regular curve and that all midday traffic 

is long distance, we can calculate the traffic in the morning and evening 

peaks* This should provide a minimum estimate of suburban passengers* 

The resulting figure is 150 million p. a.

A check on the number of season ticket holders is provided by 

the Royal Coiraussion's table (B,P,P. 1905 Vol. 30 PP 603 ff) showing 

arriving at and leaving iLain lino stations in 1903* 2C6 million ware on 

ordinary tickets, 104 million on season tickets. Comparing this result 

with 19C7 a big fall off in season ticket holders is shown, indicating that
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it was particularly the ooraiuters who switched to the trains* Thus the 

fall in suburban traffic between 1903 and 1907 may have been considerably 

nore than 36 millions.

Motor ;power in mining and nanuf rcturing •» Table 54* 

Vihat is required is the proportion of power applied to tools etc* 

by electric motors. There is a considerable amount of data relating to 

power in the 190?, 1912 and 1924 Censuses of Production. Unfortunately 

they give different types of information. The 1907 Census gives incomplete 

information of the amount of electricity used| the incomplete 1912 census 

(it only collected data from establishments employing more than 5 persons) 

gives information about the horse power of electric motors. Both give the 

total amount of factory power used, and the total power of dynamos in 

factories*

First a ratio was derived of dynamos: motors driven by 

electricity generated on the premises. In 1912 and also for 1924 data is 

available to calculate this* But electricity was also used for lighting 

and the proportion used for lighting was certainly higher in 1907 than 1912* 

Electricity was also used for electroysis and thus the non-ferrous metals 

group was eliminated. Por all other groups the ratio was 1*22$ in 1912 and 

0*684 in 1924. This is consistant with a smaller proportion of electricity 

generated being used for lighting. A ratio for 1907 w&a found by taking

the p*a. difference between the ratio in 190? and 1912 and extrapolating it
i

backwards (giving a result of 1*367)« This was used to estimate the motors 

on own generated electricity in 1907 (565*000 h.'p.) The Electrical Trades
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.Directory gave an estimate of motor power (excluding traction connected 

to public supply mains for 1907 and 1912. That for 1912 is 99«4# of the
*

Census total* But the 1912 Census was Jjcbmplete* Thus the motor 

connections figure for 190? was taken as a good estimate, as it was hoped 

that gaps in the g.T.D. f inures would be compensated for Igr making no 

deduction for non-ferrous metal.

For 1912 and 1924 the Census figures giving the h*p* of motors on 

own generated and purchased electricity were used* Total electric power 

was taken to the sum of these two figures*

Estimates of mechanical power are crude* From the total, that 

used to drive dynamos (assuming 90/4 dynamo efficiency as do the compilers 

of the census) was deducted* It was assumed that mechanical transmission 

losses equalled diversity, (because tools etc. were not used all the time 

tho engine power required could be less than the aggregate power of all tools)*

The method is inevitably crude* One check is provided by the 

1935 Census which gives figures of the power equipment of industry in 1921*. 

For motor power in mining and manufacturing excluding non-ferrous metals 

1 they are

Power applied Power applied Total power
electrically ?* of mechanically

OOP h.p* total OOP h.p. OOP h.p*

6110 49.5 6216 N 12327

% of my
estimate
for 1924 85 87.5 86*3

Thus the figures in Table 54 nay bo generally overestimated, but the 

percentage of electrification figure differs by a negligible amount*



I have used the figures given in the 1924. Census throughout* The 

1907 Census gives slightly different figures for 190? • For individual 

census groups (given in Table 93 ) the difficulties of manipulating the 

19C? Census figures io greater, as the ratio of dynamos: motors run from 

own generated electricity varies from group to group, and we do not know
•

how the motor connections given in the E.T»P» should bo allocated among 

groups*

The figure for motors run from own generated electricity was 

obtained for each group by extrapolating badwards the p*a. difference 

between the 1912 and 1924 ratios of dynamos: motors run from own 

generated electricity*

The figure for motors run on electricity purchased from outside 

was derived by taking the statistic £Vh p*a* purchased/Total power of 

motors driven by purchased electricity. This was then multiplied by 

an index number of statistic KWh p*a» generat empower of motors driven by 

own generated electricity for each group* (The average Xfth p*a * generated/ 

power motors driven by own generated electricity a 100*) The amount of 

electricity purchased by each industrial group waa then divided by the 

appropriate resultant figure* This is not a very good method, but perhaps 

suffices*

Gross output of electrical machinery^* Table 72 

An attempt has been made to prepare a time series of the gross 

output of electrical machinery* Electrical machinery is hers defined as 

generators, motors, connectors, transformers, switchgear, and arc lamps*

1* Aro lamps are included for convenience. They were nearly all bought 
ty municipalities operating central stations and factories using 
electric



trial Group

tines and Quarries

>xtilo-5

iron and Steel
••*':-"

leneral and Electrical 
.;»; Engineering 

jfcles, Motors & Railv/ay
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Shipbuilding 
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;od, Drink rnd Tooacco

ianical and Allied

!?er, printing and Allied
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199

21

83 
23

54

36

46
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9
•

'/o Of
total
power

5

4

12
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38
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15

14

34
18

23

17
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c^. 
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motors in 

COO h.p.

2,290

1,873

1,414

192

35

68
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215

193
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000 h.p.
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391
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\ 1,379
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i 
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159
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15 
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103 29 254i 
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121 40 185

24 32 50
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power 
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000 h.p.

• •
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2,147

1,770

503

58

133
146

357

73
286
306-

74

Electric 
power 
motors in 

000 h.p.

1,614

688

1,320

1,027

249

362 
149

403

103

344

305

153

1924 
% of 
total 

power

41

26

46

90

92

95 
53

61

59

66

67

77

i
i'Techani

cal
power 
motors in 

000 h.p.

2,295

1,920

1,525

110

22

17 
133

263

72

175

153
•

45

Total
power 
motors ir 

000 h.r

3,909

2,6CQ

2,845

1,137

270

380 
282

666

175

519

458

199
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Ifoch electrical inachinnry was sold to electrical utilities (central station* 

electric trains, electric railways.) Although for moot of these utilities 

fairly good gross investment figures con bo obtrdnwl, there is much less 

information about tho amount spent on various pieces of equipment. 

Nevertheless for the three major groups of utilities (electricity supply* 

electric tramways and tho London underground railways) this was done.

Central stations often gava figures of capital expenditure
1 

on various ite&a* Random samples wore token for each year. The

percentage in tho various categories is remarkably constant over the
2 

period 1896 * 1913. Host electrical machinery comes under the heading

•plant & machinery", but would comprise only part of this category*

The Board of Trafle Returns rclatinr to yrroar/eys & lipJitLrailways * 

give from 1903 onwards expenditure on the electrical equipment of the line 

and on tramoars* Tenders for trancers show that 42$ of the cost of a 

tramcar w%3 its motor equipment. The percentage of capital expenditure 

on electrical equipment varies in tho yoars 1903 • 19UW tot shows a 

declining trend* This trend was crudely extrapolated backwards into the 

1390s* iiich of the expenditure on electrics! equipment was on cable and 

overhead wires* It was assumed that one third of the expenditure on 

electrical equipment was on electrical machinery. This is a crude assumption*

For the London underground the situation is worse* Only for the 

Waterloo & City Line aro there published figures of the purchase ef electrical

1* Land and Buildings, Plant and Machinery, Instruments, Mains* asters* 
miscellaneous, including legal charges.

See Table 2?.
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equipment. This was 11*5 of total capital expenditure by the time the line 

was opened* It was assumed that this percentage applied to other lines* 

A much smaller proportion of expenditure on electrical equiimcnt was in 

oablea compared with the trams* It wo3 crudely assumed that J/k of 

expenditure on electrical equipment was on machinery*

The three sets of figures thus obtained were summed and an allowance 

of an extra 2C/d made for purchases by utilities out of revenue. The only 

major utility not included was aain line railways* However they only 

became i&portant purchasers of electrical machinery Just before 1914* It is 

unlikely that the JJ.E.R. and the L» & T. Railway spent more than £0*25m* 

each on electrical machinery for their 1903 • V electrification schemes.

The series was compared with the gross output figure for electrical 

machinery plus arc lamps in the 19C7 Census, 9? Production after the export 

balance (exports minus imports) had been deducted* The remainder, which 

was rather surprisingly high was largely sales to factories for factory 

electrification, both motors for factories buying electricity from public 

supply stations and dynamos and motors for factories generating their own 

electric power. 1$C7 seems to have been a rather isolated year of high

investment in factory electrification* This is shown in the Electrician's
1 

series of connections to electricity euoply mains, and in my figures of th»

increments of sales of electricity for power from public supply stations.

This figure of sales to non-utility h6mo buyers for 190? was used 

together with an index for the use of electricity for power, and 4 price 

index, to derive figrues of sales of plant to non utilities for other year*.

1, Used by C.H^eiastein for hia fi#iros of purchases of electrical 
equipment. C.HAinstcin Home and Poreirn Investment unpublished 
Cambridge Ph.D. thesis, PP 97*99 and Economic Journal. Vol. 71 P 572*



507

The uoo of electricity for po..er index VMS simply the increments in the 

sales of electricity for peseta r by public supply stations. (See this 

appendix P 492 ). The prico index used was calculated from figures of 

the cost of KIT of new central stations. (Seo Table 28 f appendix to 

Chapter 3») As the p rcentagos of capital expenditure for various parts 

of the cupply system did not change over the period it *as assumed that 

it could be used for electrical machinery.

The whole serie3 of sales of electrical machinery at homo is

very tirade. However it does oho* long run trends reasonably. It does
1 

not seem to be very good in the years 1J10 • 1914. The Parsons Cornmittea

gave a figure for the gross output of all the oloctrioal trades Just before
\

1914. This was double the 190? figure. However *e know that there was 

a great increase in the volume of output from 1911 - 1914* % figures 

exclude cain Line railway electrification, which was important in those 

years* Ity estimates of the sale of electricity for power are probably
s

deficient after 1911. Ity price index probably overestimates the fall in 

prices after 1909 - 10 as central station costs fell then partly because of 

, economies of^sfscale, which did not exist in factory electrification plant* 

But before 1910 the scries does not seem too bad.

Shares rf tho CG.vtol St»ti:jn ?&rket. - Table 80. 

_The aiectrical Trails PircctorY fiavo dotaila of the generating 

plant of most central stations. By comparing details of adjacent years 

it is usually possible to soc who the icakora of now dynamos installed wort*

1. Report on the Electrical Trcdes after the Wart Cd. J072.
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As f i^uros of capacity ^ore j^ivon arkl capacity or ocoliinoa bou^it from 
individual ocnuf acturcra w«ro usually 4^Lvcn ail jaocaireronta are in IDf* 
Uauaily thd aieo mid aaksr of nwv ^cnoratoro is eaay to dotoraine. 

howover savsral new ^jnon iara ^or« inatrOlod arsJ only tha
cf^pedicy cui bo calculator :. Ydion the njai>or of raaohinoa

/ 
to «t>.oii uaker is avaiiaolo tho aggrc^xte added capacity has been

allocated to c«i<& flicker proportion&toly to th* nunbor of oaohineft h« provided*
•

Scmotimco it ia l^joaiblo to Un^v tho jccJjor of new plant* Thortj aro alao 
ex>ao inUizn&l incon&ietencics in the fi&irca* airing lar^ily it aoeoi to§

different uioaujurea of capacity of tha &aad a

cannot bo allocated to individual\
of all

Op to and of 18^ 52 Up to end of 1JC4 0
53 13 05 0
«h 31 06 Jft,
25 8 C7 35
1)6 2$ 03 0
$7 £6 C? 5

27 2910 8
26 U 3fl
21 22 26
37 M 26 
0

03

Tablo 80 ia thu^ linblo to consiJoracle errors* But having .gone through 
tha changes in plont froa ye^ to year for o&ch central ttation, one ia 
loft with the atrong ii^xrea^ion thtt in iV.ct tha orrora aro quite Gmall if
we tttto osveral yetar& to^othcr. %'d cannot pXaoa very wuch rolianoo on

/ tha fi^jroo of ioarkot uiuiro^ for wv ^ivcn jeart tovovcr one would not
t »

want to do thia even if thore were no u^^ ia Uia
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Some plant was scrapped. No perfect allowance can be made for 
this* although the errors introduced ty imperfections here irust be very 
small*

Total capacity addsd by all new generators derived in this way id 
given uelow, it can be cheeked v/iiii wy estimates (Table 16 ) of capacity 
added ~ which coae *rom a cLUYeronfc source* Although the correspondence 
between the two id not vojy good froa year to year over a few years tht 
two give slMlar results.

3893
94
95
&
97
93
99

1900
01
02
03

1W
9.492

15,342
12,473
22,635
12,972
32,410
59,104
88,jK)5
128,022
7V, 753
109,583

Cross Investment in Fixed Capitol

1904
05
06
07
C8
09

1910
11
12
05

m
118,031
57,706
76,237
71,265
76,680
60,401
61,571
65,600
95,929

139.008

in the Sloctrlcal Industry.
- Table 91. Column 3.

According to the Census of Production of that year factories 
had 609,654 £ft~ of dynamoa installed* Thia has been multiplied by 
the sales of electricity for pov/er from public utilities (in index form 
1907 IB 100) to fiivo sonfl idea oi1 capacity in other years. The increment
in capacity has been found uftd oiltiplicd by the cost per KSf of power

/stations (Table 26 x 0.546 - the average proportion of capital expenditure 
spent on tho power station.) It is thus assumed that the smaller snount
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of constructional work involved to the generating plant in a factory is
offaet toy the higher cost per JO? of the smaller plant installed in faotofitat
The resultant aeries is very crude*

Siia of _Cenerat.Qnii_Tftblfl
As for Table 80 except that only figorea where Ms aise 

of the generator is precisely known are included.
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TECHNICAL APPENDIX 

1* Generation of electricity.

A dynamo produces electrical energy by passing a conductor
»

through a magnetic field. As the conductor passes through the field 

a voltage is induced in it which rises to a peak and falls away again. 

Below is shown an alternating current dynamo (known as an alternator).

1

As the conductor rotates in the magnetic field alternately positive and 

negative voltages are produced. The voltare is collected from the 

rotating conductor by slip rings. The voltage fluctuates in a wave 

way (a sine curve)* This is shown in the next diagram.

1. See J.A. Fleming* 50 years of Electricity. HP 113 - 5, the theory of the 
dynamo*
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The useful voltoga developed by an alternator is the root mean
t

aquare of the instantaneous voltage over a complete cycle. The frequency
•

of a.o. ia measured in x complete cycles por second (written aa & )•

A d,o. generator consists of a whole series of conductors. 

Together they are known aa the armature, 2ach conductor (armature coil) 

la connected to two aegmenta of a conzuutator. The comoutntor conaiata of

wedge shaped copper bars, insulated froa each other, aet longitudinally
1 2

along a drum. Against oppoaite aides of the comuiutfttor are two bruahta

which collect successive waves of voltage from each coil aa it passes 

through the magnetic field* These sraves of voltage approximate to * 

constant positive flow, aa ia shovm in the following diagram*

Because the brushes are constantly making and breaking contact with the 

bars of the ccuuoitator, a certain auiouni of oparking will occur* This 

sparking makes the generation of high voltage difficult* D.c. generators 

po^ovide current for their own (electro) magnetic fields (self excitation)*

Alternators, however, cannot do this, and an exoiter (a d«o. generator)
£

is needed to generate current for the field coils*

!• ibid. EP 109 - 10.

2. at least - aft even nmbcr is necessary.

J«A. Fleming, op.cit« P 121 - 6, the theory of alternators.



Arc lighting dynamos woro designed to pnoduce a constant current 

(measured in amps). Other dynamos were designed to produce a constant

pressure (measured in volts*)
2 

The f irat alternators were single phase* A polyphase alternator

produces two or more currents which reach peaks at different times (i*e. 
are out of phase). A two phase alternator is wound with two sets of coils,

•

the second set usually beiii£ 90° behind the first. Thus two sine wares 
of voltage are produced, one lagging slightly behind the other*

A three phase alternator has three sets of armature coils set at 120* 

difference from each other. This produces three sine waves of voltage*

1« Powror, i.e. rate of doins work, conventionally measured in K.V* • Volts
' x amps*

2. This is not fitriotly true. Gram&e made somo polyphase alternators 
in the very early days. (P.8.) But they wen used as single jhaae 
machines*
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2* Transmission and ̂ Distribution*

A given power (K.W,) can be transmitted either at a hi&h voltage 
and small current or at a low voltage and high current* Conductors wert 
usually copper (aluminium was used at the end of the period for flame 
purposes), and the cross sectioned aroa of copper required to convey *
given power is inversely proportionate to the square of the voltage*/
High voltage mains are more expensive to insulate, but it ia clear that
there are great potential economies in transmitting at high voltages*

Electrical appliances may be 'connected up to distribution mains
either in series or parallel* Arc lamps worked better when connected in

$ series* The matter is best illustrated in the following diagram*

Swvflw
-o- •o-

:©•

o

•o

o

o
1. Thia and tbo next diagram cotoa from H.C. Paaoar. opffcit1 P 81*
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The voltage on such a circuit Id additive* If each lamp takes 45 ?• 

and there are 9 lamps the generator must provide a voltage of 9 x - 45 • 

Bach extra lamp raises the voltage required. All lamps are switched on

And off together*

A parallel circuit Is Illustrated below*

\
i n

The voltage la constant throughout* Each appliance lo separately

controlled. The current tho generator must provide depends on the
1

total resistance (power of appliances) In the circuit*>
These circuits apply both to d.c, and single phase a.c*

2 phase a.c. required 4 wires, two for each phase. 3 phase a,o* require* 

three wires, one for oach phase. No return wlro Is requlred^as positive 

and negative electro motive forces cancel out when all phases are taken 

together.

ffhe use of electricity*

Moat electrical devices work at a constant voltage* Arc lamp* 

however require a constant current* The resistance presented ty an are 

lamp to an electrical current Is Inversely proportionate to the ourrtutt 

This can lead to unstable operation. If for example, the arc light

1, Ohm9 * I**.
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resistance should happen to decrease slightly (because an imperfect
<

carbon feed mechanism reduced tho length of the arc), the current would

increase, the resistance would decrease and so forth* Hence the need
1 

for a special dynamo v/hich kept the current steady. Incandescent lamp*

on the other hand required a carefully regulated voltage* Small 

fluctuations, i*e* more than about 4^ • could cause the filament to break 

or only glow red*

Motors are the inverss of generators* converting electrical 

into mechanical energy* A d.c. motor receives a steady flow of 

current which gives it a high torque (twisting movement), The weak 

point is the commutator* Sparking can occur which makes high voltagt 

operation very difficult* There are three types of a*o* motor* tho 

cookiutator type, the synchronous type and the induction type* The 

commutator type is a modified d*o. motor* but has poorer torque, and 

lower horse power for a given weight than a d*o. motor. Both the field 

coils and the armature of synchronous motors require current, and thus 

they need slip rings* Although they thus avoid a commutator the 

synchronous motor (whon used on a single phase circuit) had poor torque* 

They were not easy to start and if they got out of phase with the generator 

they stopped* Polyphase current produces two or three magnetic field* 

rapidly following each other* This provides steadier power* In the
, »

induction mot or--the armature is simply wound with coils but no current 

is fed to them* Induction motors were particularly suitable for polyphase 

power* The conjoint effect of the successive magnetic fields produced 

a rotating magnetic field, which acted on the rotor (the armature) to

produce a turning motion*

1. E.G. Passer, ot>.oit. P 13._
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^ynchronoxia or tvpe motors were used.
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The evidence for this thesia haa como vory largely from writings 

which were priniarily conccsrnod with general matters of engineering* To 

a considerable extent evidenco about the economics of the industry has to 

be collected fron odd cements.

The principal contemporary source ts periodicals* There were a 

large number of technical journals which concerned themselves with ''
t

, electrical engineering* After looking at them I camo to the conclusion 

that tha best sources wore the Electrical Review and the Electrician* 

Although their primary inter dot wau applied electrical science9 they also 

took an interest in consaarcial matters. Thoir comments are !**ia*lly both

fair and shrewd* This contrasts with some other journals*
i

The JBloctrical Review end the Electrician have been particularly 

useful because they contain the papers on matters connected with electricity 

given to all the principal engineering societies and the discussions on

these japers. Hence rof eronce to these papers are to the Electrical Review
\ 

and the Electrician rather than to the Proceedinga of tho relevant societies*

Because relevant material is difficult to find I have ready every 

issue of the Electrical Review from 2877 (when it was the Telegraphic Journal) 

to 1934* I have also extensively used the Electricirji. especially for 

company reports and reports or company meetings* Important evidence has 

come from records or companies, and the published and unpublished works 

listed bolow. However, ono of the most useful sources, the general run of

oomeata in the technical press cannot be conveniently listed* •:
.,1

!• The only exception is the Transactions of the North Sast Coast 
Institution of Engineers & Shipbuilders*
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Bcttf W»h% nnd Gillhanu Great Brit j ah Triurway.. Hetworka, 3rd Edition 
London 1957*

Cansdalet J*H« Flee trio TVsct ion Jubilee. B.T-H, Co« 1946«

Clothier, H»W, j.vdtcV'.^q.ar. Stamps . EcwcaatleHLpon-Tyne* 1933*
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