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at a tire when the adventages of electric motors were becoming fairly
widoly appreciateds Croumplon before a Select Comaitiec of the Comonsl
quoted as an exemple tho fall in the price of 10 hep. motors from £60 =
£65 in 1901 to £30 in 1905.
Demand seems to have been elastic in thes: circumstences and
the substentidl adoption of electric power dates froa the years 1902e.
Same confiruation of this pattern of development is provided
by figures of the salc of electriciiy for power by public sup)ly stations.
Unfortunately no figures ot all exist for isolated installations. The
latter were much more important and there are several roasons for supposing
that the timing of adoption of electric power when isolated generating
plant was used was dif{erent from that when supnly was taken from the
public mains, Also the figures for supply o. power from the publio
madns 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 hed become substantial. As the figures
fox: the first few years are missing, indexes of output based on those
undertakings with good figures difier from those based on estimates of
tho power seles of all undertekings. For cxample an cutput index
(1907 = 100) based on those undertakings with figures going back at loast
to 1905 will omit {irwms which started selling elecotricity for power perhaps
as early as 19C4 but giving no figures until 19C6 or C7. Such an under-

l. Select Comnititce of' the ilousc of Cowions on the Adwinistrative County
of London and District Electric Power Bdll, 1905, Q 6335.



taking may individually have beon ol litile importance, but there were

& large nuuber of them.

On the othor hand, if we included all power

frrvves before 1907 this will omit the early years of power sales for

some, perhaps many undeirtakings.

Unfortunately we can only use crude

teohniques of extrapolation to ostimate tho missing f£igures (where we

may think figures are wiusirg).
sets of figures,
estimates which individually have a possibly wide margin of errors
the correspondence of estliated sales for 19(7 is quite close to the most

probavle figure of actual salas does however suggest that the aggregate is

not far off the mark.

1900
0l

03

05

Table gives output indexes on different

Table. 53.

Sales of electricity for power from public supply stations

1907 = 100

UndertukingsAwith
good figures going
back to at least 1902,

0.4

16.6

2542

3742

49.8

62,9

78.3

100 .0

B
Undertakings with
good figures going
back to at loast 1305,

le8
161
11.6
17.2
3349
50.6
The2
100.0

C is provably the best, but half the aggregate is

All undertakings
(includeos numorous
estimatos)

8¢9

238
371

That
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Thus at least half of the motors driven by purchased electricity
in 1907 were installed after 19C5, and all but 10 efter 1902. It is
likely that a highor proportion of motors drivon by electricity genorated
by the user was installed before these dates, but it is impossidble to say
how much higher,

Any attempt to measure the extent of electrification runs up
againat a conceptual difficulty. The most obvious method is to measure
the brake horscpower (b.h.p.) applied by electric motors to machinery
and that applied by steam engines. shafting etos The problem arises
from the fact that in the early dsys particularly, group, rather than
individual electric drive was used. Electric motors were usually used
to drive a section of shafting which drove soveral machines. As electrio
motors became cheaper they were used more and more to give individual
drives But up to 1914 fractional horse power eleciric motors were
gonerally much 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. 1y moasure tckes the apgregate horse power of eleotric
motors used and compares this with the total amount of power of all types.
Total power is derived fron the total engine power less an emount used
to drive dynamos, plus an cotimate of eleciric motors driven by those
dynamos, plus an estimate of motors driven by electricity purchased from
outside. Power applicd electrically includes group drive and individual
drive indiscriminately. Thus the tendency towards individual drive which

indicates a greater degree of elecirification, is not revealed.

/
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In 1900 the proportion of motive power ap-lied electrically must
have been almost negligible. By 1907 someihing like one ninth of the
motor power applied in mining and manufacturing was driven electrically.
Five years later it had probably risen to about a quarter. BElectrification
of factories continued, and by 1924 sbout half the motive power used was
electrically applied. Such fipures cannot be procise, especially for
1907, when they hava to be constructed from pertial figures of electricity
generated by factories, end from probably incomplete figures of motor
connections to public sup)ly stations, and for 1912, when the Census was
only partiale Also for all three years figures are only available of
engine power installed in factorics and this will differ {rom wotor power
applied to machines, beceause 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 mske. 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 1907 and 192k.
This does not mecan that the growth segment was {illed by the introduction
of electric motors. DBetween 1907 end 1924 most of the non=slectrio
power transmission would have had to be replaccd if eloctricity had not

oxisted. W. loff.ann presents evidence suggesting that this type of
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1
plant hod a life of about 20 years. Unfortunately we do not know

when the 1907 power equipment of industry was installed. It s
however possible to arrive at some idea of how much might have been
scrapped between 1907 and 1912 end 192h.  Let us essume that all the
equipment in 1907 had been installed aince 1887, end furthermore that
the timing of its installation follows the pattern of Cairncroas's
*value of 'machinery' retaincd for home use"zseries. This can be
applied to non electric power to inquire how much of the 1907 plant
still existed in 1912 and 1924 with an assumed 20 year 1life. For
electric motors it is adequate to assums that half of the 1907 motors
were installed before 19C5. Many objections can casily be made against
such calculations; but for whgt they are worth they suggest that Juat
over half3 the newh. 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 the 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 ncw plant installed.

1l W. Hoffman, British Industry 1700-1950, Translated by Henderson &
Choloner, Oxterd 1955, PP 162«9, ‘

2. AJX. Cairncross, iHome and FPoreirm Investment 1870-1913,
Cambridgo 1953, 4waole 3¢, [ lof.

3. For 1907=12 it 4is 56,3 for 1907«2, it is Sk/b.
4+ New power plant in this sense includes replacemsnts.
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The above caloulation does suggest that eleotrio power
transmisolon methods by ebout 1907 had gained something like a §0%
share of the power equipment business, and that this d4d not change
much between 1907 and 1924, Thus it seems to have becn the case that
thers wos a sharp change in the relative attractivensss of electrical
and mechanical power trensmission systems between roughly 1902 and 1907.
The degree of electrification differs with industrial g*onpa.1
and was low for some of the most important ones. In 1907 soms 306 of
motor power was in mines and quarrdes, whore the percentage of motors
powered elecirically was only 5.2 Another 25% was in textiles, where
only 4% of the motors were electrically powered. Iron and steel, the
third largest power user among the major Census groups (20,5 of the
total), had 12 of its motors powered electrically - that is roughly
the national average. At the other end of the scale, marine engineering
and chipbuilding had 55,5 and general end electrical engineering had 514
of their motive power applicd electrically. But they accounted for

only 2 and 5,0 respectively of the power used.

1. On tho Census of Production classification.

2. The general basis of calculation is as for the aggregate in
Table 54 oxcept that the figures for motors driven by
electricity purchased from outside have had to be allocated
to industrial groups in a way which can slightly inorease
margins of error.

Seae Appendix, where the full figures for all groups also appear.
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1

This pattern persista. In 1912 340 of total power in industry

was in mines and quarries; only 19, of that was electric. Textiles
took .another 27/ of industrial power with only 97 of its motors
powered electrically. Ixon and steel accounted for another 22/ of
total power, but had only 225 of its motors driven by electricity,
Again marine engineering and shipbuilding, and general and electrical
engineering had 89, and 727 of motors driven by electrioity with

only 2 and 6/ respectively of totel powers In 192}, 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 27/ and 18/ respectively of total power and had
only 415 and 26 of their motors driven by electricity. Yet by

then three groups hed more than 90/ of theixr motors eleotrically
powered, marine engineering and shipbuilding, genecral and eleotrical
engineering, and cycles, motors and railway wagons. Dut only

12.5,i of the power equirment of industry was in these groups.

It 1s appropriate at this sta.c to inquire into the
circumstances in which it was economically desirable to install
electrical rather than mechanical power tranmiasi.on. As the task
performed, providing turning power, wes similar in both cases one can
concentrate on asking what resources, if any, were saved by adopting

eleotric ity.

1. Por 1912 this refers to establishments employing more than 5 persons,
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Turning power has a vast variety of applications, for
example driving looms, lathes, coal cutters, stesl rolling mills,
cranes and rivetting machines. In all these the relative advantages
of electricity will differ. The information nsecded 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
some general points, -

Indeed, to do the work in details would require an inquiry
into production methods which is impossible now, and would have been a
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. DBritish manufecturers
were secretive about the results of electric driving as they were
sbout most matiers where openness might reveal the cost of productiom.
One example will suffice. In the early days of cotton mill
electrification it was said that owners of eleotrified mills were very
loth to make known the results fearing that their campetitors would

gadn.  The Electrical Review made the following comment in 1899

"ee.o There is no lack of information on the results of applying
(electric) motors to maching driving, but unfortunately much of
it is in a fugitive form and the ordinary engincer who cets out
to give details of the advantages and disadvantages of electric
motors, must have a special gift of rescarch; and morcover, in
dealins with the supcr abundance of materials that will
eventunlly be discovered he must exercise much persplcacity
ord discrimination in order to arrive at correct resulis eee
In spite of tho accumlated experience that exists on the
subject of machine driving it is n?table how few are the
conclusions one may drwv from it".

1, _P_:_-_B_.. Vol. 45, PP 41 -~ 2. ubJulle”o



As the leador went on to point out, published information was deficient.
That given in papers to enginecring societies was too vague; that
given by manufacturers of electrical plant was often conflicting.

| The first element of cost to be considered, and perhaps
significently the main one {0 be considered by BEritish power users,
wes the cost of the power itself.

Among the various power uses there were socms whore the
relative sdvantage (which might be negative) of electrical compared
with mechanical methods of power irensmiszion was greater, Firstly,
there was the situation whore power had to be appliod in several
scattered points in a works, in fairly small quantities, that is
small in relation to the minimun efficlent size of steam cngines,

If steam methods alone were used three alicrnatives were possible,

One engine could be used with long lengths of shafting; but losses here
could be very high, espccially where the density of motors along the
shofting was low, One boiler could be used connected to a rumbor of
engines by long steam pipes; but heat losses in the pipes could be
high and amall engines were thermally juefficiont end hed a high
initial cost per hepe The third method was to use a large mmber

of engines and boilers; again they were themally inefficient,

capital costs per horse power were high and the cost of labour in
fuelling boilers large. In these cases electricity offered edvantages
fram a3 esrly as the nineties, Generation could be centralised,

tranamission losses were lower than with long lengths of shafting or

268
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long steam pipes.  Small electric motors wers cheaper in the first cost
and mddntenance than small steam engines.
Zven in the nincties electricity was not the only alternative
, Yo stean methods. There was the gos engine introduced in the 1870s.
A3 early as tho early eighties both Sir Frederick Brammell end Fleom.ing
Jenkin thought that it would fairly soon replace the steam engj.ne.
But in the 19th century gas engines wers very smalle Not until 1898
was one of 22C L.p. buil".:.2 Thus in the nineties it only competed
with small isolated stcam engines. But first cost was high and lower
running costs were probably largely absorbed in higher maintenance costs.
The big gas engines of the ycars 1900 - 1 were not alternatives to electrio
driving tut alternatives to steau engines to drive dynamos or shafts,
In fact with their high speeds and poor low 8peed torque they were
peculiarly suited to driving dynamos. Compressed air wes also coming
into use in the nineties. It was particularly suitable for operations
ke rivetting and drilling, but was a less simple method of conveying
pover than elestiricity. Compressed air tubes were generally not es
convenient, efiicient and cheap as electric cable. For rotating plant
electricity was better. |
Sccondly es an extension to the first point electrio nower

transmission was relatively more advantageous whers connection to &

l. J.1. Clapham, op.cits Vol. 3, P 133,
2. ibid.
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central power sup ly was difficult. Travellin- crenes are a good
exampld,  Before electrie power they were virtually obliged to have

their orm boiler and steam encines, Alno stationary hoists etc. were
difficult to ccnnect up to shaf'ting because of frequent stopping end
starting. Here hydraulic plant was frequently used. But it usually
involved a 8cperate power unit which wes relatively expensive. Similerly
variable specd tools and machinery could not be comnected simply to
sheftings Geara and clutches were expensive to maintain end much power
could be lost in them.

Thirdly, in any single factory, electricity was relatively
sdvontageous, not only where jorticulsr tyn~s of pnvor application weore
needed but where several tyggs of power were needed under the same roof.
i’or electricity could cope ‘with lifting and turning at constant and
variable speeds. Other forms of power mignt e ve useful for particular
opemtions but had not ,thhe same range of usefulness, This range of
usefulnes:s meant that power generation could be centralised with
oonsequent economies.

Fourthly, electric pover was at a relative advantage where
power was used intcormittently. Where machines are being switched on and
off during the workirg day it is extremely unlikely that all the machines
would be switched on and off together. Thus the amount of primse moving
and generating plant nceded was less than the total horse power of motors
povcred, How nuch less depended on i)roportion of the working day when

machines were actually running, the loss function to be attached to not
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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 cnly, and quite
high in engineering where machines were used intermittently. H. Mc:(tol.‘l2
sug;ested that in engincering works it was usually found that
generating plant equal to 50 = 60/ of the aggregate maximum power of
each machine was sufficient, This saving of power plant because of
diversity applies to any centralised powor gencration system,
mechanical as well as electrical. ' But diversity would rise as the
number of machines connected rose, especially as machines of different
typos and with different patterns of use were oonnected. Thus
dive;rsit;;; was generally greater with electricity. Also isolated steam
eng“'!.nes driving single machines if used only intermitiently were very
wasteful of fuel, and by definiiion had zero diversity.

Compared with these types ol power requiremecnts 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 movinz and generating nlant can bse bullt to give, within
1imits, given overlood copacities for varying lengths of {ima.

2. During the discussion on J.F.C. Siell’s paper on the Aprplication
of Elcctricity to Irdustrinl parnozes to ithe North East Coast
Institution of Shipbuilders & Engineers, 24 February 1905,
Procecdings, Vol. 21 FP 153 = 176 and 239 ~ 250,
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example, in a cotton mill all the machinery was grouped together.,
Shafting could be uscd 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
constent speced rotating power. Thus & central and efficient prims
mover ooculd 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. Mill owners
and managers had paid grecat attention to their power equipment.s Their
prime moving plant was more eccnomical on the average than that of eny
other branch of industry. Stiecam engines were often specially designed
for a Ipa.rticular mill., One of tho importaent external economies of the
oottoxi textile Industry in S.E. Lancashire was the existence of well
developed engincering 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 saooth running shafting as is the cese in the cotton milla eee
vee until the adoption of electrical transmission of power in

racent years (in other trades) ... the cotton mill was infinitely

better equipped as regards its power installation than was the
average engineering shop or shipy n,1

This was despite the fact that it was in the saue engineering
shops end shipyerds that engines and power equipment were built,
Katthew's statement was not likely to be contradioted; it seems to have
been the generally held view.

1. F.S.A. Vatthews, Lancashire 11ills and Electric Driving,
Supplement to the £.R. Vol. 63, iP 551 £f.
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It was primarily in the engineerin; trades that power was used
intermittently in a scattered aid/or varying way. There, there were
chances of reducing power coats even in the ninetiea when electric
driving was still in the develorment stage and the first cost of
electric motors high. Perhaps the carliest industrial application
of electricity was to cranes. As early as 1888 the engineerin; 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 coanpare the two,
and came to the conclusion that electricity wa. voth cheaper and more
satisfactory. No exact cost comparison had been made but it was said
that fucl costs had 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
was also z'educ:ed.‘l

 Blectricity also spread to other uses whers transmission by
existing moihods was difficult. Shipbuilders were quick to use it.
In the late ninetics several yards, particularly on the Tyne, installed
electric power. Significantly when Charles lierz was considering the
application of electiricity for industrial purposes on the Tyne in 1900 « 01

he wes particularly anxious to use a system which would appeal to shipe
2
builders.

1. E.%W. Anderson, Notes on Dlectric Cranes, to Section G of the
British Ascociation, 21 Septecaber 1.396.
E.R. Vol. 39, PP L7C=81.

2, See Chapter 4 P. 137.Also Neptuns Bank uscd marine engines partly
to help in inducing shipbuilders to buy eleotric power from
N.E.S. Co. .
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Shipbuilders had scattered and variable power uses. Merz argued that
the adoption of electric driving by Tyne shipyards resulted in a 40}
saving over the old .st cem d.r:!.ving.1
In the coal mines power uses varied betws:n those typical of
textileas and those typical of engineering, Underground power roquiree
monts were scattered. Small units were nceded for pumping, haulege
end coal cutting. Pumping was often done by engines fed by steam from
the surface. Haulage was effiected 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 winding 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 have had somothing like the advantage
of lower motive power costs over pit ponies that the electric tram had
over the horse tram.
Vhere electricity could reduce actual power costs by reducing
the cost of transmitting powc-;r over a given distance it would produce
two principal types of savings Fuel costs per unit of work applied to

l. Select Committee of the House of Lords on the Administrative
County of London and Distriot Electric Power. Bill 1905. Qll.
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the machinery could be less if an electric transmission system hod a
higher efficlency than a systen of shafts and belts, or if an electric
trensmission system wos installed insteasd of a set of small scattered
engines, es small acatlered engines had a relatively low thermal
effioiency. Also the capital costs per unit of work appliod to the
machinery would be less. A higher tiransmission efficiency would reduce
the capacity of prime moving equlpment for a glven powor1 applicd to
machinery. Greater diversity would do the caue. If the capital

cost of an clectrical system were less than the coist of a mechanical
system the cost of a given capacity would falle The same result would
obtain if a central power unit replaced a serles ol scattered oncs, as
the latter had a relotively hi h first cost per h.p.

., The reduction of fuel costs and the reduction of capital costs
by reducing the prime mover capacity requircd was possible in aome
engineering factorie:s,' but was much more difficult in the largest of the
factory trades, textiles, primerily because of the technique of
production. The effect of the naturo of the power requirements on the ‘
rate of adoption of electric driving in the textile industiry was °
illustrated by contemporaries by the more rapid adoption of electricity
by bleach and print works then by mills, IF.S.4. liotthews argued that it
was "not on account of any hostility on the part of the owners" that in
1907 there was little use of clectric driving in Lancashire mills. This

was clearly shown, he went on to argue, by the fact that electrio transe

mis;ion was adopted firct in bleach works and print works, where "conditions

are different from those obtaining in the spinning mills and weaving

1, Uscd here to mean ratec of doing work g‘g where w = work and © = time,



276

sheds in oo much as in these works a large number of auxiliary onginoa
is required, and these being not so centrally situated as is the engine
of a spinning mill, great cconomy in transmission could be shown by the
adoption of tho electric dri.w:".‘l

Thero is not really any evidence on the relative capital
costs of electric and mechanical power tronamission equipmonts.  But
before the big fall in the price of electric motors 1901 « 05 electria
motors were notorious for their high first cost,. It was said in
witigation of this that electric motors had lower mainienance costs
than shafting, but one cannot be sure that the comparison was not being
made between new motors and somewhat elderly shafting. It ceems almost
certain that up to about 19C1 the capital costs of electric transmission
systems per unit of prime moving capacity were on the average above those
of mechanical systems. By 1905 there was probably little difference
between the two and elccirical plant prices fell relatively, although
at a slower rate than from 19C1 = 05, from 1905 = 1h.

Ons can say more about fuel costs, largely because this was
what engineers were most concerncd aboute Even hore tho evidence is
somewhat less than might be desired, primarily because of the lack of
data about mechanical driving. leasureuonts of power end 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.8.A., Matthews, op.cit.
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The thermal efficiency of electric power transmission was
1
fairly constant for most applications. But it veries with the time

tho system was at varyiny percentages of full load. At full load it
2
would be about 805 but at half lozd it could easily be as low as 607,

In the early end middle nineties it wes lower, pcrhans 10% leas,

The ef{iciency of mechonlcal transmission varied a great deal.
W. Gelpcl suniarised the svalleble evidence for the British Associstion
in 1.898.3 In 1894 Professor Kennedy had estimated the loss in shafting
et 22s Crompton pave it at 32,.. Thess wer~ ovarall averages. Sir
Thomas Richardson at his own works found losscs ofh between 25, and 70
with a weirhted avorspe of 43/5»  Messra. Purness. Westgarth and_banparw'n
engine works at Middlesbrough had on average loss of 50ve At the Bristol
Waggon Works the loss had varied between 22 and 57%. In several factoriei
in Olevelend, Ohio, C.H, Benjamin found the loss to vary between 50/ and

8076

l. This is a rouch and ready statement. Efficiency would for example
be affected by the length of cables used, or by the cross section
of cables. Cables could be designed for varying losses in
transmission. ‘

2. Allowing 7,» loss in the dynamos, 2, in the cables and 12/ in the
motors.

3. Electric power and its annlication on tho three phasg system to
the Bristol Warron and Carriape Works. Paper to Section G,
12 Septcumber 189U,
E.R. Vol. 43, PP 427 = 9. 16 September 1898.
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On the avera;e electricity was thus not a great fuel saver,

In textiles it 1s unlikely that on the avorage electric transmission
saved any fucl at ail. In 1907 a paper was rcad to the Manchester
section of the I.E.E.1 suggeating that for a mill using 100,000 spindles
3 phase electric power was slightly cheaper than umochanical power =
0,415d per KWh sgainst 0.445. For smaller mills the author thought
mechanical working was choaper, and the comparative advantage of
electricity increased with the size of the mill. But his figures were
challenged in the discussion, and 1t seems likely that the margin of
error was as large as the difference in cost.s A 100,000 spindle mill
was a big one. In 1911 the average mill had 60,000 spindles, but
recently bullt ones werc above the avcrage.z

In coal mining, an important example becauss of the size of the
industry, the very low opportunity cost of coal meant that when fuel could
be saved, the value of the saving was small,

In ongineering where fuel might havd boen saved the saving
could rarely have been sufficient in the nineties for it to be worth
replacing mechanicael drive with electrical drive. If we compare .electri.o
power with 70. efficiency with mcchanical power with 50,5 eff'iciency the
reduction in the coal bill would give a gross roturn on invesiment of
perhaps between 2%, and 8/, with the average nearer 2% than 8, on the
initial cost of the new equipment.3 In the years 1901 = 05 the cost

of electric motor equipments halved and thus the rate of return would

1. E.R. Vol, 61’ P 1006. 20 December 19070

20 J.Ho CIQPham' OE.CitI’ v01o 3. P 1760
3, On P. 279.
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'Tnia calculation is intecnded to show the orders of magnitude involved.

Erficient reciprocating steam engines used about 3 1bs. per i.h.p for
averape condition in the ninctios. Coal in the factory bunkors cost
boetwecn £0,5 = £1.0 per ton - usually ncarer to £0.5. Assuming 90,o
engine efficiency, 50 efficiency in mechanical transmission and 704
in electrical transmission, the cost of fuel per brake horse power hour '
is -

Coal Cost per ton .-Electrical' lechanical  Difference

£1.0 0.518& 0.712d | ‘. ’00201} ’
£045 0.259a 0.356 '0.097

Factory motors ran belween lOCO and 15C0 hours per year on the average.
Thus the saVing Pelre pET b.hopo used vas

, Hours usod per year Coal cost per ton
L £1.0 . £0.
+ - 1000 204d. g7d.
/. .
1500 . 306d. 1,64,

Tho initial cost per b.hep. of an elecctric motor transmission outfit
depended on the si:ze of motors uscd. Sizes below 1O hep. were very
costly and for general factory power fir.s would rarely go below this
sire, at lesast up to about 1905. In 1895 A.E.G. were sclling 10 h.p.
motors at about £3 per h.ps The prico per hep. declincd up to about
50 hep. vhen it reached £4 and thorcafior ramained constant. This is
for d.c. motors; a.c. motors were otill in tacir infancy and although
the 10 h.p. sizc was again about £8 they did not fall bolow £7 as the
size rose. Lot us take 10 h.p.; biger motors were used, but
froquently to drive amall picces of shoftinge Dynomos being bigger,
wore cheaper per hepe., S8y on elcciric power transmission system,
assuning the same stcom enpine 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 gress return, before deprociation. Pels OD
replacenent of shafting by electric motors. |

i
!

Hours used per year | Coal cost per ton.
£1.0 £0,
1000 53 2.5

8.0 3.8 \
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be doubleds As depreciation on this type of plant was about 5,5 even
then it is & barely adequate return on the average.
A comparison of a centralised electric drive with a rumber of
scattered oteam engines brings out the same point. In 1898 W. Mavor
of Havor ard Coulson, a Glasgow firm, ons of the pioneers of e¢lectric
motor driving, sent a questiomnaldre to manufacturers in an attempt to get
better information. The replies he' got were admittedly incomplete but
sufficiently godd for him to be abie t{o divide firms into two groups.
One wes mills and Similsr establishnents w}‘ere one or two efficient
engines were used. The other was where power wes derived from a number
of small steam en-ines., On the sverage the first group used 3,1 lba. of
coal per i.h.p. hour, the second 5.3 1bs;.1 In the former case no fusl
caving could be expected frem electrification. Electrification could
improve the second pgroup until the same amount of fuel was used as in the
firet. The value of this fuel saving was slightly less than that in
the earlier examples of mechanicel and electrical driving and thus the
return on investment 1esa.2
1. Both averspes are weijhted by the amount of power used.
2¢ If a central engine was uscd with elcctric power transmission using
3.1 1bs. co2l per i.h.p. hour then assuming 90, engine efficiency and
70,0 efficiency in tronsmission, 4.9 1bs. coal would be used per beheps
hour apolicd « Scattered engines using 5.3 lbs. per i.hep. hour
apnrlied direct, assuming 90, engine efficiency, would use 5.9 lbs.
por b.h.‘p. hour employed.
Costs per beh.p. hour (d.)
Coal cost per ton. Electrical Scattered stcam enginos Differcnce.
£l. 526 0631 | «105

8005 ‘263 0315 ‘ .%2
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Reforenoe 2 continued,

Fael saving per year (d.) of electrical method per hepe
Coal, Cost per ton.
Hours per yesr £l £0.5
1000 105 52
1500 158 18

Thus on lMavor's figures the elestrical savings come out at
a smallexr fipure than in thoe previous notes. The argument used
there applies a fortiori.
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Thus up to the big fall in motor prices of 1901 « 05 there

was little reason on the average to convert to electric driving to

save fucl. But the dispersion of fuel coats of steam plant was
very large. lMavor found instencas of exiremely wasteful engines.
Soms he found were using 53 = 180 lbs. of steam per i.h.p. hour, even
in factories where other engines were working at the very economical
rate of 14 lbs., lMany of these engines were very old, often 20 years
old. They coﬁd, he thought be profitably replacad by electricity.
But it is likely that it would have becn profitable to replace them
by up to date steam engines. There is scme $ruth for the nineties
in the contention of G.T. Duncan provoked by a #aper on electriocal
power transmission in 18951 |
"In papers of this sort comparisons have erly been mede with steam
engines, wihich in aost cascs are apparantly of ancient design and
construction.and i1l adantcd to the work in which they were
engaged during the tests, thus showing an abnormal and unreliable

coal "ronsumption ... while on the other hand the electric plant
has becen of modern construction eee”

Also in-the ninetics it would be worth rcplacing mechanical
with electrical plant to save fuel if.tha engines veres very small, or
the shafting was very long or transmission very difficult.

In the case of equipping new factories, electric driving was

more likely to be adopted. But for a larze musber of applications for

mich of the ninctics the fuel saving was slight, often not enough to
offaet the higher capital cosis of an electrical systems Throughout the

l. W.C. Yountain. Desifn and B {iciency of Plant for the Transmission
of power by electrics ty. Paper to itie Noxrth sast Coast Institution

of knginecrs and Shipbuilders, 15 January 1895. FProccedings Vol. 11
PP 113=32, W47-63, 187:f.

2, Commnicated remarks of G.T. Duncan, _ibid.,. PP 161=62.
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nineties the cepital costs of an electirical system fell slowly relative
to the capitnl costs of mechanical systems, thus changing the position
fraa that of the middle nincties when adoption of electric rather thon
mechanlical drivinc very rorely reduced power costs, to that of the late
ringties vhen it only ocensicnelly reduced pover costs,

After 1905 the position was eubstantislly changed. It wos
mich wore likely to be worth replacing existing mechenicel plant, and
thus a fortiori installing clectrical plant in new factories. The
deterrent of high capital costs was generally removed., In the typical
cagineering shop the balence seeas to have been firmmly tipped in favour
of electric drivings But in textile mills it was still an open questian.
Mso the reduction of mntor prices brought power within the reach of
smll workshopns who had hitherto used no power at all, end swnall
factorice which had used very iittlc. Clapham notes the much more rapid
risas in the nunber of factories than workshops. The distinction is made
according to whother power was used or not, The nuzbsr of the former,
uaing power, rose by 26% from 1901 « 1913, and the latter, not using
power, by 13{, From 1895 to 1913 the former had risen 22% and the
latter 312,".3.1

By the nineties the reciprocating steam engine was ncar the
limits of its potentialitles. From about 19G7 - 10 orwards two new
occonomlcal prime movers came to be used in factories, the steam turbine

and the internal combustion engine. However they stimulated the use of -

l. J.H. Clapham, on.cit., P 19).



electricity, for they operated best at a high speed and for use with
mechenical transmission would have needéd gearing. [Electric transe
mission automaticelly met this need,1 and met it much beiter where
large powers were involved, It reduced the smount of electricity
which might have been bought from public utilities, but to confuse
buying electricity with using 1t is a mistake of the first order.

To consider power costs alone is quite inadequate. It can
indecd bo argued that they were of minor importances Other resources
could be saved because the use of elocirical msthods could increase
output without increasing inputs, or more generally because it did not
increase the cost of all inputs proportionately as much as the
velue of output rose.

The simplest way in which this could happen was by increasing
the physiéal output from cxisti;xg machinss, 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
principie to control very large motors., JIn this way the atopping,

stakrting and speced of large machinery could be much more accurately

ls Ths principle behind the diesel electric locomotive is that
electricity 43 used to provide the transmission instead of
gears and clutches, as in a diesel bus or lorry. Eleciriclity
con much better deal with large powers than gears and clutghes.
Another 11lustration comes from ships where turbo~electrio
power was experimented with rather than geared turbines.’

i
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. 1
canironled tary P lhey weie dydven dlvectly oy steoam cngines.

Paxd=ieunond s5ots vicre wiad Lo Qrivo steel miils and other similer
ploces -7 very hoovy aacuilnery.  Lasller oul solil falsly large
weeidne tools cuuld be iasvo socucately coddroiled, by the cursont

fod to the motor, il eleciric mutours rather taan stean or gas ¢nginos
werg WBeds  Thus spodlliyg of wrotucts wes reduced and the value of
cutput raised, The cleclric mstor hed & luvyo overlosd capacily and
thus could copz wach beller Luan ateam o s ouglnes with the agavy
and BuGiaen sivedns Luowed oy laxy: amchine Wols.  For this roadad
aleo ihe machlues cculd be spseded up and/or the rate of spoiling
veduced. It was significant that whore alectris antors were used

in tha saviy Gays oi the late nineties it wus where hsavy intermitiend
glrndns weis throsn on the aotors. The Lloctiricion coumented in 1898

/

thet novaers ho ctric driviny beon so exicnalvely wad successfully

practised a3 1 (ke ohipbullliing yards of the North Lot Coast.

Probebly, it coniinued, no class of wching tools thrwes heavisr and

more tryiog stlvains upen the driving slent than the large ruils, plate
bonding moochines end wall planers used in such wm'ka.a Thia was largely
beconas of the contribution of electricity to ralsing output, At

811' Thomes Richerdoon ond Sons' ougine works at West liartlepool output

1., A, Vord=lconard set is & cownination of prive mover, gonerator
end eloctric wotore The pover oxorted by tho eleotric motor |
ie poverneu uy repvinting the oudle small currents used in the !
fleld codls of the goncrotor. Thus dolicate control of lorge power
13 poneible.

2. FBRlecirician. Vol. 40, PP 853«9. 22 April 18%0.
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rose by 20/ as & result of the introduction of 3 phase electric driving.

Merz argued that the output of Tyne shipbuilders had risen because of the
1
pdoption of electric power.

3 phase elcctric motors maintain an almost constant speed
under varying loads. Their specd variation was much less than that of
shafting and belting under similar conditions. J.[, Crowley made a
study of this in the case of textile machinery., His results are im

Table 55 below.

Table. 55,

Speed veriations in textile machinery.

Type of machine lVaximum speed range -
as ju of mean epeed,
Spinning
lule Countershaft
mechanical drive 25
individual elcctric drive d.c. 17
individual electric drive a.c. 6
Ring doubling framo
mecchanical drive 6
after conversion 1o individual
electric drive 0.5
Weaving :
Loom Shaft line (near belt driveg 9
middle of shalt 12
end of shaft) 16.5
group electric arive) 6
Loom (4individual electric drive) 2

Sources J.F. Crowley. Paper to the Congress of ‘the Textile Ipstitute,
13 Septeiber 1912. 8
E.R. Vol. 71, P 454. 20 September 1912,

1. Select Conmnittec of the House of Lords on Admindstrative County
of London and District Electric Power Biil 1905. Q 12.
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The reduction in speed variation, it is shown, depends not only on
electrification but on the degrec of sub division of the electric drive.

A more even speed of driving roduced the number of times tho thread

broke, and thus increased the rate of output of the machine. In 1905

it was said that output could be increascd oy up to 4o in weaving and

up to 8/ in spirning by edopting electric dl'iving.1 In 19CG; E.J. Williams
roported on a study of the use of electricity in hosicry menufacturing.

He argued that the loss in cloth due to the poor speed regulation of the

stcam engines usually driving powor frames was very considerable,

Electric driving would eliminate this, which he thought was of the order
2
of 25 = 30,

If variable specd power was required electrical driving also
offered the advantage that the spced of the machine oould be divorced
from the speed of othor machines in a way which was more difficult with
beliing and shafting. Hence machine operators wore no longer restricted
by the speed of the sharting, and cutput could rise.

In all these cases capital and labour would be saved per unit
of output. Somctimes raw materials would also be saveds If the ratio
of capital to labour remained constant the proportionate savings in labour
and capitael could be the sams, But ease of opcration of machines might

lead to a fall in this ratio, thus saving roclatively more labour.

1. [Flectricity in *ills. ILeader in tho E.R. Vol. 56, 10 February 1905,
based on papcers rcad by H.W. Wilson to the .lancheater section of
the I.,E.BE. 17 January 19C5 and by Voodhouso at Leeds, December 1904,

2, Eleciricity in the Hosiery anufncturin: Trade.
E.l\‘.o VOlo 55’ PI) 32’} - 50 26 r&u&uat 19:‘}.
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There are also cases wherce output co_uld. be increascd by the
arnlication of eloctric power where power had not hitherto been applied
because of hiph cost.e This was the case in omall light industries
whers the establishiwent was very s.vnnll,1 and also in coel mining, Both
were heavily labour intensive end thus the main resource to be saved was
labours Coal mining is particularly important in this context because
of its importance in the cconcmy and as a power users.

In coal mining one might have expected that output end labour
productivity might have been increased by the use of electricity undere
ground, principally for coal cutiing, pumping end haulage. It would seem
to have been an improvement on what power was uscd underyround. Haulage
and pumping were sometines cffected by steam engincs fed with steam by
long pipes from tho surface. . liechanical coal cutters were used in the
nincties driven by compressed air. Compressed air transmission under-
ground wes difficult and ofien nol satisfactory. The electric coal
cutter became more populaor. In 1912, 59, of the coal mined by coal
cutters was mined by olectrically driven ones.

But coal cutters were very rare in British mines right up te
1912. In that year only 7.7> of the coal raised was mined by coal
outters.2 This 4s 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 much electric power again would have been useds Also

1. See Clapham, op.cit., Vol. 3, FP 195 =5

2, EsR. Vol. 73, P 597, 10 October 1913.



coal cuttors were expoctci by some to provide an entrace for electric
~ 1

power in to the aines, leading eventually to its wider use. Iu the

evont, in 1912, coal cutters (included under porteble machinery in

Teble 56 ) wore reletively unimportent.

Table. 56.
Blectrical h.p. woed in British coal oings in 1912.
COO RePe % of totals

Surfsce Winding 23.9 4e?
Ventilation 3069 6.0
Yanlcgo 23.8 4.6
CD&l ‘::’aﬁhing 15-506 805
tdsceollanecus 72.0

Underground  linulago 1300 29y
Putming ) 1IN 28,2
Portoble nacuinery 31,0 6.1
Livgellaneoud 11.% .

Total ; 510‘3

Sources EeR. Vole 73, P 8Cke 14 Noveuwsor 1913,

Tho slow adoption of ti: coal cuttor hoo bocn inveotigated
2

by Ad. Taylor. fle aryuos thet althouph coal cutters existed before

1830, oxporiconts with carly culters wera discouragings At first

289

compreased alr wes the fovoured cothnd of driving them but trangcdssion

o™t

1, Yor ox &uplﬂ uy Caorlos Lovz. Sec ads Jooort to Ned.Se Uo. 0N
suvrdy 0 Tleties. Cos ‘o lorthern orn S. 21 Doceabor 1905
Corliol Icuso *ccax*ds.

2, Lobour pradeciivity orid techn ylarical inncveiion in the I'ritich

.
14

(.acm.l. Andaoiry WG - 1 e Aed. i0ylor. wooncmlio Hioctory Roview,

“Omxi Borios, Voi. Us noe ke lupguot 1901,
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was difficult. Electricity was disliked by colliery managers and also
by mine inspectors at loast untll the 1904 Home Office Departwent
Committes investirated electricity in the mineas. Also it must be
added that up to this period ecloctrical enpincers had donae little to
develop motors for conl cutiers. -As has been pointed out their general
attitude to electric power was pasuives, Particularly relevant wes their
foilure to develop 3 phase power, for the 3 phase motor had no commtator
end thus did not sparke Aa late as the end of 1903 there were only
2 British 3 phase coal cuttera.1 Teylor argues that there is not
enough evidonce for one to say that the coal cutter certainly reduced
costs or increased output (either in quantity or quality) sufficiently
to be worth adopting it. Thoe main resson for its adoption he argues,
is that it. could make the mining of very thin seams possible., He
qQuotes wii';h approval the statement of the ot'ﬁ_.o:lal spokesman of the
' mine owners before the Samiel Comnission in 1925 « "Generally speaking
the saving in leabour char;es at the face is absorbed by the capital
charges and the running costs of the machine.”

This argument that increases in labour productivity wers often
not sufficient to make the ad'option of powor worth while is ‘explained
by Teylor by the abundance of labour suppliess This argument can work
in two ways. One is that in the long run, that is over a period longer
l¢ The "Hurd" manufactured by Mavor & Coulson and the "Diemond®

menufactured by G.:.Co C.Il. lerz Roport on supply to N.E.S. Co.
Northern arca (Nortmmberland Coalfield) 21 Deoember11903. /-
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than the wage cycle, the elasticlty of supnly of labour was so high that
wage costs per ton mined did not rise, and thus the rise in the demand
for coal led to little mechanisation. The other is that the working of
the wages cycie was an additional dampening factor.

The following chart presents an index of wage costs. This -
is simply ean index of miners' wages divided by an index of tons mined
per man employed. Thus 1t 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 ﬁot rise sharply until after 1906, Iooking
at the picture up to then there would have been no reason for mine
owners and managors to suspect that wage costs were turning sharply
against them dospite the falling producitivity of labour,

The stimulus of what rise in wages there was before 1907
was lessoned by the way in which the wege cycle worked, and by its
Jtiming. On the upswin: wages rose although not sharply until the
later stages. Physical productivity fell as wages rose. In tne
downswing the reverse occurred; wages fell while produotivity rose.
Employment also rose in the downswing, aud thus there would have besen
little incentive to mechanise. In the upswing, however, especially
in its later stapes, there would be quite a powerful stimilus to do so.
Here labour supply certainly does not appear to have becn elastic.

It 1s a doubtful procedure to tr;; snd establish the elasticity of supply
of labour from time series information alone. But the analysis which
is possible, and not perhaps too implausible; suggests that the
elastiocity of supply of labour, althou h high in the first year of an
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1
upswing soon becanie low.

simply on thess giounds ona would expoct ocal cutiors 1;0 produce

sufficiontly large increases in labour productivity to justify themselves
in the lator stazes of the upswing of tho boom. The boom which broke in
19C0 come too early, before there were good enough and cheap enough electric
motors. From 19C0 - c5‘fa115.pg wages snd profits would act as a
disincontive. Prom 1906 énwards cyclical and sccular influonces both
push wage costs upvardc, And as far as nne can tell the number of coal
cutters responds to this. In 1902 Il.}. Inspector of Mines reported that
thero woro 145 electric coml cutters. In 1912 there were probably
10,000 = 11.5,000.2 And they wers rapidly incrcasing in number; in 1912
7.7/5 of tho coal raized wus mined by cuttor, in 1913 8.5,

Y,
1. /I assumed a 2 year lsg betwcen wage rises and an incroase in the

supply of labour (measurcd simply in numbers employed). For the

upsivings of 1895 = 19CC, 1905 « 07 and 1910 = 11, ths following
fipures of arc elasticity of sup-ly emerge

18967 1.49 . 19C6~C7 0.17
1897-8 1.06
1390«9 042 1910=11 312

1899~1900 015

A one year lag riives the came pattern, with, as one would expect,
lowar elosticiticc.

If labour were mecasured in man hours the figures would be lower
a3 cbsenteeism increased as wages rose. B

2. Tortable machinory aggrecated 30,000 h.p. Coal ocutters took
about 15«25 h.p. each. .

3. Taylor, op.cit.,
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This siturtion wiacre the adoption of electricity was labour
saving and capital using has beea dealt with at soms length, partly because
of the 8ize of the coal industry and partly bocause it was the general
situation which would apply when eleciricity made it economical to use power,
when it had not otherwise been so. But in the case of many factory
tra.des, where electric power mipght de used rather ilhan mechanical power,
there would olten be consideraole capltal saving as well.

The adoption of électricity could however produce savings of
dinputs in other ways. | blectric cables were lignter than shafting. Also
they todk up less space and thus new factorics could be of lighter
construction and need not be so hiyh for a given purpose. New and
expanding finas could buy a cheaper building for the same purpose.
Urfortunatcly we have little data on the difference of building costs
between mechanical end electric transnissions That the matior is rarely
mentioned may mean that it waa Small.1

Much more important than the weight of electric cables was their
greater flexibility. This could reduce tho effect of the powor system on

the layout of the faciory. Vhen shafiing was used machinery was usually

1. One casc mey Le worih cuoting,  In 18Y, lessra. Canpbell built a
new clothing factory at Ieedss Electric driving was installed from
ihe cutset, nccessitating e lichter construction of building than
usunl, which was said to save :2000. "Before building operations,
specifications wers asked for steam plant with ordinary shafting
and belting, as well as for the clectrical schemes. The first cost
(of tio pover couimont) was avout cqurl but electricity offered
distinct advantaLe.. in that a choaper kind of builda.ng was only
nccesuary".

E.R. Vol. 35, P 4C5. 5 October 18%%4.
IV is a signiticant com.cnt on the value of the information that

wo do not know the size of the factory.
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groused elosely crcund . Electrle cables waroe phyeicelly core flexible
erd Yhus evea il the puacr cost, copital and running, of eleotiric
transcdsnion was as hirh oo that of mechanioal transmiseion when the
aachiinory was olosely grauned tegothor, 1t would be lower when

mschirm vad nore disperseds Bleclrlc mofors could be put in any
ronitions Thus more weipght could be attacned to other foctora like
sirpldcity end szeed ol honlilby, alnpler sccess Lo wochinery. Even

if machinery viorked ot the samw cpeed, and thus the mato of cutput
remained constant, tho reduction of tine betwesn opsrations would reduce
labour costs, ard alco canitel cosio as tha value of work in progross foll.
Even the oxistence of shefting avort from its offoct en the arrangsuont

of machinery c¢-uld inpede handilng. Por exauple, 8 travelling crang
vould be slowod Govm. Lighting wns wore difivicult with shafting, and
thus would cost maore, or operetions would be pigwed dowmn dacauss of poor
visibility.

The extent of the 075t soving varied with tho degres of reorgane
ization which wes rede in the armngesent of tho ahops It could be
considorable. For exmmple, in on fmerican rolling mill the edoption of
electrio driving had reluced the mmbor of men roquired from 6CO0 to 4000,
Yors erpuod thot one of the very important sdvantagea of electrio power
was tant it pormitted a cimploitely diffacent lajout of the worka.‘

The coving Al not ond with ivking batier orgauisation posiible,
far electrio driving could stimlate furthar thought on better planning
1. Coloct Coudttee of the House of Lorda, @8-ii-end-i5e

on tho Adninistrative County of Londeon & Listrict Electrio Power Bill.
| Qso 11 md ]50
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and ercangement of work. It could do 1his in two ways. Firstly, by
considerably wealcening the tios botween the layout and the power system
it could stlyulatc much more considoration of factory layout. Once a
constraint on whot can, reszonably cheaply, te done i3 removed further
inmovations my easily follow. The potontialities for this were graat,
The wajority of British worikshops anc factories at the time were |very «
pl/&ﬁncd. Machinery was huddled together in small, dark and dirty
buildings, the latter were often badly laid out and difficult to manage.
There is much justice in the comment that it was the astate of building and
layout rather than the age of the machine tools used that contributed
to the ofton high costs of British industry.1 One mmust not overrate
the contribution of electric driving to better lay-out. There are a
number of other recsons for planning improvements and the influence of
eleciric driving in this respect was only permissive. DBut ong still
may suppose it wns considerable. |

The other effect that the introduction of electricity hed on
manegenent was thab weasurcuent bocame much simpler. At the vurn of
tho century vory few maasurencents wera taken of the enargy input in
wanufacturing. There were neither many measurcments of physical
input nor of the cost of this input. Engincers who pioneered electric
driving soon discovered a great deal of antiquated wachinery, machinery
¥hich probably would bave been scrapped 42 rational calculations had been
made. Such plant was not to bs found simply in the backsard .tnduatriol;‘

1.. The Scrap Heap. E.R. Vol. 51, P 645 = 6,
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of ten aanufoctiurers of power plant were content {o usa obsdlete equipuent.
One of the important _thini_a which interding scllers of elc;:trical driving
plant cauld do was %o draw mnufacturéra' attention to their power plant
end persuade them to inveutigete the cocty of the equipment they could
use, and that which they were i\aing. Once encouraged careful scrutiny
of cozte oould be applicd to othor inputs as woll es pover.

In this context it it worth paying atiention to the views
expressed by Wed. Aldrich to the lilwaukeo meeting of the American Society
of Mechenical Engineers in 1901, whaen he was discussing the uso of
electricity in manufacturi.ng.1 He argned that the advantege of electricity
was not in the small saving in the fuel bill, but the very large increase
in output wnich was madc pessible by using it. Output per man, output
per squere foot of fectory space, output per machine all rose bubstantially.

/ It was much easicr, he went on, to increase output in this way than
through new buildings, mon end machines, Lebour conditions were improvedj
the mon were enzblod to work: faster, not being tied to the speed of the
belting. Tis shops could be betier laid out vhen no overhead shafting
was nceded. All paris of the machinery would be accessible and their
meintcnance costs reduced. The various buildings need no longer de
grouped rcund the powor house, and thus cculd be better arranged for
efficient vorking.

Adoption of cleciricity did not always facilitate production.

FPor exmmple, in cos! mining it was sometimes said to be dlsadvantagoous

10 E.R. Vol. ll-9’ rp 63):.- - 5. 650 2, 1l and ].B October 19010
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because it increased danger. Colliery managers were quick to point
to the posuibility of sparking at the cammatator of a.c. motors and to
stress the danger of this in fiery mines. They were also afraid of the
consequences of underground cable faults. These 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 feoared that winding and ventilating machinery
if driven by electricity would be more liable to break down than if driven
by steam engines. The consequonces of such treakdovms could be very
serious. It must be remembered that up to about 1900 elactrical
machinery was not entirely rcliable. To sec this cne only has to read
accounts of the working of carly power stations.1

It 1s also sald that in textiles a disadvantage of adopting
electricity wos that a considerable amount of steam was ‘required for .
process work. This, howevor, was only a disadvantage of electrio
driving on electricity bought outside. If electricity was generated by
the mills, and therc was usually little rcason to suppose this was more
| expensive, there would be the same supplies of steam as if mechanical
driving were used. |

The earlior argument that electric driving would save more
resources if allied to reorganisation of the works and/or better planning
of work can be extended. Innovations may be couplementary; Af two

innovations aro adopted Jjointly ithey may save more resources than the sum .’

l. Ses R.H. Parsons, op.cit.,
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of resources saved if both were adopted independently. Coal mining provides
a good examples, In the years 1900 » 191, there can bs 1ittle doubt that

in some mines resources could have been saved by a better layout of the

mine, for example by bipger, better and more level main galleries and by
easier working conditions at the coal face. Electric coal cutt:lné and
electric haulage would also have saved resources in some cases. DBut one
would expect the Jjoint saving to be greater than the sum of the two applied
separately. This is because quicker coal cutting aﬁd quicker haulage
exploit more fully the straighter, more level galleries and easier coal
faces.

In engineering the same apolies to more accurate machins tools
which could reduce the cost of engincering pro«:iucts by substituting lighter,
more exactly made parts for the robust, heavy ones usually used. British
engineering products were relatively. heévy compared with those of say,
America. This was partly a sudbstitution of weight for good design and
careful machining. For exemple, in the eighties electrical machinery
was often flimsy. lLechanical enginecrs took up its manufscture in 'tho
nineties, and considerably improved its robustnesse But they did this by
building very mtzch- heavier machinery rathor than by verycareful 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 sheds

the 1
rather than inoopen. Also more power was being used especially for

1, J.R. Parkinson, Economics of Shipbuilding, Cambridge 1960, P 119,
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1
rivotting and drilling, eaploying compressed alr as well as electriocity. -

Factory bulldings are another example. If they were made more
rogulor end higher oo thet nmashinery could ve well 1aid out end electric
trovolling cranes uscd, olectric driving would te abie to make a greator
contrivution to coot saving thon if it were merely installed 4n the came
buildings. Bul more rogular bulldings would have reduced other couts
aven without electric driving.

All theso innovations which involved changoa in capital ecuipment,
wore more likely to Le adopted in an oconomy whero capital was rapidly
growing, The Lritish ecunomy wos groving only slowly at tho time.

W. Uoffuan has calculated vhot frca 1675 to 1915 industrial output was
growing ot a rate of only 1.7, p.a.a Thoy wore also more likely to be
adopted whero the rate of scrapping wos bi he Tho more froquently
n’mi-xincry of all typos wos roplaced the awre foasible were oxtenoive
ohon es in layout. ¥Whoro plant was builit to laat a long timo, as was
most British factory plant, patching up an existing layout dy changing
inolatod machlnes indeperdently wao more likely.

Contamporaries argucd that electricity wos too elowly adopted
in England, and ihiat $wo important explanations were lack of tochnical
knowled;o, and, more poanerally, conscrvatiza. It is not difficult tt;
£ind exaap.cs of bothe The coal industry is perhajs the hapidest hunting

groonds  “Electricity," urote Clapham, "es might have been expacted wode

10 JQHQ Claf_ihﬂm. OﬂQCito. VOlo 5, P 159.
20 wo ﬂofﬂmm, OEQCitOQ P 350
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only sluggish progress in tho mi.nces".1 lle argued this on tho grounds that
coal mining seemed slow to dovelop most new techniqucs.2 Colliery
panagers were ex=pitmen, not engincers, and there is much justice in
the contemporary complaints that they had only enough training to think
of obJections to imnnvations which comae to their notice. In the case of
eleotrioity, possible danger was quickly spotied, and so generally used
as an argument acainst electrification that in 1904 a Home Office Departe
pental Canmittee was appointed to consider the matter. But coal is not
typical, and is to be contrasted with engineering, For example, N.E.S. Coe
found that while Tyneside engincers naturally came to them to discuss power
matters, the coal owners in Durhem hod to be offered all sorts of
mlu;:ements even to open negotiationa.’
Conservatism is a very wido term, not sufficiently well defined
to be useful as an explanation. But the discussion of the relatiom
between the adoption of electricity, increases in output, and resource
saving enables one to be more precisec. The more ready business men were
to consider large changes in the techniques of production the greater the
posaible cost saving. Thelr readiness to look at the edvantages of
eloctricity was allied to thelr readiness to take advantaze of other
improvements, associatcd with electricity only il'l so far as they were
complementery innovations, British business men tended to think of the

advantages of electrification as being largely those of saving the cost

1, J.H. Claghan, op.cits Vol. 3, P 16k
2, ibido| PP 162 - 6 for examp].Qs.

5  N.E.S. Co. Historical ReL:or&s.
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of por~re This rcluctance to think of and undertake racdical chengos oan
be described as a type of conservatlom, Lulb it is clearly not the samc as
the 1eluctance to undertake cny changess Bul any tendency to concentrate
attention on power costs would lead to less eleclrification than could
be ratlonally justifli-d.

The mutior ocannotv bs exhaustively considercd heres What would
.be needed is studies of individual industries covering all potential
innovations during the period, and their relation to electric powsr, It
would te a very large underiaiing indeed.

This is c¢losely connected to the allegations of lack of
technical knowledge. Wwnen people began to worry about this in the 1870s,
there was a general lack of technical knowledge. But by 1300 this had
becn partially remedieds, There had been a bip inorcase in the numbor
of engineers truined to a modest level in partiéular branohes of ths
subject, for exauocle elecirical engincers trained at evening clasues.

But few people et tae highest level ol industry had engineering training.
Such men would, no doubt, pick up a lot of engineering lmowledge of
particular matters with which they were closely cohnacted, but would not

have any training to be able to considcr a wlde range of englnsering matters.
It mis wide and varied knowledge which would equip a man for conslideration
of “he potontial vrofitebility of e wide renge of innovations to be

adopted jointly. Specialist advice could only be ofiered about adoption

of single innovations.

Thors was an incrensing number of complaints during the decede

before 1914 that the prime manpower deficiency in British engineering
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perticulerly was the lack of good "couwwercisl enginecrs", that is of men
vho combin~d onginecring skill with skill in the marizet pleces There
seens litilc doubt that thorc was such a shortage.

Electric driving, it aas been argued. saved inputs per unit of
output primarily by cnabling greater outnut from a similsr set of
productive resources. llere ons n’uut look at how earor British business
men were Lo incrcase output. This depcnds on the elasticity of demand,
and the expansion of markets, as well as on lack of willingness to find
and develop new marxets. The latter can be oalled conservalism, but not
the foruer,

There are not enough studies of the elastiocity of demand for the
producta ot British industry for one to be able to say much about the
matters In the case &f the steoel indusiry, D.L. Burn has argued that
demand wea often inelastic vecause firms enjoyed a considerable element
of logval m:mopoily.1 But ebout the slow growlh of demand in general there
can bs no doubt. Thus corpared with a fast growing oconomy there would
i)o sach less incentive {or British businoss men to electrify.

Another way in which determination to increess output in the
fairly short run - over a year of §0,~ because the expected valus of
future profits s high or thought to be high, could lead to electrio
driving wac becauce it was much simpler 1o install new eleotrioc motors,
than to extend a systeaa of shafting and belting. Thus swall extensions
to capsoity were much cheaper with electric driving even if larye

extensions, where a new set of shafting could be installed, would have

i. D.l. Burn, /n Ecouom
Combridge 1940.

ic History of Ste-lm~iing 186
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been more chesply made with a mechanical power transmission system. In

other words electricity could make indivisibilities divisible.

S mwrfur

LAC 1s drawn as an envelope assuming constant costs and no
® indivisibilities beyond a low level of output.

SACm s sghort run avera_o costs of mechanical drive.

uc' = J.ong run average costs of electrical drive,

comervatiam'in the sonne of reluctance to consider radical

changes in the process of production could be overcoms by a vigorous
sales poliocy on the part of the manufacturers of plant incorporating
innovations. It was asserted by those conrected with N.E.S. Co. wﬁo
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wors vory succeasful in persueding manufacturers to adopt elsctric power,
that a vigorous sales pollicy waes cssential, but if pursued wiih
determination would be successfuls A vigorous cales policy meant cheap
electricity plus every attcmpt et persuasion. As Charles Mers told a
Select Committce of the Lords

"It is thercfore essential in this country that there should be
current available at an exceptlonolly low price? =« Yes, and

the body who wants to supily the power mst adopt a good deal

of enoryy and push, and put every pos.ible conveniem‘:o before the
manufacturer, or he will not give up his old plent".

"The monufacturers in this country hed in the majority of cases
established his works before eleclricity was a commercial quostion.
The result is that he hes now got his plant, and is very loth to
spend monsy on buying new plant «... Lvory possible induccment
must, thorefore, bo otfered to ot that manufacturer, by offering

to make all soris of arrangements with him to simplify the operation
of modifying his works. It may bo that motors are sold on an
instalment achcme, it may be that they aro hired out ..ee Every
man has some special whim or idea as to the way in which it

should be done.... On Tyncside at the prescnt time the power company
have in manufacturers' works over £1C0,000 worth of apparatus

either hired out or exchanped for old plant or dealt with in some
way; and it is largely due to the fact that the power company, from
the vc:yzstart, detornined to got all the business that they have
80t it",

Among supply compenies N.E.S. Co. was the one that stood out as
one with a vigorous sales polioy; 1t was also thae most successful.
This suggests that there werc obstacles of the type mentioned to overcome,
The same type of argument applied to elecirical plant manufacturers
who wished to sell plant to power users who would generate their own
current. It was argued, for examplo, that A.E.G. had been abls to sell

l¢ Select Committeo of the House of Loxds on the Administrative County
of London and District Electric Power Bill. Evidence of C.H. Kers.

Q39

20 ~ibid. 1 s 97
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8 great denl of olectrionl jlant 4n the South “ales Coalfield becauss they
hrd oent coppotont enginenrs to 1os-.ible consimsrs to porsunde them of
tho advantryes of eleotrificntion.

It vao sy estmd enrline in this chapter that mamufacturers 'of
elootrical plant, by thelr pasalvity, delnyed the introduotion of electrio
powor in the late 189Ca. Ti-a;!.a ha nened to eoincido with a major boom in
factory equipcent. This 4o clearly shown in Cairncross's table of £ross
investoent 4n machinery, whicha shows n considoravle upswing in the middie

ninsties,

Tables 57.
Volue of "tochinery” retained for homo use

o
180,-63 5540
1889-53 6540
185,93 10,8
1399-1903 176.1
19008 149.8
1909-1913 157.7

fuarces  Colrneroes, g edp, P 367

Yy 1974 vhen the price fall in electrical equipuwents was swinging
tho balanco towards substantial electrification a largs emount of
mochinory mst have Lecn relalively nowe.  Usce now machinery waes inatalled
it would delay alocirification becouse the latter would Le &aconpenied
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only by minor changes in other machinery and would thus reduce costs less,

The timin.: of cyclical fluctuations also affected electrification
in the important textile industry. The last big textila investment boom
was 1905 « 08, I{ has been arpgued above that the advantages of electrie
fication were less 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 Reviow comnented that owners of
eledtrified mills werc very loth to make known 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 a great deal of
grumbling would have been heard.
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Chﬂpt er 7 *

The Manufncturers of Fleotrical Machinery 1875 « 1895,

In this chapter we shall discuss the beginnings and early
growth of tho manufocture of electrical machinery. Eleotrical machinery
is here taken to cover generators, a.c. transformers, <=omrert¢u-l,1
motors, switchgear and arc lamps. This group of products by no means
covers all the equipment used in connection with the gensration and use
of electricity. Power stations use boilers and steam engines as well
as generators and transformers. Electric tramveys end railways are
rolling stock of which only the motor equipments are electricals Neor
doss this group cover all the elecirical equipment used for electric
lighting, electric traction and eleotric pover. BElectric incandescent
lamps, electric cables, storage batteries and electrical instruments
are generally excluded.

Eleotrical machinery has been grouped together largely because
all the products in this group required similar techniques of productiom,

Similar knowledge was required for initial designs, similar labour and
machinery was used in actual momufacture. Generally speaking these inputs
1. Rotary converters, motor generators, motor transformors and motor

converters. They were used for convorting a.c. into d.c. or
changing the voltage of d.cs They have all been superseded,
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could be easily shifted from one product within the group to anothor.
Skilled labour and general purpose machinery was largely useds Machinery
was bullt in larga shops not usually specially adapted for any particular
product. There are some differcnces botween products and these differences
are sometimes important. Except for small motors and tramwey motors

nearly all eleotrical machinery wos bullt to oxrders This was particularly
trus 4n Britein. |

Another reason for grouping electrical machinery together was
that it was made by a fairly distinct group of firms. lost of our
information about olecirical machinery manufacture is based on rather
patohy biographical information ebout individusl firms,

Special attention has been paid to the monufacture of machinery
for several reasons. Firstly, innovatiuns &in machinery were often crucial,
for example the Brush high voltage dynamo, the American traction motor, or
thres phase a,0. mochinery. Secondly machinery is in a central position
touching the introduction and extenslon of clectricity for lighting,
traction and power. Even when i:xnc;vations take place cutside this sector,
for example the introduction of the steam turbine, which is not an
electrical machine at all, modifications have to be made in ¢lectrical
machinery. Thirdly innovation in the machinery group was more contimious
thon in other sectors. In incandescent lanmps there were two periods of
innovation, firstly the invention of the lamp itself in the years 1878 = ‘1883,

14

and socondly tho invention of a metal filoment lawp in the years 1897 =

1 .
1912, 1In cebles there was the developmont of now mains in the years

1. BeA. Bright Junr. op.cit.
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1803 = 1893 including tho first use of prarcr as n dielectric. Aftor
| taot, modificaiions wora individually mml)..' Pourthly the introduction of
electriodty for lightin:, troction ond pover produced a distinct new branch
of .cnufecturing, Cable makers memufnotured tele-rnrhio oables before
electrio lichtin; booame fensible.  inpine nnd boller Luilders adapted
their product for use in conjunction with eleotrical machinery, tut they
reanined primarily endne buildorse Fifiinly more had been written elsee
vhere on cables 2' and elccirie incendeccent bulbs.’

Tha output of elocirical nachinery {luctuated. Unfortunately

1t 4s not poasibls to conciruct eny time sories off output before 1896,
From 1896 such a tize sories has been constmcted and $a in Tadle
The gonaral shape of fluctuntions 4s, however, olear. From 1379 to 1502
both the value ond volume of output were rising. In 1283 both slumpoed amd
from then until 1887 whilo the voluno of output seess to have risen, the
valus remained generally stationsry. From 1208 « 91 another boom came with
sorething like a tripling of the value of cutput over these yoars, From
1891 = 95 canos enother reczasion. The value of cutput however sceus to
have gono on rising slowly. Prices fell cieeply and the volume of output
mst bave cuite substentinlly risen. Repgiming in 1895 cams snother
upowing, this tize a very dig ons. leading to a sajor boom which lasted
until 1903, Aftor 19C5 the volue of output Lesan to decline, aslthouch
only slowly at firsie The velumo of outpul continued to rise, althouh

le P.V. lunter & J.T. flazell, orecit.,

e P.V. iuntor & J.o. lovell, oreclte Ko Grovsficld.
sig_Intrvoction ol f"jgp;_l_*{.ﬁf‘.gc__‘ oC hni( al ol Doonomia Facters in
flis Cobin inviusicy, Loidols LisSCe thesio 1956,

’. A.A, Driﬁ.ht Junr, 0:‘".Citg
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more 8lowly and only intermittently. Prices, which began to fall in 1901
because of German competition continued to fall ropidly. This period
lasied until 1910, In 1911 the value of output begen to rise, and
contirued to do so until 1914. The boom persisted during the 1914 « 18 war
but partly because of special wartime econditions. Thua although there

ware 8irong upswings in ocutput, thore wore, except for 1833 no strong
downswings.

11

In this section wo shall be concarned with the first boom and
slump, 4.es from 1878 « 1887. 1In this period the main products were
arc lémps and arc and incandescent lighting dynarsos. Dynamos wore much
the more important. Until about 1983 = § arc lighting equipment cught to
be troated as a rather distiact product.

The Manufacture of elecirical machinery was rather slow to start
in Englend. | As the names Jablochkoff, Lontin, Gramwe, Brush and others
reveal, most of the arc lighting equipment used in the very early days was
monufecfured ebroad. In 1878 there were only two firms manufacturing
dynamos in Britain, Siemcns, itsclf the English part of a larpely Germsn
ﬁ.m,1 and Henry Wilde in Manchester, In 1879 end 1880 a few more firms
entered this business, notably Crompton, but until Brush began to make arc
lighting equipment in this couniry imports must havé been a very large
proportion of the hoxe consumption éf mzchinory.

1. On the relations betwcen Siemens in London and Siemens & Halsks in
Berlin see J.D. Scott. Sicimons Bros, 1858 = 1958 London 1958.
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After that, howover. many home f£irms began to make electrical
machinery. They can be divided into three major groups. Firstly there
were thosa who were existing telegraphic manufacturcrs, Secondly there
were now firms founded on particuler inventions = often mde by people
utterly unconnecctod with eleciricity. Thirdly there were machanical
engineering firms.

Of the fir=t group, those with a sclentific connection with
electric lighting, the only reslly successful entrant was Siemens. Sicmens

1
had been to the fore in dynamo improvement. In 1867 and again in 1873

the German part of ths firm had becen responsible for major innovations.

It wes not surprising that Slemens gained first place in the Trinity

Mouse dynemo tests of 1877.  Stimlated by the possession of a first rate
dynamo, Sir William Siemens, head of the London branch, mede several
irprovements in arc lamps in the late 187032. He determined to apply

arb lighting to the lighting of large apeces as well as lighthouses,
Siemens arc lights soon begon to apnear, end in 1881 Siemens was one of the

four companies to tender for the important 1ighting, proposed for the City «
at a considerable 1083.5 Dut Siemens did not forcsee, as far as we can
tell, ony very rapid expansion of electric lichting., The englneering

of the systen was dirncted more perhaps towards a high quality than a

low cost lempe The early arc lamps did not glve a very plsasant 1lightS,

1. See Chapter 1P, 2.
2, W, Pole. Life of Sir Williams Siemens, London 1888 P 247«

3. Siemens chargod £3,725 and in the first ycar losi £2,26 on this contrac!
They cost a similar sun #n the Albert Dock lirhting which they installed
in 1879 (Elect, 27 Lay 1882, & Siemens Bros. accounts.)
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Siemens improved them and produced porhaps the least unattroctive of arc
1ichtds  But to do this he used & low voltage giving a small arce This
pade current control more difflcult, and thus incrcased the difficulty of
running several lamps from one d;namoe In other ways Sicmens were noted
for their higzh engineering stendards. Wires werc laid undergroundj in
many ways this was odmirable but it was expensive. This 4s not to say
that Bir William Siemens was uninterested in the coamerciel prospects of
arc lighting, He saw that it w.s at a rolative advantage when high
powared lights were used. Siemens arc lizhting was intelligently placed
on hizh poles. But at least, as his bicgracher states, Sir William, by
‘the seventies was moving away from cq;nnercial interests towards more
| purely sclentif'ic :cuax'x.t;ea;:s..‘l |

Another important cable manufacturer to toke up the menufacture
of dynawos and arc lamps was the India Rubbor end Cutta Percha Co. They
seem to have begun with the manufacture of are lamp carbonse However,
although they continued to make dynawos up to 191, they were never very
important, The Telegraph Cunstruction and inintenance Company, another large
telegraph manufacturing firm founded on electric light department in 1801 « 2.
It was set up under J.E.H. Gordon, a young msn of 30 with a background of
scieantific research. Gordon built a 350 K alternator, with three timua
the output of any machine then const.ucted, to 1isht the company's works.
lie soén bocams intcrosted .in contral station works The Chairman
of the Telegraph Coustruction and Laintenance Co. Sir Daniel’ Goooh,

vho was also Chairman of uhe Greai wesatern Railway, Lelieved in

lo V. Pole. ops.cit. P 283,

2. NR.H. Parnons. on.cit. P 42.
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Gordon, and in 1883 it wes resolved to begin work on a scheme to 1light
Paddington Station, the G.W. Hotel and neighbouring ponds yards and 1ines,
With over 4C00 incandescent lamps and 10T arc lemps it was sald to bs the
bigpest installation of mixed lighting hitherto made.1 Unfortunatoly
there were very conziderable tecthin: trou’bles,z ond Gordon hinself was
8o disappointed with the rezults thei in 1838 he said he was prepared to
abandon his own systes and every patent he hcld.j The Telegraph Construction
and Maintencnce Co, sec: to have felt much tho same about electrio lighting
in any form and when this installation was sold to the G.W.R. in 1887 they
left the elsctric lighting field.

The cnly other telegraph mamifacturer to begin the marmfacture of
electrical achinery at this time was the small pertnership of Johnson
& Phillips.k Firct they made are lamps but scon built generators as well.
Later they added switchjear, transformors, motors to their ranges Dut they
rez?ained primarily conce:rned with cables and their share in the market for
elecirical machinery was arpall.

The socond class of fira was that founded on particular inventions.
i'ost of the early el:ctric lighting inventors sold their patent rights to a
fim. Many firas were founded to buy those rvatent rights and mamifacture

the new product. In ihc ecarly 18308 the Inventions were often foreign.

o _ihid.. P 4k

2, :ibid., Pl.B-SfLr details.

3¢  ReHe Parsons, op.cit, P 37.

b 8ee C. Brooks, Jolmson & Phillins, London 1950,




The fellure rate was hi;n enong this type of firm.  All systems of lighting
in the early elghties hed serious practical difiicnlties; these firms were
often without edequate techndcal knowledpe and the qualily of general
menagenent wis often pacrs  The most cuccessful of these companies wes
Brush, bul c¢ven Brush had iis flave. As has been pointed cut it had the
best of the eorly arc lighting systcm.‘ As a result of this it seemed
very prostarous at first. 1381 was & very good year., 1881 & 2, the
compeny was also oble to sell concessions for tho exclusive right to sell
Brush equipment in various parts of the country for high prices. The
firat half of 1832 seemed so prosperous that in the sunisr an interim
dividena of 1005 was declared. Manufacturing facilities were wore than
tltmbled2 yet a3 we have scen the boom soon collapsed,

Tas rapid expansion of 1382 showed up cunsiderable wealmesses in
the munogenmont of Brush, Ths manufecturing pmrofit fell from £35,464 in
1081 to £33,713 in 1882 although turhover more tian doublsds As early os
July 1882 thore were doubls ebout the quality of the manegement. R. lamsond,
who a8 cne of the early purchasers of concessions was in a knowledgeablo
poaition, wondered whether manufacturing wes not running at a loss.’ At
the meeting of Junuary 1383 thero were accusations of bud managnaent which
were not very ua‘..isi‘actoriiy answared.k Noeanwhile sales were falling

rapidly, Brush beiay worse hit than the othor major companies by the collapse

1. ° Chapter 1. PP 11 - 12.

2. TFixed assels rose from £25,013 in December 1881 to £66,490 in Deocmber
, 1882,/
l .

3+ Brush meeting July 1862, Elect. Vol. 9 FP 285 = 6.

-60.
ke EI lect. V.10 P, 259 27 Januax'y 1883.
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of the boome DBy Moy 1837 tho Bruch Chairman resi;ned and tho Board
1
wna reconstructcde A considerable reorganisation of the Company

t'ollowed.z A nou Ceneral Monagoer ond Seervelary vies ap;_>ointed.3 Costs
were thoroughly investigated and cubstantial economies made. It was said
that general expenses were reduced by 50ls 2886t values wers also sharply
written down, |

Policy wes changed In two directionss Firstly the company wa‘m
no longer to rely on arc lighting alone. The concossionary compenies
formed in 1482 had couwplained about the lack of an incandescent lighting
systen in the patents thoy bought. 1In 1882 Brush had sought to remedy this
by buying for £50,C00 the patents of Lane~Foxe DBui they did 1ittle with
them at first except come 1o arran;emenis with their concessionaries to
sell Lane~Fox incandescent lamps as well as cre lighting equipment. But
after the’ reorganisation Brush began to devote more attention to incandescent
lighting, In 2383 W.M. Hordey, the company's chief electrical engineer
started work on a dynauo for incandescent lighting. In 1884 he produced
the successful Victoria dynamo. Incandescent lighting equipment soon
beoame importent, as is Shown in Table 5C.

Secondly the coupany saw that ceniral stalions were no longer
going to develop rapidly. It thcrefore repurchased concessions whors these
were for the exclusive warketing of Brush equipment in various parts of the
le Elect, Vol. 11, P 1. 19 lay 1883.

2, Elect. Vol. 12, PP 286 ~ 7. 2 February 1834.
3¢ The New Secretary wos E. Garke. Garke was boin in Germany in 1856.
In 1887 he becare manage: ol Bruchs In 1091 lanaging Direotors In

1893 he recigned from Brush and becazs .anaging Director of the E.C.C,
He left E.C.C. in 189k and from then onwards was principally concermed

with British Electric Tractlion.
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Teble 58.

Brush Sales of are ond incandescent lirhting equipment.

Year Valua of sales of % of total  Value of sales of % of total

arc lirhting sales incancescnet sales
equipment 1ighting equipment
1885 14,909 2342 19,438 37.b
' 86 6,713 1144 17,040 37.1
87 10,908 1440 13,980 26.8
88 2555 2371 17,03 242

Bburcez Historical records of Brush Electrical Engineering Co. Loughborough,

countrys So Brush returned to contracting work, often itself installing
its own plont for customers, |

) An exemple of a very poor performence by & £irm founded on patent
rig,hts‘ is that of the Electric Light and Power Generator Company, later the
MaximeWeston Blectrical Company., They began by getting the contract for
aro lighting in one part of the City, using Lontin arc lamps; they lost
ﬂﬁ 000 on & crntract worth £3,000. They then Bought the Maxim incandescent
lamp patents, & useful asset. In 1881 Vaxim came to Eurcpe to investigate
the use boing made of his patents. The U.S. Eleotric Lighting Co., which
held the Maxim patents in the U.S. considered that the London Company wes
not meking enough progresse In his eutobiopraphy Maxim tells us what
he found at the Bankside factory of Maxim < Weston.

"I have never seua onyiling like it 4n my life. The place was

unspeakably dirty, everything wes so out of order that we were tripning
over coppor wires everywhere; ihe windows were so thick with dust that thoy

admitied little light; and the fcv aen at work wore burning gas out of the
open end or' the pipe without any burner. In walking about the place I sow
& high priced Brown and Sharps milling machine. It wgs smothored with dirt
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and appooared 1o be in a very delapidnted condition. The roof was lea.k*.ng
and the machinery hed been rainod con and was slightly rusty in places.”

Only four or five ren were crirlAynd An the fectoryy liaxium otfered his ssrvices;
he woas offcred a guinea a yeer.

The company after their unprofitavle time with Lontin arc lamps
bought the patents of Edward We.*st:on.2 {hese patcnts cout large sums of money.
By March 1333 £113,8C0 had been spent on patenis, as against only £2,391
on fixed plant and £21,375 on stocks Also large swas hod been spent in
1887 on 1irhting instellations. &4,405 had oeen losb on the City
| lighting, £1,225 on the h?(etropol:ltan Railway lighiing, £382 et tha Edi.nimr@
Post 0ffice and £26 on what had been thought to Le a goud contract at the
Botanical Gardens, £1,868 had been spent on exhibitions. Dut all this had
bousht them no bus.'meés - by liay 1884 the loss ovor the grevious two years wes
£32,284. Business i:proved a little after that and omall dividerds were
padd bepinnin; 4n 1885. Yet it is not clear that profito were being
mode, for in 1888, when a new board of Direciors took over the auditors
discovered that assets were valucd at £17,4495 in excesa of their true value
of £2,,723. Trading results had not been truly stated in the paat."

The making of losses by LMim-$7eston wasd, oconsidering the
ciroumstances of the time not significant. But ithoy were very laxrge losses,
ths firs was obviously badly managed, It was 1un by business man, not

engineers, and what business men meant in this case was people with

1, Hiram S. doxim, Ify Life, London 1915. P 156.
2 For the work of Edaurd Weston see H.C. Passer. op.cit, FP 31 = 3h.

3¢ The above 15 ocsed on roperts end meetings of the kaxim-Weaton
Electrical Campany given in the Flecirician und the E,R.
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experionce in buying and sellin;, Patents wore to a larpe extent treated
as a connodity.  There wos no sorious attempt to monufacture plant,
although the company had a small factory. Thus the firm was usually one
stop behind with technical progress. Por example it anncunced with
dolisht in 1835 that the U.S. Electric Lighting Co. had decided to stop
using Maxim dymanos and lamps (becausa they wer: obaclete)s The English
firm wos thus able to buy large quantities at low prices.

More exemples of this type could be given. It 1s surprising
how many pood patents found their way into inconpetent handa. There was
often poor co-operation between inventor and company, and inventors rarely
di4 more than sell the patents,

The third type of firm beginning the mnmufacture of oleotrio
lighting plant in the early eirhtiea was the muchnnical on ineexing firm,
In mamr ways they were tho most suoceasful group, Elecicical machinery
was mich heavier than telegraphic equipment, dynamos had uwuch in common
with other rotating plant like steam englines and machine tools.

There were three important entrants from mechaniocal engineering
in the 1380s, The first was Crom?ton & 00.1 R.Z.Be Crouplon was an
ox Indlan army em;ineera vho was a partner in a small mechanical engineering
firm in Cholmsford. He came to the manufacture of eleoiriocel machinery
almost by amccident. He was supervising the building of a foundry in 1878

end experimented with new mathods of casting: pipes. The work got behind

1+ Croapton formed a series of partnershipss Crompton & Albright was the
prircipal one in tha 1080s, In 18¢8 it was turnecd into a Joint stock

companyy. I shall simply speak of Crompton & Co. (or simply Crompton)
thmughout.

2¢ See Chapter 1 P 16.
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1
end to hurry it Crompton decided to try the new arc lighting. He decided

to mamufacture arc lighting equipment himself because it seomed useful

snd because of deficioncies in the Gremme equipment, At first he merely
improved the arc lamp, but when he heard that Brush and Wallace Parmer in
the Unlted States wore using several arcs on a series circuit he set out

to copy them. At first he used the Granne dymamos at a high speed to

give the necessary voltage but mechanically it was not adequate for this,
Together with a Swiss, Emile Burgin, he dosigned a new high voltage dynamo.
He needed more space to manufacture it and the old partnership was diseolved
end Crompton took over the whole works. By Dececmber -1880 the first
Crompton-Burgin dynamo was ready, ocapeble of providing current for 6 « 8 arc
lemps, Crompton arc lighting. although behind Brush in the number of

lamps run from one dynamo, soon became successfuls The works at Chelmsford
soon had to be extended end by 1081 Crompton was said to be one of the three
most important firms, together ws.th Brush and Sicmens. But output was
Jrobably less than thﬁt of the other two.

Crompton seems to have been the first electrical mamifacturer to
make machinery apecifically for incandescent lightings In 1880 Crompton
began the msnufacture of dynamos for Swan lampc.z and in 1881 and 1882 when
& number of installations were made of Swan lamps, Crompton supplied meny

dynamos.

1. R.EOBO cmptm. Renﬁniscenses; PP 81 - 2' )

20 R.E oD Crompton. _gcmmcenocs P 95‘
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Althoush a fim with less financial resources than Brush or
Siemans, Crompton was sufficiently optemistic about the future of electric
lighting to ba involved in a scheme for a central station in Birmingham.
Most of the money was to be supplied .y 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
a lot of money.1

The second entrant of this type was ilather & Platt Ltde It wes
& long established firm and in the seventies it was principally engaged
in the manufacture of textils finishing machinery. In the eightiea under
. the direction of Sir Williom Mather2 three important new lines of
manufacture wore starteds Two were as a result of a visit by Mather to the
UsSeAs in 1882 « 3. There he acquired the English patent rights of the
Edison dynamo end the Ginnell t;.’,pm-:t.nk:ler.3 As a result the company begsn
an elactrical department and an automatic fire protection department,
Mather also started a pump department based on the development of the
designs of Professor Osborn Reynolds of Owens College for centrifugal pumpse

The now electrical department Bad first rate technical advioce.

l, R.E.B. Crompton., Reminiscences. P 109.

2, Born 1838. 1855 articled to his fathers and uncle's works, 1858
he beca:e assistant monager. Visited Rusoia and the Continent 1859 « 63
and Americon 1682 « 3. He was the first Chairmon of the Castner-Kellner
Alkali Co., in 1895. He was thc Chairman of the Chloride Electrical
Storage Co. (battery manufacturers) from 1391 ~ 1896,
(see Sir V. Mather. Ed. L,E. Lather. London 1925%)

3. The antifire sprinkler was invented by F. Ginnell of Providencs,
Rhode Island.
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1
John Hopkinson, Professor at Owens College was appointed consulting /

electrical engineer. He redesigned the Edison dynamo according te
scientific principles, A machine for 150 lights after being remodelled
and constructed according to lopkinson's principle was capable of supplying
current for 250 lights.2 Together with his brother Edwards he designed
the "Manchestor"' dynemo end motor in 1884, . The Edison-Hopkinson 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 small electrical machinery
manufacturer emerged'out of mechanical engineering in 1882, This was the
partnership of Elwell=Parker. One of the partners was Thomas Parker.

Born in 1843, he had been employed by the Coalbrookdele Company from the
age of 9, and had becoms the manager of the engineering side of the business,
Throughout the late seventies and the early eighties he had been interested
in dynemo designe In 1882 he Joined Bedford Elwell who wes in business
in Wolverhempton as a Patent Tip and Horse Shos Company. An electrical
department was started, which, at first employed only three wen, but |
expanded rapidly after 1885.'.‘

During the middle and late eighties a mumber of established
mechanical engineers added an elsctrical department, Also a mumber of
1. Born 18,9. Died 1891. An extremely good mathematical engineer, At

" Combridge he was Senior Wrangler in 1878 and first Smith's prisemen,
In 1871 he became a F.R.S,
2. EJ.R, Vol. 43, PP 338=9 2 Septomber 1898.
'3« See Chapter 5 P. 19.

be Electrical Times Vol. 59 PP 405 = 408 28 Aprid 1921.
The Early days of the Electrical Industry.= the E.C.C.
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small partnerships with a gonoral engineering background began to make
electrical machinery. They usually made only dynsmos for use with the
lamps of othor manufacturers. An important reas:n for this was the
exergence of principles of dynamo design. In the early eighties the
design of electric lighting machinery was a question of inspired empiriocism,
Until 1881 there were no standardised units of electrical measurement

and instruments were primitive in the extrems, Crompton was said to
design dynamos by locking at thems Changes in arc lamps involved changes
in dynamos. If pieces of equirment were put together whioh were not -
designed to be run topsther a large mumber of incalculsble adjustments
would have had to be made. But by 1882 « 4 much more was kmown
scientifically, and it was less necessary to treat arc lighting equipment
as a unit. Nevertheless it tended to be so treated utitil well into the
1890s, In the case of incandescent lamps, the situation was different
fron the early days. Swen made only 1i;ht bulbs and relied on dynamos
bought from outsido.. In 1880 = 2 he used both Crompton and Siemens
dynamos, .and from 1883 onwards Edison-Swan bought a mumber of dynamos from

Xather and Platt.
Once tie principles or dynamo design wore known, other mechanical

engincors started to produce them. From an engincering point of view this
was to be expected. They had experience of non-clectirical rotating plant, ,
stean engines, machine tools eto. and this gave them advanteges, as wany /
of the difficulties with early dynamos were mechaonical as well as eleotrical.

They rotated quite rapidly for tho state of engineering knowledge.
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Clearances hod to be quite small beilween armature and fisld coil for
the efficiency of thoe machine to be highs Although machines wore tiny
by later standards - under 50 KV for most of tho eipghties = these were
mich bigger loads with correspondingly greater machanical strains than
were involved with telegraphic apparatuse Fowlers of Leeds, makers of
steam engines and agricultural machinery, Greemwood and Battey, engine
builders, W.H. Allen, alsoc engine builders, Clarke Chapman, marine end
gensral engincers, were emong the eatablished general engineers who
"started esmall dynamo departments in the middle ond late 1880s.

The possibility of using electric motors in factories attracted
more mechanical engincers, espceially those alrcady making rotating tools
driven by steam engines or shaf'ting. Often a special motor was needed for
a special tool., There was scarcely any eleotric power in the late
eighties but one firm of mechanical engineers at least, Easton Anderson
and Goolden saw the possibilities of electric cranes as early as 1838,
They were foraed by the amalgamation of Easton ard Anderson with the
ampll firm of dynamo builders, W.T. Goolden & Co.

During the elghties electricel machinery manufacture was highly
concentrated, Table59 glves what figures can be collected of the gross
output of four of the major firms in the 1830s, The only magor firm
ertirely omitted 1s Elwell Parker &uring the second half of the eighties.

It is doubtful if its turnover was bigger than that of Mather and Platt'a
electrical department. Brush Siemens and Crompton seem to have had a

very larye share of the market in the early eighties. After 1882 their
share scems to have decclined, but they remained very important. It is

not likely that the oggregate output of the small firms was very large.
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eighties we have quite good information about market shares,
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200,000

35,000
48,771
59,122
5l 089

10,74 ”
98,629

Table 59.
Gross_output of electrical machinery,

Siemens
18, 360

55,840
83,780

73,439

13,985

K/A

Excludes incandescent lamps,

Bstimnted from output in KW,

1,191
4,848
6,337
10,0354
14,400
17,0
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3

¥ather & Platt Orompton

2}.313 rate of ‘ 70.0’1

If wo include production at the Brush factory in Austria output h
£80,7u6 and £115,629 for 1887 and 8. | _

In the case of incandescent lighting dynamos in the middle

Brush hom

iuportant patents covering tho best method of winding constant voltage

dynamos, Thoy were willing to issue licences if a royalty of 1G/= per

XW (5 = 100 of contemporery pricos) was paid.
If we assume= on literary evidence = that Crompton's

refuse was Cromptan.

The only major £firm to
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output of incondescent lighting dynsmos was equal to that of Mather &

Platt, Table 60 can be constructed.

Table 60.
Shares of the market for incandescent lighting dynsmos

early 1886 « end 1887,

-Paroentagc.

Brush 30
Siemans | 19
Crompton 16
Uather & Platt 16
BElwelleParker i1
India Rubber & Gutta Percha 3
Manchester & District '

- Edison~-Swan 2
Others 1% and less

The arc lighting equipment market seems to have been more
concentrated. Literary evidence sugyests the manufacture of arc lighting
oquipmant'was primarily in the hands of Brush, Sicmens and Crampton.

By 1883 the three principal firms were moking multi-arc dynamosy Siemens
and Crompton made them for up to 12 lemps, Brush for up to 40 By 1888

the mumber had risen to 28, 30 and 55 respectively. The lamps had been

standardised at about 45 = 50 volts, and were now built to burm up to

about 15 hours. Siemens had thus followed Crompton in producing a systeam
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liko thot of Prush, Arc lighting, however, nover developed in this country
a8 1t did in the United States. This wes partly beceuse it was 1ittle

uscd in the sireets. Arc lighting equipment was a declining share of

Brush output 1885 = 8, and we may essume both that this was true of Crompton
and Siemens and thzt the percentege continued to fall,

The collapss of the boom of 1882 adversely affected all
manufactursrs of plant, although the magnitude of the effect varied very
cansiderably. DBrush, the one who hed expanded the most was the worst
affecteds The company employed 8C0 men in 1882, and by 1886 the number
had fallen to 300, Siemens' output fell by only 15% Crompton who did
not expand in 1882, doubled the size of his works in the deprossion year
of 1883;,1 and further expansion took place in 1.881‘-.2 This rise in output
seems to have been due to Crompton's concentration on expanding the
demand for isolated plant. Siemens soon followed, and then Bmsh.’ By
1885 demand had risen cnough to keep the principal factories fairly busy.
Crom>ton was doing particularly well and was even able to keep a night
shift going.

The value of output by 1885 was, however, well below that of 1882,
Prices had fallen very sharply, partly because of the sales of equipment
of t"irms going into liquidation. Even though tho aggregate amount of plant

sold for this reason was smpll demand was inelastic in the short run.

ls Elect. Vol. 112, PP 184 = 5, Januory 1884,
2, Elect, Vol. L4, P 161, 3 Jenuary 1885.
3¢ Orompton, Reminiscences P 110,



This factor was said to be particularly iwportsnt in 1886 when prices
fell sharply. Price data ere sparsc and difficult to interpret becsuse
of the varying sizes of equipment. DBut onc conrentator stated that the
price per KV of an 80 KW incandescant li,hting dynamo was £29 in 1882 and
only £6 in II.BB'?.1 Other data is consistent with this. The fall went
on all through the period 1882 ~ 884 Brush arc lighting dynamoc s0ld in
1885 at an average revemus of £1743 by 1883 average revenus wos only
€113 Tbe sverage revenue of Brush incandescent lighting dynamoa fell
from £125 in 1885 to £112 in 1868, But the size of dynamo was probably
rising and this would cause the fall in jwice to be underg¢stimated,
Brush arc lamp prioes, where there is no size ambiguity fell from £11.h
40 2685 to £8.1 4n 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 heree In 1883 the Ring Theatrs 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 thon enything attempted
in England; for exsmple the generating station was a mile from the theatre.
Crompton's acheme, using Willans « Crompton gencrating sats and a 5 wire
d.o. distribution was a forerunner of the London stations of 0.,1890 and
the first instance of the very successful British practice of direct
coupled en;ines and dynamos. By 1336 the plant was working and Crompton

went in search of more Continental ordors. In tho next few ycars he visited

l. W. Lafint Carpenters "On the Position and Prospects of Electrig Light;m
in the 'etrono.is". ilect. Vole 22, ¥F¥ 248 = 9« 1) January .

2¢ Brush Historical Records.
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Cothenburg, Stockholm, Copenhagen, Belgrade and Sophia. But he got few
orders and in his autoblography states that this waes because of the
credit facilities given by the German banks who backed the German
slectrical memufacturcrs. British bankers refused to give him oredit
to be extended to his wstomers.1 In 1386 Brush, whose sales to the
Continent had been "hampered by high tariffs and great competition in
North Germany™ bought a factory in Viemna. In 1587 and 8 the output
of the Vienna factory was about 10% of the total Brush output.
- Because of its connections with Siemens & Halske, Siemens did
not seck warkets abpoad, Siemens seems to have withdrawn from electrie
lighting more than other firms. This may have been parily dus to the
death of Willlem Siemens in 1883, I% nust also have been dus to the
high level of domand for submarine cable end ito considerable profitsbility
durin:g the 18805.2 The Electric light depertuwent showsd regular loases
from 1}380.,- 84 except for 1832 when a very small profit was showne The
departure‘ of Ed;vard Hopkinson in 1833 may be a farther indicator of a
contraction of interest in the field.

Total exports of clectrical equipment were substantial. The

figures in the statistical sbstract relate to all electric lighting

apparatus, But it iz possible to maks a guess at the grows output of

1, Crompton Reminiscences FP 117 = 136.
20 see J.D‘ Scott. QE'Cit'I H, 6‘} - 5.




Siemzns Bros. The Electric Light Depte Net profi.t
a8 a percentage of soles and stook,

2680 - 335
81 - 22,2
/ 82 + 0.7
83 . 3.8
&, | - b

Losses include losscs on lighting 1nstallatiom which
were heavy 1880 - 2,

Source: Slemens Bros, Historical Records.

/ 1
olectric lichting plent.  In 1886 exports were roughly 304 and in

1888 roughly 350 of pwoduction. Inports were not recorded in any
satisfactory form until 1903, T

1o The ouiput of Brush and lMather & Platt is given 4n Table 59
"~ An estimate for Siemens and Crompton ia.taken from the level of

their sales at other times. I assume Elwell-Parker output was the
same as that of llather & Platt, Let us assume that these firms had
the same sharo of the markcet for machinery that thoy had for
incandescent liphting dynomos. Edison~Swan output of incandescent
light bulbs is known. Let us assume they had a 79, share of the
market in 1886 and a 90, share in 1888. The resultant estimates
of o3 outpui are £3510,030 in 1856 end £,81,0C0 in 1808, This
doos not include the output of cable firms, but cadles exported
oxcept as part of ascembled electric lighting plant would be ;
separately enumerateds Cables sold other than as part of eleotrio
ligiting equipuent would be excluded fram production and exports amd
cable sold as part of electric lighting equipment included in both.
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The second cycle in the demand for electrical plant is from
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1838 to 1895. There' was a big upswing from 1883 to 1891 as central station

supply at last began, The value of ocutput of electirical machinery seems

to have roughly trebled. After 1891 the value of output seems to have

continued to rise, although at a much slower rate. What figures we have

however suggest that it may have risen by as much as 15 = 202 between
1391 and 1895. But it was not a steady rise. From 1391 « § prices
. fell sharply and there was probably a faidly considcreble rise in the

volums of output.
,The boom brought about a considerable expanasion both of the

muzber orvproclucers, and of the major firms. The market contimued to
be highly concentrated. Five £irms supplied the bulk of the trection
eg.xipnent for the new central stations. We have figures of dynamos
ma.talled by msakers measuréd in KW, ond because it was at that time the
usual practics to eward the contract for all the'electrical equipment,
except the cables, of a central station to one firm the figures are
reliable indicetors 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 mode for chenges in
machinery. The only major change was a rise, not a very large one, in

tha size of dynamos. Home manufacturers took this in thelr stride,
Soms, like Crompton had already been making central station plant for



Table 62.

l‘.nmfe.cturorfs oI‘ olcctrioal sachinery

1382 1804 2800

Dynomos | 16
Yotors | 2
Ave Lags
Trensformers
Hoters 2

Traction Equipment

The deta havo been token froa a

different nubors of fivras,

Scurces Blecirioal Tredes Directory.

19 4,
15 a7
16 27
11
5 11
1l

BLWDI‘B Guido..

Table 63.
Dynamos installed by 5 prinoipal fir-o in Central Stations

B.C.C,

Brush

Slemcno

lathor & Platt
Crompton.

Source: See Table 80.

n 2o the ond o

3100

11000
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592

1350 1893
12 7
5 W
¥ 52
23 2

. 20 22
N 8

1598

69
L9
51
21
18

Whenever possible
epents supplring equimment rads Uy other fivcs have baon ensluded
tut 1t 1o not poouible to gmranteo that this has boen entiroly
donde Tho wethod of clacniflcalica hos overluepplug catagordes,
and in gome cases apparontly aimilar categories contain mariodly

B

F & & &K

% of totals

This haa Loen allowed Jor au much

Buyers Guide. Various years.
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Pable 64.

Grons output of the major f£ims 1888 - 16. £000
. k)

Year Bmsh1 Siemmz Croapton BE.C.C, Mather & Phtt’

1838 125 | 17
: B . 2y

80 . - P 27
o1 223 %0 " 20
92 200 83 125 130 . BT
s 25 12 . a
% 29 120 150 97 22
% 258 : u2 b 15 19
9 258 154 126 39
g - U0 181: 127 102

+ Dstivated from size of stocks plus work in progress ond statistios of
. capital: output ratio. ‘

1. Inocludes engines and tramvay rolling stock after 1590,

2+ Dynamo department output.

3. Estimated from KW figures at an average revenue of £10 per KW
AR, data for Mather & Platt mechinery support this.

Lo Includes E.P.S. Storage batteries, end may include sales of “paper”

S8ources: Brush Historical Records
Sicmens Historical Records
E.C.C. Iistoricel Records
Cranpton [Iistorical Records
+ther & Platt name plate books
Various stataments at company meetings.



334

exporte The inoreasing size and weight of electrical machinery was part
of the reason for the Brush move. The heavier work was to be done at
Loughborough and the lighter work in London. It is also shown by the
expansion of Elwell=Parker into new and large works, into a fsotory from
workshop.

The other major way in which the 1888 - 1895 cycle differed from
that of 1879 = 1887 was that the boom was successful in launching eleotric
lighting, and as a result of this thers was no catatrophic recessions
The bullding of the early municipal central stations indeed led to a
continued increase of demand, Yat the falling prices of 1891 = §
in some ways seemed to do more damage than the collapse of 1883, For
during the middle ninsties the British electrical machinery makers
bega/n to fall technically far behind the Americans and the Germans
in engineering progress. In the late eighties and early nineties they
were not backwardy the changs seems to have come very quickly. As
we saw in Chapter 2 they showed considerable ingenuity in designing the
sarly London central stations. OQutside London the E.C.C. built sucos:sful
oentral stations for Oxford and Wolverhampton on the high voltage d.o.
syatem, Although not the ’x:ight solution to the electricity distribution
problem.it wqé v;“ell worth' trying. 1In 1892 J.S. Raworth of Brush made a
very important innovation in switchgear. He placed switches in metal
pillars for the Wandsworth station of the County of London Qo.:.1 Paulty

f
switohes were common at the time, and more than one central station was

1. R.H. Parsuns, op.cit, FP 165 = 6.



335

very severely damaged by fires caused by arcing at switchers  T:o Trworth
pillar was the forerunner of the metaleclad swilciiiis used with s~reag
success from 1905 omards.z Several very g'"-’ -J.est.llcal and- m=chanical
enginecra worked for the mamufacturing compenies, J .b.\Rmnrth, V.M. Nordey,
R.E+B. Crompton and Th.mas Parker were all first class enjineers.
However by the late ninetios ths E.C.C. and Crm(; on and Co,
hod quarrelled with Parker and Crompton, Mordey and Reworth had left
Brush. English manufacturers msade no attempt to develop traction
squipment after 1891, despite their good start,s The great new develope
ment in the early nineties, polyphase a.c., they ignored entirely.
Some explanation for this is to be found in the workings of the recession
ét‘ 1891 » 5, soms in the nature of the capital market, | and some in the
world.ngs of jJointestock companies at the time. '
The recession was in prices and not in outgut.j and this call
in prices is at first rather surprising when demand was growing, espeolally
as thore is no real evidence of overcapacity at the end of the boom.
On the ave:age the major firms scom to have been fairly fully employed
by 1891, ond in the following years slightly expanded capsocity to allow
for rising output. The number of producers rose sharply from 1837 = 90

but not afterwards. There is no good evidence sbout the activities of the

1. ibid,, PP 26 ~ 7 and 77.

2, H.W. Clothier, Switchpear Steres, Newcastle upon Tyne. 1933.
P 17. Letter froa i.il liordey.

3+ English manufacturers also exported plant. Both Brush and Cro. pton
" 4nvosted in Australian branches. These becoms vory unprofitable
with the Australion depression which began in 1891. Demand was

nevertheless dominated by home demand.
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small firme end firms with a tmall electrical department, but what does

exist suggests that output was rising 1891 « ) and thet they were working
1
olose to capacity. Despite this contemporaries noticed "unrsasonable

price cutting”". As early as 1893 the Elgcirical Review had a special

leader on the state of the electrical industry commenting,

"In spite of tie rapid extensisn of electric 1i~hting and the
abundance of work ..... we really question whether the state of the mdustq
wos ever more unsatisiactory than it is at the rresen’ moment .......0..
Although most workshops are fully employed competition is responsible for
tie cutting dom of orices to such an extent that the narrowest margin of
profit is left; .... in many instances the acceptance of tenders must have
resulied in actuol 1058 «.... a few days ago a well known dynamo makevr
remarked that his firm considered when tendering that if they added 10/
to the total works cest of a dynamo they would exnect to lose the order.

nd
s Eleotrical plant was usually built to order. This wrs true of
work for isolated plant as well as central stations. An individual order
was often iargo rclative to the outmut of a firm. An extreme example
i3 provided by the Drush contract for tha City ol London Co., begun in
1891, It was worth over £300,000 when the firms average annual output
vas gbeut £250,000.5 With intermittent large orders queueing theory leads
one to expoct either very long delivery dates or that firms would find some
part of their capacity unemployed peri’.cﬁically. Capacity does seem to have
been high enough to keep deliver:;r date:.s fairly short - 1.e. not much longer
than thz avera:ze tiiee of manuf-cture at somothing arproaching a maximum

s
/

~le E.R. and Elect. Reviews of 1890 1 92 .
i E'I_ct. 2 and 10 J%nlﬂry 1891, 1 1%39 915 ann%sry 1893, 5 January

1\3)’4., Jmm 1895, 3 Jdlhary 1806 J.R 6 J‘m.ry 1893’ 5 Jm
189, 12 January 189 and 19 January 189%.
2, E.R, Vol. 33 FP 85 = 7. 28 July 1893.

5. Eleoct, Vol. P 18 September 1891
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1
rate of worke  Also references in company reports do suggest short term

variations in the degree of utilisation of capacity.

Costs varied 1ittle with short term fluctuations in output.
Capital costs fell only slightly as work in progress rell.z Labour costs
fell 1little as skilled labour was largexy.emplqyed. and ocould not be
varied in quantity in the very short run. Thus when capacity was
underutilised there was a temptation to quote low prices.

‘ If prices were falling for this reason one naturally wonders
why oapcity should be rising. But the techmique of production coupled
with large irreguler orders provides en answer. Elecirical machinery
was made by skilled labour with relatively simple multi=-purpose machinery
in %argo erecting shopsi Building a new shop was expensive but once one
axiﬁtad 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 oreated
firms would wish to use this capacity which could then exeroise a
dampening influence on prices.

These factors were reinforced by the fact that successive jobs

differed widely. Small improvements were continually teking place in

1, This concept is unfortunately far from precise. But all that is ,
i.iplicd here is that, pgiven usual techniques of production, a piece of
machinery took (rouchly) a minimum time to manufacture. This time
could not be reducecd without a chenge in tcchnique becauso of limits
on the number of men who could work simultangously on it and the
traditional liuits to the workin. day. In the abscnce of any
detailed evideonce it would ve fussy to worry too much avout pricision.,

2, There are tvo mony difficulties in figures of capital employed and too
fow output figures for onc to be able to say much ebout the importance
of capital costs. The fixed capital and stocks: output ratio seems to

thawae Maam ahAnéd 1_&_ ’Phn f‘nn4+n1 ‘n ﬂimm_mm*_n"‘ﬂ AAses o
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design. Firms undortook a wido range of jobs and there were few Jobs.

in the aggreyate.  Also customers ofton hed firm views about the
specifications for a job and thoy usually differed from each other. Thus
the cost of a Job could not be foreseocn accurately. Under pressure

firms were optimistioc about costs. .

There was a change in the method of selling plant to central
stations in the first half of th- nine‘ties which intensified the forces
which could lsad to low tenderings In 1808 = 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 of the plant, and
subcontracted for items he did not wish to mamufacture. Sometimes the
engineer to the supply company was also a marufacturer, two notable cases
being Crompton and Ferranti. Dut this system soon gave way to the
techniques of employing a consulting engineer.1 Ho designed the plant and
specifisd more or less closely the desired operating performance of the |
squipment, for example the efficiency of transformers at varying loads amd
the stoam consumption of generating units. The tradition beceme quickly
established that these consulting engineers should be independent of the
manufacturers. Naturally there was a period of transition. In 1893 the

Electrical Review commented several times on the alleged connections

1. B.R. Vol. 33 FP 85 = 7. 28 July 1893.
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1
batwoen consulting encincors and manmufecturers.  Dut by 1895 thay de

snas to have bacome indapenient. The change wns lor ely, the result
of the bogluning of m nicipal electrioity aunply.
The changs had two dmportant effocts. In the first place
spooifications became more dotalled. Variotions in the opersting costs
of ths machinery of different mokers were thus substantially reduced,
In order to got the plant with the lowoat total costs (capital snd operating)
buyers could simply cohoose the lowest tender. Competition detween firme
moved in the direction of more price compeiition, eway from product competition.
The Giatinction 48 ons of emphasis; too much can de mnde of 4t but 4t i»
plensible to suppose that in fact if not in logic price competition would
reduce profita much more rapidly in the short run.
In the second placs closer spocifications, togother with the
attitude of municipal purchssers in particular, brough!in the apparatus
of guarantee ond penalty clauses, lLunicipalities generally mistruoted
companies operating fér profit. luca of the work caxaissioned by
miniciralitics in the past was bullding work where they had been confronted
with local monopolies. Thus thoy hod otiff contreot termsn, one of the
| important clauses being that the corporation's engineer ahould be the
l¢ Thore was adverse comuent whon Re Hrnnond becero a consulting engineer,
Tho Eloctrical Povicow canploinad that "ho connot pose as an independent
. consulting encircery ho 1s otill o'\ﬂnly connocted with ti mamfaoe
turing and controcting departmonts of &4 or 5 difforent companica.®
LR, Vol. 33 P 242. 1 Se‘ztmuer 1893, It wao alco alleged that
Ham:ond's connections with J. Fouler ¢ Co. led to tho accoptance of

Fowler's tender for Cove'xtry. E.R. Vol. 33 PP 670 and 701,
22 and 29 Dececuor 1893 and Nmport. B.Re Vole 340 TP 35 » 7.




sole Judge in disputes between contraclors and the corporation, Penalty
clausea were strongs This type of contract wes applied to the tuilding of
electricity supply stations, where sellers had mich less monopoly power.
The machincry manufacturers were not in a poai.ﬂon 10 resist these 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
8 long way away. Yet if the firm failed to mael its guarantee it could

be very expensive, This factor often lowered profits even though it did
not lower prices.

Even though electrical machinery manufacture was highly concentrated,
firms 4id not in sny way act togelfher to keep up prices. On the contrary
they cut pricos as soon as there was a possibility of working under
capacitys Crompton in particular became somewhat notorious for tendering
low prices. At the anmual 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 was difficult for any firm to get profitable contractis unless they
took financial risks, The Chairman‘'declared that business could not be
obtained unless the tender was very low.1

There was another dmportant reason, in addition to those discussed

above for the fall in prices 1891 = 5, This was the state of mechanical

de ..E..?.B.‘ Vol. 37. PP 228 ~ 9. 2} Al.lgUSt 18960



enginesrings  Many of the firms cntoring the market for electrical
equirment. in 1838 « 90 were established mechanical engineers, who added
an electrical departmont. In lb89 and 1890 the Fconomist reported that
mechanical engineering wus very busy and proaperoua.1 Then prospects
began to wane end 1893 wes & ycar of “parti&xlar anxietly and dcpmsaion."2
In most branches mamtacturers were working woll Lelow capacity.
Employment wos below that of 1892 and prices and profiis were low,

" But electrical ongineering wos relatively active. In 139, mochanioal
méinoera » iron founders and machine tool makers were depreased,

But the demand for electric dighting plant continued to be highs

kuch work was done by "those ‘who having had experionce as makers of

steam engines, have added the mamufacture of special electrical
3
appliances.”

/- The accepted way to develop a new lins seems to have been to
charge low prices until there wore satisfied customors. And the elasticity
of demand for electrical plant was low. In its 1893 article on price
cutting the Electrical Review argued that the principal reason for price
cutting waa. "edvertisement's "There ars many notorious exmaples or work
done at a loss, simply to attract attention.” It thought amall firms were

l¢ The Reviews of the year,
2o’ Ecomumint. Review of 1893. Sup;lemont to the issue of 17 Pobruary 1894

Je  Econamist. Review of 18%. Supplerent to icsue of 16 February 1895,
the Elcctrician also camrented on the competition of thoso who combine
elecirical and mechanical enginecring Vol. 35 P 716, 27 Septexber 1895,
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mainly responsible for lesding prices dovm, "

"It is no uncomnon occurrence to find in a list of tenders some
three or four of the largest firms 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 firms would undertake it."

The recession reduced profits. But manufacturing firms were also
handicapped by the structure of the capital market. As J.B. Jeffreys
has ahaama the capital market was to a large extent geared to dealings in
fixed interest securities, They were what lenders most wanted to purchase.
But he has also pointed out that in the eighties and nineties there were
considerable supplisd of funds which bought ordinary shares' in time of
booms However, in the case of the shares of electirical companies there
is a difference between the eighties and nineties. In the boom of 1882 At
wes easy to raise money for elecirical enterprises, in the boom 18838 « 91
mcl.l less easy. The spoculation and over optimism of 1832 and the
subsequent losses by sharcholders made lenders very cautious concerning
olectrical, enterprises. Matters had been made worse by the practioce,
common in 1882 = 3 of issuing partially paid shares and making calls when
the company's output slumped. Elec;trical manufacturers had to borrow at
loast some of the money they required at fixed interest, even in the boom.
Suoh was the case with Brush, At the end of 1838/beginning of 1889 soms
now shares wcre issued bringing.in £4, 640, In 1809 a call was made in
partially paid shares making them all fully paid, and scwe more issued, raisin
£24,356. As late as 1892 £11,223 wes raised by the issue of shares. ﬁt
1. E.R. Vol. 33 PP 85 = 7. 28 July 1693.

2, Trends in Business Orpanisation since 1856. Unpublished London
Ph‘D. tmsis. 19ﬁ.
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in 1890 Brush issued £75,000 of new dsbentures, Yet sven fixed interest
borrowing could be difficults Crompton socemecd to bo particulﬁrly
unfortunate. In the end of 1889 and first part of 1890, £25,000 was
raisod on 5. debentures. DBut an attempt to sell another £25,000 of them
did not succeed. They wero offored to the publio in the summer of 1890
by ¥arch 1891 only £10,800 of them had been sold. In the autumn of

1891 an attempt was made to sell £50,000 of preference sheres. But thay
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 1894 the directors ehked for power to borrow
up to £100,000 in 4i% debentures. They were to pay off £5C,000 of
existing debentures (presumably most of ths socond batch of 58 had been
8sold by then) and the loan from the bank which was £18,000. Although

by August 1894 the purchase of only £32,000 of these debentures had been
promised, by March 1895 £82,850 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 excepi; at fixed intersest, in other
caces encouraged financial menipulators. The E.C.C. suffered badly in
this way. The firm started with the ;iesire to help the extension of
electric lighting not only by supplying mechinery but by providing finance.
Some contracts were paid for partly in cesh and partly in shares. Large
suns were spent on backing Lane-Fox in a patent sult against the Kemsington

1
and Knightsbridge Electric Lighting Campany. There was also considerable

s

1. On the parallel comection of incandcscent lamps.
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buying and selling of patents, licences and oth:r speculative paper.

Prefersnce shares afil debentures were issued to pay for alleged increases

in business while a3 early as September 1892 the ordinary dividend was

passed. Some of this activity was probably fraudulents The Chairman

of the E.C.C. was Jabey Balfour, who was also involved in the frauds that

‘

btrought down the Liberator Building Society.  In 1892 Balfour was exposed

2

and fled to South America.

Borrowing difficulties pressed particularly hard on the electrical

monufacturers 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 1890s these shares were of new companies eand they yielded a very

J

+ low retwrn. Often no dividends were paid for the first few years.

The mnioipalitios , happily for the mamufacturers, paid cashe But they usue

ally did not pay promptly, keeping a large share of the payment until the

equirment was erected and working, Brush claimed in 189 that it hed

£50 » 60,000 tied up in this way,

1.
2,

Je

be

R.C.K. Ensor. Enplsnd 1870 - 1914 London 1936. P 323.

See also J.W. Becke A brief history of the Elcctrical Power Storags Coe
Unpublished typescript in the library of the Institution of
Electrical Engineexrs.

The return on such assets was low even aftor the 1890s. Data is
availeble for two companies. For the £.C.C. in the 19 years belween

1896 and 191, the percentage return was abové: 5,0 for only two years e
when undistributed profits invested in a reserve account are included »
end for 9 years was below 30 These shares hovever included E.P.S.
shares. Fop Brush figures are available for 9 yeara between 1901 and 19)
The rate of return was above 5. for only two years, and below 34 for

five years.

~El_qgt_. Yol. 35 P 716. 27 Soptember 1895.



4>

The big increases in lending to consumers came during recession
porlods, when electricity supply companies could not cosily sell shares,
and whon compotition among the manufacturers was at its strongest,
Lending inecreased much more rapidly than output. The best finanoial
figures avallable relate to Brush, and are gi'ven in Table 65.

Falling prices secm to have Squeezed profit mnrgins from 1891
onwards,  But as output ’was rising and capacity could be added at the
margin quite cheaply total profits generally did not decline until after
1894. Nevertheless lending to customers reduced the rate of return,
Brush i3 the only company for which we have good figures, They are |
glven in Table 66 ere probably ‘fairly 'l:ypf‘.oall,.1

For a tewporary recession profits were not very low when
calculated in this way., But the return on {ssued capital was
considerably smallers. In the case of Brush the return on issued capital
Plus loans seems t:) have been 6 « 77 in 1892 and as 1ittle as 2.5% in
1895. The difference between liabillties and ascets was largely made
up of the value of patents. The market for patents was very volatile
and 1t is impossible to say mich about their value. Nevertheless there
can be little doubt that firms consistently overvalued their patents,

They often aimply paid too much for them.

The combined effect of falling prices, rising ledding to
customers, borrowing heavily on bonds, and past overcapitalisation of
patents and poodwill would easily produce liquidity difficulties, 4As a
large proportion of output was in a few large contraots profits could

ls Beo Table 74 for profits of Brushp Crompton & E.CsC. in the ninsties
calculatoed in a 8lightly different way.
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Table 65.
Brush sssets 1857 = 1895.

(1) \ (2) (3) (s)
Fixed capital Stock & work Shares in Not trad
/ in progress :  other lending
' companies
& Py £ £
As at June
1887 ... 82,738 64,448 988 33,262
1890 13,701 84,468 11,534 16,638
o1, 128,551 78,326 15,092 32,73
92 138,04 7,390 39,399 27,491
93 LT, 9,556 42,732 78,455
% 151,660 114,681 42,915 86,367
%/ 15,8 100,629 61,257 96,543

f
!

'
f

1. PFor some years

2., Debtors minus creditors.

Source:

fipures are estimated by interpolation.

The rapid rise in financial assets (3 & 4) stands out.
1890 and 1895 they increased by 4604 while real assets (1 & 2 ) increased

The experience of the E.C.C. 1ls similor.

Between

Brush annual reports and statements at annual meetings.

No figures are

available before 189%. But betwcen 1894 and 1896 the value of output
rose by 30,,, fixed capital rose by only £7,077 (24) end stocks end works
in progress by £15,026 (35/) while finonclal assets (net trade lending
plus shares of other campenies) rose by £37,053 {35/
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Table 66.
Brush profits 1890 = 95.

ngita % on items (1) & (2)

Year ending

June

1890 20,029 %1 ‘ 8.1
1 23,854 115 ek
2 55.661 16.6 nolln
LS 35,281 133 8.9
5

15,3% 6.0 37

Sourcet Brush annual reports and statements at meetings,

Accurate calculation of profits is not posaibles The published fignres
aro given net of debenture and other interost payments. It is only
possible to make a orude adjustment for this,

fluctuate suddenly., Sometimes penalties led to losses on big contracts
which would hitherto have been profitable. Somstimes costs were badly
underestimated. Brush ran into difficulties in 1895 because of a loss
on the City of London contract. Gonerally Brush profits were fairly
stable, On the other hand the profits of the dynomo department of
Siemens show very considerable fluctuations.

Those liquidity difficulties secmed to have caused considsrable

1
tension betweon tho engineers and business men 4n several of the large

ls  d,e. men simply with couzercial experience.
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Table .67.
oliemens Bros. rProfite on elecirical machinery.

| | £

88 1,646
/1889 O e1,6%
1890 17,823

1,226
629

» 12,577
* 4,155
9,82,

WVt W N e

Sourcet Siemens Bros. Historicel Records.

firms,. _From the early days business wen had an important ssy in the
policies of eldotrical firms. Control-or partisl control = by business
men was part of the mrice of becoming a Joint stock company. Eleotrical

* manufacturing firms tended to be ountrolled by engincers only when they
were small partnerships. Brush had always been controlled by business

mens In 1588 - 9 Elweil-Parker beceme part of the E.C.C. and Crompton

and Albright becauws Crompton & Cowpeny Lide In 1890 the Electrical
Roview collectod figures of the occupations of company directors in

1,
eatablished electrical companies. Only 207 of directors were engineers, ’

The non engineors were often skilled in the market place = in buying and

1 18,5 hod titles, 9,6 were lawyers, 8, were military men end 454
were business and gentlemen.
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sclling. But they had no baslc undercianding of the technical 4ssues
fmvolveds  They no doubt picked up a lot of feclmoloyy but they had not
enrugh wide knowledge or doep undzrstonding to bo able to sce the
importance of new developrentss They tended to be very axcited about the
prospects of new inventions in boons, and very cautious about them in
recessions. |

In t7o companiés, the E.C.C. ard Crompton,we know there were
sorious quarrols between the technical snd coumercial ataff in the
middle nineties. In the case of the E.C.C. it was complicated by the
Balfour frauds. The financial yosition was such that the company had to
be reconstructed in 1893. The management structure was altereds The
board was almost completely changeds The old onc had becn large with
sub committeos, Comordination was bad and the main board waa often
1gnoralz;t of{,'what was going on. Several of the scnior officials were changed.
k. Garke, a cwa:erciél men who hed helped in the re-organdsation of Bmlf)\
in 1883 wao appointed managing director. The new administration soon
however caue into conflict with Parker, and in 1594 he, and three important
heads of departuents resigned, presumably not liking the way the re-organe
isation was taking place. The Board had no desire to retain Parker as
1:-'orlca Director yet wished to keep hin as consulting engincer. This Parker
deolined and in A ril 159 he left £.C.C. %0 set up a company of his own,
T. Parker Ltc‘i.‘l The new E.C.C. board secns to have thought that
extravagant oxperimentation was one of the causes of the troubles of 1890e3.

1. Elect. Vol.33 P58514 Septembor 13%. Chairuan's remarks at Amualm
Meeting.
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Within Craaspton and Co. there was a quarrdl for yoars between
Crowpton ¢: Albrighd {Lhe juint managing dirsctors) and the comiercial

mene Dy tus end of 1395 the Buard had come to dislike tho idea of two
1

managing diractors ostensibly because thoy felt their salaries wers too high.

The major di;ayecmcnts S8eem 10 have been with Albri;ht and in 1993 he left
the company. But Crompton also had his difforcnces = "oven before the

Doer Wer a certaln amount of difficulty hed arisen, and my relations with the

3
firm hed suffered" . ie was hcwever to "continue to superintend the

technical side". In practice Crompton took progreasively less part in the

affalrs of the campany end certainly had no major influence until after the
&

first world ware  .R. Reeves the Scerctary became the gencral manager.

Control thus passed decisively into tho hands of ihe business men.

The Chairmen's specch explaining this is worth quoting for the light it
shows on the dispule between the business and technical sides of the business,

"In the carly days of {.e company therc was a great deal of
experimental work to be carried out se.ee It required a great deal of
application and atteniion on {he part ol those who wers responsible for
technical details and there is no doubt that, whilst the tcchnical side
of your busine.s lLizs been developed to the vary highest state of efficiency.
the business side had got into a somewhat confused condition..... After
considering all sides of Lhe cuestlon 1% was decided that what was
required was to define more completely the two departments, namely the
tecanical side end the business side. I have alrecdy said, thanks to the
work of your technical advisor, principally Mr. Crompton the technical side
of the business is very good indeed. In order to provide for the
business side, the Board rosolved to appoint a general manager, who should
not be a aenber of tue Buard, bug cpen to every posaible criticism and

under the most couplete control,

1, Letters from Viscount Emlyn (the Chairman) to Crompton 27 November
" 15 December 1893, Crompion iilstorical Records.

2. Llect. Vol40 P708 18 iiarch 16%.

3¢ R.E.B. Crompton. Lcuiniscences P 207,

be Ho was very much involved in founding the Elccirical Bngineering
bronch of the Royal Engincers. He sorved in the Board Ware After it

his main interest reverted to road transport. \

VLt asm e = yu OA0
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There was sanelhing in what he said. Soms technical davelogmenta
bad been pursued withoui carctul consideraiion of possible profit snd loss,
R.8.B. Crompton had sturted an eleclric hocting and cooking departmant in
1896, oonsidering that ihey were going to be more important than electrie
povers This was a curious declsion considering the very high cost of
elootrioitys Yot what ls significant in Emlyn's remarks wos that he
vented to define more completely tlioc two sides of {he buszincss, not to
unite thems The commercial men had always folt that business matters should
bes kept away from the ehgi.neers ;3 this was now to happen all the more.

Of tne backwardness o Diritish slecotrical rachinery manufacture 4in
the middle and late nineties there 1a no doubt, This 33 shom both in
large and small maiters. The Lo major developments of the esrly and
niddle nineties, eleciric traction1 and joly'yhaae sm.c:.2 wvere neglécted or
ignored. In making smaller improvements like adopting miltipolar rather
than bi~polar dynewos taey were also slo*.w.j Brush was slow to develop
dmprovementa. Whon it moved to Loughborough the compony resolved to develop
its om high spoed engine. But it tock a long time to do this, and it
wvas not until 1896 that J.S. Raworth had developed the "Universal® engine
to tho suage whaore it could be placed on the market. This was too alow,
From the latc eighties oi, tue succe.a of the Willans high apeed engine

must have made ii clear taat the rate of return from a similar engine was

1. See Chanter 5 PP 170 - 1.

2+ Soo Chapter 6 FP 251 = 3.

3, Professor Cuido Semenza writing in L'Elettricista.
. Quoted by R.H. Parsons, op.cit. P 165
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highs Also the emall high spoad enginc was obsolete for most power
stations by 1900, because of big incroases in the minimun efficient size
of generalors low much financial stringency deloyad the develorment of
the Brush engine we do not know, But Raworih was on aeble engineer, and
the Falcon works wers qquipped for building steum engines. Also there
soens to have been o groat interast in electrie power. In 1093 Brush
made an agreemont with the Otis Ulevator Company to make elestric lifts, but
the {irst Otls 1ilt was not built until 31.893-1 T.iore was no other
aprarent interest in eleotric powor - certainly it was not considered
lmportant encugh to be mentioncd in the quite full reports and Chairman's
Speecnes. e \ .

I have argusd that illiquidity was a major factor retaxrding
develorment expenditure., The offcct of the return and the structure of the
caPI.tal" ;zxarkqt in causing this illiquidity apply to three of the major
producers, Br{ush, the E.C.C. and Crompton, But lather & Flatt and Siemens
had other bu.sinLas:s activities. Unfortunately we know litile atout Mather
& Platt. However mechanioal engineering was depressed in the early nineties
and we may presuse ihat they too suffered from 'liquidi'ty problews,

Siewcns soems to have hcd the same troudle but for rather speocial
reasons, In the early nineties it was still primarily a cable making firm.
In ths four years 1092 = 5 the value of the output of dynamos areraged
£117,566 p.a. while thai of cable averaged £4,07,038. In fhe late eighties

l¢. lMetoslf., Early History of Brush 1879 = 19l4. Unpublished typesoript
among the Brush Historical recorda.
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the cable business slumped, from an aver:ge of £6l,,041 peas in the six
yoars 1880 » 85 to an average of only £271,059 in 1086 = Yl. Hence
dynamo manufacture could be expanded in the years 1853 « 91 without as big
an increase in fixed capital #s in the case of the other companies, Yet
fixed plant continued {o increase wnoen the cable output grew again and
eloctric wiring was instelled in the workse No increase in financial
agsets appears in the sccounts, but they wers very heavily weighted

with the cable business.

Teble 68,
Sieaens Bros, Asseis 1837 = i599,
Fixed Capital . Stock aml work in - Shares 4n other
~ progreas companies and ne$
Y trade lendinge
1867 - 154,596 73,393 190,978
89 - 162,009 103,356 2744278
1891 - 155,473 85,252 175,768
93 189,337 | 211,135 - 4133
% 207,569 143,069 181,50

Sourcet Siemens Bros. iistorical Records.

Siemens Bros, in the ninetics was olosely controlled by Siemens
and Halske in Berlin. When William was alive it was more independent. . "
Von Loeffler who succeeded William tried to make London almost campletely
independente A quarrel with the Slewmens family in Berlin developed btut
Loeffler lost, resigned his managing directorship in 1800 end left

1
the company altogether in 1890, Werner Siemens dsteruined

1, For details of the dispute see J.D. Scott op.cits PP 66 « 67,
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that the new meneging director should be one of the family and under close
controle Alexandor Siemens, & third cousin to the brothers, who had been
in charge of electric lighting development since 1853 was ohosen1 + He
vwas kept on a tight rein, Almost all matters of significance were fully
reported to Werner and Kerle Verner died in 1892 and Karl seems to have
treated Alexander very much as a junior branch manager. Short term capitel
came largely from Siemens and Halske and the Deutsche Bank in Berlin,

This hampered Alexander even in his rather cautious policy.z JeDe Scott
connents that the response from Berlin to his suggestions does not seem

to have been as warm as he might have hoped. Berlin scems to have boen
responsible for technical developments. There vere probably economies of
scale in this arrangement, tut it would have hindered Sismens Bros. in so
far as cllose contact between the market and innovation was necessary for

innovations to be adopted.

1. -3Born 1810'7. educatcd in Germany. Worked in London in 1367. Returned
%o Germanys, Returned to Englend 1871 and worked as a pupil of
williaw's mostly on rogenerative furnaces. Die@ 1928,

2. J.D. Scoit calls Aloxander's policy an "ambitious, fighting policy”,
“hile I nuve 1ot had detalled access to intern2l materiasl on this
point this view is not confirmed by the tone of Alexander Siemens'
pablic statesents. So2 Chapter 6 P for comuents on electric power.
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Chapter 8,

The lMenufacturors of Electrical Machinery
18_96 - ]:_?11"'

SRR RN

This chapter covers ths great 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 « 1} seems to be undorestimated. Section I deals with the boom
and period of new entry from 1896 - 1905, Section 11 doals with the
aifficulties of the recession 1904 = 10. In Section 111 the strusture
of the industry after the uphcaval of 1896 « 1903 is discussed,
Section 1V discusses the 1911 = 1 boome Sections 1, 11 and 1V contain
tables showing the expansion of firms in the alternating periods of
quloklymd very slowly rising demand.

S

A new phase began in British electrical manufacturing in the
late nineties, There was a major boom lasting from 1896 = 1903, a
large number of new menufacturers, and the rise of importent new firms |
who eclipsed the existing industry lleaders. Iwo prinoipal factors lie
behind the change in the order of importance of firms; one was the very
rapid rise in demand, and the reluctance of existing howe marnufacturers .
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 wes the main
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Table 69.

Sales of Electrical Nachinery

Sales to Other homs Total home Total home  Export balance
utilitios sales sales Balos (exports = imports)
+ ourrent 1907
r e o
£000 ' £000  &£000 £000 £000  £000
1896 647
97 840 |
% . 1,210 107 v L3347 - 66
99 1,799 . U0 1,939 1,143
1300 24140 235 2,915 1,905
0L 2,705 211 2,916 1,847
02 = 3,100 350 . 3,450 - 2,054
03 3329 720 . ' byO49 2,436 “82 w9
o 2,82 a6 3673 . 2329 B %
05 2,347 1,024 - 3,510 2,869 185 157
06 - 2,06} 1,31 3,372 3,502 30k 516
07 1,578 2,77 . W15 S w6 426
B L1 Lo 28 . 2,33 B8 6T
09 %6 2,305 B .. @5 98 8%
1910 978 1,429 2,407 2,990 . 1,080 1,342
1n - 9 1,092 2,02 kT8 800 1,770
12 827 1,440 2,267 5,22 886 2,04
13 1,276 1,316 2,592 ' 5,972 3,023 2,7

1. Eleotricity supply electric tramways and the London Underground,
Por method of caloulation see Appendix P 500,
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fector that changed this. The traction motor of the late eiphties was a
modification of a dynsmos However the traction boon; in the United States
1890 16d to ths develomment of a specialist traction motor, complete with
special control equirment, DBetween 1889 and 1895 thers was very rapid
progress in design. The operating efficiency of trection motors rosey
their weight per horse power f’ell; thelr eloctrical desipgn was improved
to make waterproofing them possidle; gearing wes improved to reduce
noise and maintenance, At the same time when demsnd was high Americen
mpnufecturers were able to build larpge numbers of traotion motors at low
unit costss Motor prices fell dramatically; from #4,500 for a two
motor equipment in 1889 to #2,600 in 1891 and still further to #750 in
1895.‘ All priceé at this time were falling rapidly tut H.C. Passer
attibutes 357 of the fall in motor prices from 1891 to 1895 to-

improvements poculiar to motors ~ that is in addition to the improvements
2

which reduced tho price of railway generators,  In these very years .
1891 = 95 English electrical manufacturers ignored traction motors, for

which there was no demand.
As well as introducin: specialist traction motors and

control equipuent, the rise of electric traction stimulated further

changes in generators. Tractiom put much heavier strains on gensrators
' 5
~ than 84d 1lighting, and traction generators hed to be more rotust.

Also, both beceuse the amount of power used by a tramvey in the average
/

town was wuch greater than that used for electiric lighting, and béoauu

1. H.C. Passer. opscit, Chapter 17.

2, Reilway generators uay ba taken as typical of all rotating plant exoep!
_ trnotion motors. If there is any bins in using their prices as ~
estimators it lies in overstatewmont of the average price fall,

3. Chanter 5. Section. 4.
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the chonge in'the load throughout the day was leas, it bocame better to

use blgger genoratorss This reinforced the move towards bigper generators
for lighting stations, which was taking place at the same t.'umn.\‘I This was
8 limited movement, as most of the plant installed in British Central
Stations in the late nincties was still quite amalls But nevertheless it
caught hame manufacturers on the wrong foot, for two reasonss Firstly
bocause they wore coomitted to building amall generators for high speed
engines, and the size of high spoed engins could not easily be mnued.z
'l'ho! larger, slow speed generators made by German and American firms were of
a different design and required different productive resources to mamfacture .
them.' They were physically much larger pleces of machinezy.’ ¥hen in 1899
the E.C.C. decided to begin making slow aspoed generators they had to put up a
now shop/ equipped with two special extraelarge drilling machines, Secondly
these laxrge generators wore partly becoming more advantegeous because they

~ generated polyphace a.ce For traction, d.0. motors were much better than
‘a.6. ones, DBut a.c. offered much cheaper transmissiocn at high voltages.
Thus in the middle nineties American engineers developed a system of high
voltage polyphase a.c. transmission and conversion to d.c. for feeding
sections of ths tremwoy or rallwey. Single phase a.0. was not suiteble for

N
the converting plant.  Lighting was often on a d.c. disiribution network.

A cheap way to increase capacity by the late ninetles was to buila
new polyphase a.c. central stations, transmit at high voltages and

) I8 Chapter 3e
2, Chapter 30 P 980

3. The 4000 KW flywheol alternators at Manchester's Stuart Street station
weighed 112 tons each.
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convert to d.0. o food the dlstribution notwork.

The movement towarls bigrer grnerators way also stimulated by
the dovalopmont oi the Parsons slnan tur'umo.1 The turbine hal groat
sdvantn;08 over other gensrators in larps siz-s and aftor 1903 superseded
the large slow epecd genorating sot. Iynomos for turbines were rather
dirferent fram gonorators for either high or low speed rcoiprocating engines.
Thay were subjoot $o particular mochanical streins decauss of tiieir very
high spoed of rotatlon. The stresces wore particularly bad with big
plants For example quite considorable difficuliics wore experioncod
when the first 350 Kt turbo=alternators rumning et 3000 repetts worse
inatalled, Thors wore teething troubles, particularly with the alternators,
which vent on for about oiuhtoeg months, although after that the sets
vorked ven.z The doveloment of the high epeed altsrnator is as much
Parsona's achiovement es is the steom turbine., Nearly all laprovemonts

are dug to him, and until after 1901 « O} no othor Sritish eleotrical
enginoors shared aqy anvoroct.

% Thoro vers either motor generators or rotary convertorse The former
wag an a.C. 20tor ou tha sawo shal't 88 a d.c. gonorator, the latter

& maching with an armature wound for both a.c. and 4.0, with a.0,
- 814p inga on cne end of the chult and a deos comutater on the others

Rotary convertors were oknaper. although they needed a narrower
Lrequoncy rango.

ls Chapter 3,
2+ R.H. Poarscns, op,cit, IP 79 = 83,
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The edvent of factory power introduced a rather new end more
specialist product - factory motorss Bofore the late nineties most
electric motors were 1little different from dynamos. This was because

very little electric power was useds But with the advent of three
1

phase a.c. and the big reduction in motor prices 1901 = 05 many more
motors were used, and attention was given to particular design problems,
and to particular marmfacturing methods. During the years 1901 ~ 05
speoialiat machinery waestipul-do¢n: in Enplish slectrical machinery factories
for making industrial motors, But thera was no divorce between motors
and other plant, Large' motors = more than 50 = 100 h,p. were littls
ditferent in particular technique from swall generators and rotating
converting plant.

The emergence of these new tudb diviasions of electrical machinery,
traction equipments, large generators and factory motors led to considerable
' entry intoj electrical wanufacture, Traction equipment alons attracted
three very larg; firms, all bigger than existing home manufacturerss Two,
British Thomson-Houston, and British Westinghouse wers offshoots of existing
American manufacturers of electrical machimry.a The third, Dick, Kerr
& Co, wan an established mechanical engineering firm apecialising in road |

transport with considerable experience in building equipment for cable and
oteam traaways. B.T=H and Britiah Westinghouse did not begin manufacturing

in Britain until 1902, but before that large quantities of equipment tmilt

l¢ Chapter 6. P. 258.

2+ British Thomson=Houston of General Electric Co. of Schenectady N.XY.
and Britich Westinghouse of the Westinghouse Eleotric and Menufacturing
Co., of Pittsburg Pa.
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at Schenectady end Plttsturg were installed in Britain. B.T-H. wos one
the 1
of the prime movers behind Leginnings of elootric traotiom. At firot
2
B.Tetle was & srles agency for Au-rican equipmnte  Although the capital

weo largoely in German erd French, 63 well as Awerican hands, the enginoere

were Acericans, Gmwra% alecirio provided tuo of ite Lost trsction
A
engineers, IL.F. Parchall and H.M, lobart, All the plant exoert meters

5
ceze froia Gensral Elootric..

1. Chapter 5. PP 171 - 2, 198.

2¢ In 1536 Laing Wharton and Dovn had been formed to soll Thomsonetlhuston
are lighting equirment i Britoadn. Lu Li0h thils was reconstructed
o3 Pritish Thomsonellouston. In 1096 B.T-ll, was reconstructed with
tha rone umue, and the Thouson~iouston Yroction patents acquired.
(BsT=il. Rominisconcos, privately printed 1946 P 11 and R.S. Edvarcs
& I, Somnsend, susiness Crpenleation, London 1355, Appondix 5.

he Develoyzont end Orponication of A.f.1e by G. Walker, P 305,

3¢ Borm 1865. liiford, Hew Yorlk. ELducated at Cornell & Lehigh
Univoreilics. Worked wili: Spregue Eleciric Reilway end idotor Coe
(Spro.uo woo one of the most important trootion ploncors) e
bacerie chief engineer of the Wienulrow Lynaso & Mutor Co. 4n :
Beltimore where he devolopod the 4 pole slow speed rellway wotors
llo then oeceng chiel desipning eng:noor of Edisou Genersl £lectirio
and stayed on as such when General Eleotrio was formod.

8¢ Cradunted frou M.I.T. in 1399, vorked first with Thomeon=ilouston end ¢
then Gancral Sleotric. o Joined B,T.0. in 1855, In 19C0 hs went
to the Union Electirio Co. a3 a chicf dosigning engineor for 440
- machinery. In 1903 he roturmed to Englend as a consulting

enginears
5¢  JeTeil, Reminisconces P 10,
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A very large amount of the traction motor equipment . used
in Britain in the early doys of electric iraction was American. As
the early eleciric traumay and rallway contracts wore usually for all
the electrical equipment,the statistiocs of the makers of generators
give a good picture of the general situation in the absence of other
figures, At the beginning of 1898 the Electrical Trades Diractory
gave details of 3840 KW of generators in traction power houses. 2830 ﬂ
ves distinguished by maker; 35 of this was made by General Electric snd
Westinghouse, Generators totalling 11,420 KW were in the course of -
manufacture or erection in new traction powor housess 10,860 KW was
distinguished by maker; General Eleciric wes supplying 9,000 KW and .

. Westinghouse 1,200 KW. Figures \'of motors supplied are unsatisfactory
but there is no doubt that in the years 1897 « 1900 the General Eleotric
motor supplied through BeI«l. was ‘mt only used more than any other
maks of motor, but probably more than all other motors put together.

B.T-ﬁ. were 80 successful that ik is not surprising that they
were soon looking for msnufacturing facilities, A union with Siemens Bros.
was proposed which would provide B.T-H. with a factory, reduce competition
and pool engineering experience: But the Siemens Directors in Berlin .
delayed and the idea hpsed.z General Eleotric then bought a controlling
1. Siemens & Halske were strong in traction equipment and Siemens Bros.

wes porhaps tho strongest potential competitor in England,  They

wers building ihe electricel equipment for the Waterloo and City
railway at the tims.

2 J«De Scott, 0200113: PP 70 - l,
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share in B.Tefl., a factory wos built at Rugby during 1900 end 1501 end meamufacé
turing began in March 1902.1 All tho inportant staff of the new fectory
oans from Generanl Elecotric's own organiaation.z

Weatinghouse had also had a sales company in Britain for some

3
tims. In 1897 an luaportant contract was obtained for three 1500 KW

b
two phase alternators for ths Willesden contral station, ¥hen electrio

traotion begon to develop in Britain, George Westinghouse becams impressed
with the 8ize of the potential market. He pariicularly noticed the
density of traffic on British railways.s In the suumer of 1899 he bought
land at Trafford Park, Manchester and founded the British Westinghouse
Electrio and Nenufacturing Co, Until manufacturing began at the end of
1902, Westinghouse plant which wes installed in this country in oonsiderable
quantities was built at Pittsburge The key posts in tho n&v works were
filled by'MGricans.G Americans wers also placed in less importanmt posts
and Weatinghduse even brought eighteen foroumen fr'om Pittsburg. He also

" enlisted a nucber of Englishmen, mainly from technical institutions snd
sont them to Pitisburg for two years tro.;.r;ing, preparatory to their

occupying the lesser posts at lanchester. later they would fill the

1, B.T«H, Reminiscences, P 12,

- 2¢ They were the MNanaging Directar, The Managing Engineer, ths Traction
Engineer, The Works Lanager, the Assistant VWorks Menager, the Manager
of the Rugby Lamp Works and the Genoral Commercial Manager.,
(8.1-H._Reminisccnces P 17)

3, The firsi English Westinghouse Compeny was fo.ndod in 1839, no doubt
in o-nnection with the supply of generating plant to the Sardinia Street

Station of tne i.etropolitan Eleciric Supply Co.

5« J. Dummelow 1899 = 1949. Privately published Manchester 19,9, P 2,

. ribid.. PP 131 « 1A.
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fmportant posts witen the Amoricans went home.

General Lleciria and Tigstinghoune unw the prospocts of now markets
in Dritain, but thay wara also drivon tao logk for nes outlets by the deep
Ancrican recession of the miicle nilneiics. In the United States the
demand for elecirical machinory increnced rapidly during the eighties with
the success of electris lighting. Tho succeus of the csrly eleciric trexs
in tha lute cightles inorcoased demand etill further. Than in 1092 « 3 the
bocn broko and the aubsequent recession was long and savere. Not until
1899 dia tho oales of Cenornl Slectric ovariaie thoss of 1893.‘ In the
circuxatances 1t 1s alwost cortaln thoat there was oncoss oapacity until
the latae rdnetics. Tho Vostinghouse position was @oubtless similar,
Blectria wraction &1d not develop o5 quickly 4n Zurope as in the U8, end
3¢ was natural thai Gen:rel Rlectric, owning the very strong Thomsonsflouston end
‘Spraguo patents should seck o opan up the Furopean elactiic traotion market,
They did tidsc in Germany clightly earlier then 4n England.

, Ia 1397 Diek, Hore and Co, Lought a factory in Preaten to
sanufacture elecivic tram tolics, In 1899 « 1900 those works were
cousiderably extenisd zo that the {irm oould manaf'actiuxe eiootm traotion
motor equipments and pover atation plant.z Although menagacent and finance
we o Dritian, the tachnical direotor was an J‘:mrican}S.H. Short..’ The

olectrical wuchinery works were plunned in consultation with Fhort, ueing

i. A.C. Passer, onecit, P

2« The trazcar works were begun rs the Electric Rallvey and Tramway
Coryla,c Worka, and later becare the United Slectrioc Car Cos The
elootrical wnchinery works woro reogistored &n 1898 as the Englich
Llectric Karufaciuring Co., Wt were obsorbeld by Dick, Kerr in 1903.

J3e OVED o..
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1
Ancrican machino tools and the machlinory was {o be built under his patents.

Although theso three firms wero attrected by the traction plent
market, they were all producers of all electricsl machinery. They were
ready and able to bulld polyphase equijmnnt, lorge penerators, and factory
motors as well ad smaller Jynauwss transloruers converters etocs Dut there
were also more specialist entrantse 1vwo tzrms entercd because of the
possibiliticas of bigyer generators - Ferrvanti and Parsons. Striotly
spcaking neither was & new enirant for Ferranti bad beon making electriocal
machinery since 1382 and Parcons fxom 1889 (1884 when a partner with |
Clarke Chapman), but in the buam period 1896 e 1903 they bath becams now
large produceras There was considerable similarity between them, they
wers both foundoed and controlied by great inventors, business men were

important in neither. The major differance is that Ferranti failled while

/
Parsons succoaded.

J. Born 1858, Columbus, Ohio. Educated Ohio State University., In 1878
he became Assistant Profescor of fhysics at Deaver University. e
worked on railway motors and in 1835 resigned his Professorship to
concentrate on oleciric railway worke In 1089 he moved to Cleveland,
Ohio and formed the Short Eleotric Railway Co. (Brush was a large
sharcholder) to menufucture railway mnchinery. In 1893 he became
connected with the Valker lanufacturing Co. of Cleveland. The
Walker Co. entcred electric iraction and was so ouccessful that it
was bourht up in 1893 by financial interests controlling the
Vestinghouse Co. In 1873 Short cans to Englond to complete the
arrangemonts with Dick, Kerr., Hes intended to return soon to the
U.S. but aidd in 1902 of appendicitis, (E.R. Vol. 51 P 747 31 October 1902)

1. S.ik. Sauds The American Imvact on British Industiry Ez 2- 1914

Bysiness History Vol. 3 P 33.
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Ferrantl was ths one English electrical manufacturer who

built dynamos for dircet coupling to slow specod engines in the middle
ninsties, After he left Dopford Ferranti concentrated on building slow
speed alternatorss He got several contracts including a 1000 KW alfernator
for the London Eleotric Supply Cornoraticn in 1393 and two 1500 KW
slternators in 1895. In 1895 he decided %o bejin the mamfacture of steam
engines, and thus produce tﬁe whole g;anerating ‘aot. Thus he bought a
larger works at Hollinwood,1 in 1896, This was a good time to begin
ths manufecture of 1argé steom alternators. The market for electrical
" plant wes expanding ropidly, end one would have expecied the future of
large slow spued generators to ve goods But the firm did not succeed,

In 1905 4t went into the hands of the Receiver'and the ma.mfactm of
~8team dymamos oeaéed. 1 | | '

.. " The ;;,mi.ncipa], reasons for this failure seccm to be in the
peraonality of Ferranti himself, There is no éoubt that he was an
engineer of g=nius; thére is equally no doubt that he did not have mioch
commeroial senss. As early as 1833‘, Ince, his financial lzie.clmr.2 had
expressed uncase at Ferranti's habit of endlessly improving machines while
making them. He complained that there wos a groving number in a semie
conpleted atate while very few had been rinisheci.j At Hollinswood

the situation was similar, Engines were produced incorporating first

rate engin-ering design, and each with its own innovations But.delivery
. ’ ’

1. Between Manchester and Oldham.

2, And also his fatherein-law,

3, Letter from Ince to Ferranti, 13 April 1883, Perranti files,
Hollirnwood.
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ves nearly always very late. Penalties for late delivery were usually
heavye F. Bailey tells of mouy exsmples of late dolivery and the
oonsequent financial losses.
"(At Bunkside) he accevted an order for two stesm alternators
of 1570 K\ cach. and once more improved on everyting he had done before,
but, unfortunately there was en alarming delay in delivery. The first
engine, promiscd for the end of 196 was not at work until 1898 eeee
The second machine was finished in 1899 ... These engines were full
of novel and ingenious improvemnents; eseses At Pajdloy delivery was

two years late under a penalty of £5 per day sevs. At Worcester egse
the delay was three yocars before e satisfactory test could be made."

Also it 1s very surprising that Ferranii scems not to have
cuncernsd himself with polyphase asce All his alternatars were single phases
By tho late nineciies it must have been olear.._;that large polyphase alternators
had additional advantages, end one of B;erranti‘s missions since 1837 had
been to porsuade supply authorities of the advantege of large scale
gene/ratin;, plante In wmitigation, however, :one m1st remomber that the
ave;-age supply undertaking was not interested in polyphase a.c. amd the
Anerican engineers engaged in &esigxing fraotion seem to have preferred
well tried Awerican machinsry.

Parsons by contrast was very successfule By 1904, as Table 80
shows, 22 of theo generators installed in British Central Stationa were
built by that firms This was a peakj later, other turbine manufacturers

roduced the Parsons share. Lnglish ceutral stations were aslow to adopt

1; Perrantl was able to escape this penalty in the end.

2, P. Briloy. The Life and Vorks of S.Z. de Ferrenti D,3¢, P.R,8, ;
160, = 1930, Auaiversary aduross 1o ine tloourical Fower Lngineers'
Association Manchester 1931.  Privately printed as a bocklet by
Yerrenti Ltd. Hollinwood,




the turdbine, but this was partly bocouse the devolopment of the turbine
was e6lows The mnaster turbine patent wus token oub in 1804 whem Parsond
was a Junbor partnar with Clarke, Chapwen ond Co. In 1839 he
q.am'clled with Clarke, Coapman and left them to found a firm of his
own. But 4n doing 50 ho lost his patents, and obngodtotzynnd
bulld steen turbines wildch did not infrings his wm patentu, Deapite
" the use of ad inforior method of deaign he achlevod pood presults end
succoaded &n gotiing turboealieanators installed in several oentral
Btations.'“ In 1034 he purchased his patents fram Clarke, Chapman Wt
by the end of 1893 had slrealy declded to develop tho stean turbine for
ship propulsion. This diveried his prime interest from land turtines
until the end of the ceantury. Parsons vas also ahort of monsys FPinanoe
was provided privatsly, muich of 4%, it ccams {rox his eldeat brother.
Yot until 1913 did his firm becons even a private coxpany.

Parsons medo only turbo electirio generating mochinery,
Another entrant with a 1linited rangs of elecirical machinery won 0.!.0-‘
Originally a f£irm of clectrical appsratus wholosalers, 4t bogan to make
acall electrical apraratus 4o 1509, Then dn 1897 H. mm7 roalised that
the polyphese 0.0, motor wao an importent developnent and ite use might
lead to extensive factory alootr&t‘icﬁtica.a Tius e bought a nm‘
le- Chaptor 3, FP 105 = 7
2 R. Appleyarde Chorlos Parsons PP G5 = 7.

3¢ Pron 1509 to 1694 ho bullt turbines in which tho stosy Sflowed redially
rather then eslally.

be R, Parsons, op.oit. FP 173 « 9,

S5« The £irm aloo mode condenserse ..orins turbines were mada at the
Parsons larine Turbine Vvori:o at Valloend,

6 Tho Genoral Electric Comruw Roforied to s G.E«Ce to distinmuish 4¢
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‘
to asnufcobwre Siduction motord,. in tho cu.oor of 1900 with the domnnd

for heavy plant much in cxice a of tre cupply GeisCo deolded to oconstruct
a sorks for bulldlng eleoirical machinorg ot %“ilkon, Eimninghaze Thie
was for large plent, chiefly genaraiuras, and large motors, where the
fim ol also take sdvantacs of dte polyinese knowledge. By 103
the foctory was at works In the eurliest duyo very large gencrators were
not cade.

he sice of ths u swing in dezand 1376 = 1900 also attracted
'new firas wiw hed no pasticulor advantcge, and who were not anxious to
eplodt any particular segoont of the mechinery marzete In 1899 the
fitm o: D. Hxuco Peebles, having very rccently starved the mamfecture
of motors and generators, hnd so much work on hand that it decldod to
_erwot & darpe new works at Edinburghe an the saus year the Lancashire
Q-,um/':m and Notor Cumpany bullt a works noxt to Weaiinghouse at Traffoxd
Park, At the time the Dritish Eleciric Transforumsr Cos. started,
contentrating oun the munufsciure of static transforamers.

The hone manufacturers of tho middle ninotioa expended little
in the bucms Thay wore illiquid, they had bson through a lesn time of
‘rising outpul and felling prices, they had goen the opllmisile expectations
of 1802 and 1058 « 9G fade rapidlye Coatrol had passed into the hands of
ceatioun zxn.  On top or this the size of tho rise in demand for ah.otr:lon

7. Born 1863. e was educated at the Commercial Indugtrial Schools and .
the Polytechnilum of Munich. 1882 joined E.P.S. |

80 Chaytw‘ 60
1, /o induction sotor is the angineering term for a polyphase 8.0 motor
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Table 70.

The Expansion of Assets. 1896 = 1904,

Increoase in Incrense in Increase in
fixcd assets stocks & financial
after work in assets,
depreciation progress
& & &
British Westinghouse |
(to July 1904) 2,008,321 1,U9,495 150,80
B.T=H, ‘ . - 2 2
(to lerch 1904 427,635 266,233 Tihy451
Dick, Kerr & Elect.
Rly & Carrioge Coe - 3
(to June 190%) | 710,050 191,880 - 278,A79
Siemens Bros. Dynamo Works | S %
(to Dece 1904) 276,767 121,839
Brush l,
(June 1896 = Dec. 1903) . 202,975 5,818 - 108,592
Bruce, Peaebles & Co. g
(to Dec. 1903) 934695 56,434 - 29,512
Crompton | i B
(larch 1904) | 55,819 86,357 40,811
E.CeCo ; , o
(June 1896 = lny 190k) 35,928 «6,335 - +B,615
Parker I o N ! |
(to April 15%) \ 25,801 | 28,856 X 234551
G.B.C. (Witton), - | b
(tO DecCe 1906) 2”&:913 58l352
British Electric
Transformer
2 19,313 21,141 18,29%

(to Dec. 190%)

1. Lending from the parent firm has been deductod in the accountss This is
1ikely to have bocn £100 = 200,000 Also the parent lemt heavily to
customers through Troction and Power Securities Litde

2 Work in progress is included under "debtors”.

3. Includes goodwill.

be As Siemens & G.E.C. were involved in businecs othor than the mamifacture
of electtical machinery firm data is not rclovant. 5.Earlier figares
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Table 71.
The Source of Funds 1896 19Ch.e
Borrowing
on ordinery on Prefe on Dsben= on Loans Retained profis
shares erence tures before depre=
shares ciation.
& £ & £ £
British Westinge ‘
house / |
(to July 1904) 750,000 2,500,000 616,353 200,750 - 4,968
- (since July 1902

(to March 1904) 200,000 395,690 212,000 513,178 153,568

| Dick, Kerr & Elect.
Rlyo & Carriage CO.

(vo June 1904 170,000 200,000 273,642 ¢ N/A N/A
Brush |
(June 1896 = Dec 31,009, . 31,009 75,000 43,976 71,958 .
1903) \ . . (since June 1897,
Crompton ' | e
(March 1896 = 1904) 159,050 100,000 4,606 - 60,680
LuCoCe |
(June 1896 = lLay 4,200 30,0%% 77,870 - «95,500 66,508
/; 19&)
Parker I .
(to Aprid 2904) 23,636 20,700 13,59 19,653

The figures in this table are only very crude, New shares are shown as
being sold at par, except whore there is evidence to the contrary. Dat it
is likely that they oiten were not sold st par. These structurcs also apply
to Tables* and it is only possible to collect these fipures for some
companies. Sometizes reconsiructions have meant one has to eliminate f£irms,
sometimes, as for exsmple with Siemens, the balance sheet informatidn is

utterly inadaquate. '
Sources Company Belance Sheets.
» 78 and 87.
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1
machinery in the late nineties was quite unexpeoted.  Brush and Siemens

: 2
were the only ones to expand substantially.
' Tho Brush expansion was chiefly in the traction department, and
was more in rolling stock than in motor equipment. Capacity was first

extended in liarch 1898, and further extensions were made to the car shops

| 3
in 1899 Buf not until 1900 was a plant laid down for making trucks.

After 1900 Brush often made bodies to be powered by another mamufacturer's
motors. Expansion followed the rise in demand. From the end of 1896
Brush began to work in association with British Electric Traction. This
’aasociation became progressively closer until by 1906 (or possibly

earlier) B,B,T. controlled the majority of Brush shares. Other Brush
departments were neglected. They showed no enthusiasm for large gensrator

work or factory electrification.
Siemens like other home firms ssems hot to have been anxioua

to oxpanﬂ rapidly. But by 1899 Berlin was dissatisfied with the slon

progress of the London firm. They wanted a large heavy plant works in

'
England similar to those of Sliemens and Halske at Charlottenburg,

Eventually land was purchased at Stafford and a factory builte In 1903

1. Chapter 1. PP 92 - 3

2. liather & Platt built a new works at this time. Unfortunately we do
not know how much the electrical department expanded.

3« The truck consists of wheels and motors. The very early elecirio

| troms were built on the horse car principle, motors being fitted to a
body wiich was built to be pulled. This was not very satisfactory
and was changed to the truck principle =~ bodles being manted either
in two sects of tractor bodies or on a four whecled trucky the ,
advantage of the lattor design was that the motors were on intepgral’
part with the whoels - the unit thus being stronger and less likely
to be damaged by running.

be J.D. Scott. 0[2001to P 720-0
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the dynamo department wos moved there from Woolwich.
The fellure of four of the five main producers of the early
and middle nineties to dovelop the new very large generating plant, meant
that tbey were slowly squeezed out of the central station generator market.
Mather and Platt shifted quickly to building plant for factory electrificatiom

1
In 1898 they built their first induction motors, and their deliveries

of central station generators fell off very sharply after 1901, Parker,
when taken over by Rees Roturbo in 1906, also gave up central station
goneratorss Brush conc'entrated on traction and neve\r built very large
generating plante Crompton too. never built very large plant, but

continued to build central station plant for electricity supply station

in small towns where there was insuffiocient demand for big p].ant.2 The
B.C.Ce having installed special plant for large generators in 1899 contimied
to build some. But they wers not important in this field nor was it of

major /impo}tame to £.C.C. aftbr 1900, They do not seem to have made
generators for steam turbine driven units.

1. 75 yeors of Electrical Engincering . A brief history of the
liather and Platt Electrical Department.

2. . Crampton hed a special arrangement with dhe Electricity Supply Corpore
ation. Latoe in 1902 Crompton helped to forii the B.S. Corp. It took
over the Chelmsford station and several provisional orders from

 Cromptons Supply was begun in Dalkeith, Dollar, Jedburch and Mslrose
in 1904, in Exmouth in 1905, in Dumbarton and Falmouth in 1906, end in
' Potnes in 1911, Crompton was to act as contractors for the Corporation
at prime cost plus 154, In Moy 1905 this was modified to prime cost
. plus 10v These were all small control stations = by December 1906
'the E.S. Corp. had spent only £272,02) on capital account (excluding
Chelmsford). Only & small proportion was on elecirical equipment .
(Based on the linute Book of tho E.S. Corp. Among the Central
Eleotrioity Generating Board Historical Records at icmt Portland 8treet
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al

The demand for electrical machinery rose very rapidly from 1896
to 19033 after 1903 it rose much more slowly up to 1910, But as Table 72
shows thers was no marked recession in either the value or volume of ocutpute
Bat thez/:e was a conaiderable fall both in prices and profit margins from

1900 = 0L onwaxds. There are two reasons, the collapse of the German
boom in electrical equipment in 1900, and the fact that by 1903 « O there

Table 72.
British Production of Eleotrical liachinery 1903 « 1913.
Cutrent prices 1907 prices
£000 - £000
1903 3,967 O amy
190, 3 2,353
05 3,556 3,026
\l 06’ 3,676 3,818
o7 WK R 1,515
08 2,972 a3
09 8,209 5,967
1910 3487 BN -
1 2,82, 68
12 3,153 7,265

13 3,615 - 8,743
z

Source: As Table 69.
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had been 8o much entry into electrical manufacturing that there was
overcapdoity at home,

The traction and central station boom in Germany had begun
earlier than in Britain, and finished qarlier.’ In 1901 there was a
sharp recession in the demsnd for elestrical plant, and this led to a
sharp rise in the propensity to export to Britein. As a result prices
fell sharply. In the years 1901 = Q4 there are many instanoces of
German firms tendering particularly low prices. The tenders for the
L:C.Ce tramvay generators in 1901, given in Table 13provide a good
example, The Continental tenders were particularly low for the three
phase a.c. gonerators. Other examples could be given for small and
medium size as well as large contracts.

2
s The slow growth of demand efter 1903, made the overcapacity

of 1903 - 4 aifficult to digest. Prices contimicd to fall and profits

declined to a low level. This overcapacity was largely concentrated in

three firms, British Westinghouse, Siemens end G.2.C, The firat two

tried hard to achieve full capacity working end were responsible for

driving down prices. All three made lower pr;)fits than other mamifacturers,
British Westinghouse's factory was much too big for its needs.

Also it had been built in great haste and was consequently expenaivo.’

The shops were lavishly equipped with expensivs American mechinexry, It
1s 1ikely that highly capital intensive methods of pfoduction were used,

/

which were not well adapted for English wags rates, The ,i'ate of growth

1+ D.H. Robertson. A Study of Industrial Fluctuations London 1915.FP T7=9

2s See Chapters 3, 4, 5 and 6.
3o J. Dummelow, gp.cit. PP 4 = 7
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Table /3.
A 'l‘ond‘gra for generators for the L,C.C. tramways 190].
| Avorage of lowest tenders.
d.c. plant 3 phase a.c. plant.
Continental Firms 28?1601 . :.:2,.0291
Anerican Pirms 29..7632 | 50,21.3’
British Pirms ' 29.498‘* 51.&935

lo. A.E.Gu, Schuckert,Helios, Lahmeyer and Witting (Germany)
Brown=Boveri (Switzerlaxﬂs International Electrical Engineering (Belghn)

2, British Westinghouss, B.T=H, and Bergtheil and Young (Bullock Nfg. Co.)
3» British Westinghouse and B.TelH.

4+ Brush, Crompton, Dick Kerr, E.C.C. Ferranti, G.E.Cs Mather & Platt,
‘/Parsons, Siemens,

5. /Brush, Dick Kerr, E.C.C. Ferranti G.E.C. Johnson & Phillips,
Parsons, Siemens. ;
NB PFor tic d.c. plant the Brown-Boveri tender was very high.

If excluded, the Continental average is £26,820,

. For the dec. plant 29 firms sent in 212 tenders.
Yor the a.o0. plant 22 firms sent in 160 tenders..

-

Sources E.R. Vol. 49 P 810 15 November 1901.

of demand was substantially over-estimated. In December 1905, the company
stated that financial results would get better when the long awaited
fraotion boom camoa.‘l But by then the traction boocm was over, |

There also scems to have becen poor management, hbour'rehtiou

f
were bad vhm the work required a high proportion of skilled men. This was

10 ELOCt‘ v01056 P’-&-n 22 Docember 19050
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partly becouse of the rather unthinking use of American praotico.1
Relativoly mare priovity was given to increasing output than to
financi'ol disoipline; "on top of the very heavy in‘j?.thl outlay there
had been too lavish expenditurs in many directions”  Orders wers late
on campletion and unprofitable whon completed owing to optimistio tendering,

\By 1905 the situation had become S0 bad that the top management
was changed, ' In November Goorge Westinghouse sent his immediate assistant,
Newcamb Carlton to Mamhgster, and he soon becams sole mansging director.,
Philip A Lange, mensger of all the American Compeny's works in Eést
Pittsburg, Allegheny, Clevelgndaflsewark wes sent to essist Carlton by |
meking a 8ix months review of the situation. But he stayed and in July
1906 was appointed general max‘mger' of the works, Ma:)ox_' refoms{ followed
and matters soon began to improve,

Slemens' diffioulties at Stafford stemned initially from having

been f;o slow in extending their heavy plant businsss, The new works
were not fully ready until 1904, The Slemens share of the heavy plant
market had, fallen end this was difficult to regain., In 1904 the
Stafford works were only partly occupled and business was again unsatisfastory

de J. Dumelm'f, OB.Ci‘to PP 27 - 8.
For example, The Pittsburg practice of works police patrolling the
< Bhops to see that evoryono was hard at work was used, The Awnorican
{oreen were hard taslk masterse Labour was engaged and discharged
indisorimately, and disaissal slips were constantly expected in

~ bay packets,
2 !'ibid., P 29

3 ibid., .P 33 = 5., The accounting systom was changed, Separate
Yroding departments wore formed with their om accounts, An attempt
wos made to improve industrial relations, The design of mach

wos changed to allow for the lower cost of labour relative to material
in Britain compared with the U, S,
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1 .
in 1905 « losses were heavy, and as with Westinghouse the management -
2
was not boyond reproachs Corl Friedrich Siemens was in cherge of Lhe

new worlc? at first. When he washreplaceds by Carl Kottgen, the httert
complained of past mismanapgement.

These difficultiecs led to the transfer of tha Stafford works
fron Sicmens Bros. to S:‘Lemens--Sc::ht.wlc:ertwerlce5 in Germony. In 1906 the
Stafford works were registered as Siemens Bros. Dynemo Works Ltd, and
lessed to Siemens-Sochucketwerke for ten years, This arrangement did nof,
however stop the losses, for the Stafford works continued to be the lsast
profiteble of British electrical machinery flactories. In the docade
1906 = 16 the accumilated losses chown in the books were over £700,0004
adding interest on money lent at 54 the figure cams to around £1 million,

The Witton works of G.E‘.C.' were not in full working order
until 1904, and théy secm to have been working well under capacity for
some yoé/rs; indeed it is unlikely, Judging by turnover and fixed plant
fipures that they were fully occupied until after 1910. This, despite
the fact tnat their early entry info the manufacture of polyphase @.0.
equipment should have put them in a good position to sell plant for

factory electrification, Witton lost monsy. - Most of these losaes were

1, Report of the Directors for 190k and 1305.

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

lf. JODQ SCOtt, OEZoCito P 75 - 60 I

5  In 1903 Sicmens ond Halske end Schuckert and Co, emalgemated their
heavy engineering decpartments.

6. J.D. Soott. M—’- P 87
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\

due to the carbon works, which wers adjecent to the éni;inoorlng works.
Carbon ‘woris lossos avoraged £10,0C0 pea. on & turhove\t; \o\f £20,000 =
£30,000 pese  But as Table 74 showa engimeering also did badlye.
The other companies did not &o ao dadly, o8 ‘i.\i Bhown in Table 74.
This was partly because they did not have the spoodsl aﬁ‘ficulues of
Wostinghouse ond Siemend. Aldo the aachinery morket was to soms extend
segrenteds Those fir.s concontirating on trection and ﬁhuﬂtrhl
eleotrification did rather better than those comontrdtmg on oentral
station worke The dezmand for tramcars kopt wWp reaaon\a?l.y well until
after 1907, o3 4s shown 4in Table 75. This partly eccounts for the
profitebility of Dick, Kerre , Profits did not fall until the year ending
Jund 1908 before then thay gave a geod return on cssets, Profits in
car bodies socm to have been rather betier than profits in elecirical
nachinory mmufacture.1 Dick, Korr secus to have .’:zmemd its share of
the declininy tromcar morket. DBrush's pfofits also did not fall until
after 1907, although their grofitebility wan less than that of Dick,Kerr,
probably simply becouse they were less efficlent, Brush's voluma of
output seess to have been rising up to and inoluding 19G7, when output
vas said to be a record for the t‘im.z Then 1908 was reported to be &
yoar of excepticnal dapreaaions. B, T=3. oimilarly suffered a severe drop‘ln
1.. The profita of the oar body subsidiary wera ao good as those of the
medn £im.  The pain firm's resulta include contracting vhich was
coneiderably more proiitedblo tuamn mapufooturinge Je & G Phite, the
oloctrical contrrotors rade high profits during the years 1905 « C9. -
Tho eversgo returnt on noooto Was UseJs Pede (Unwedghted aversge of
antwol rote Feb, O = Fob. 10)

2« Blect, Vol.61 P353 12 Juns 1908,
3¢ Elect. Vol. 63 $£199 1y iay 1909,
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Notes to Table

Statistics are not available for other manufacturers of heavy
electrical plant, Siemcns monufactured plant and cables., Their
profits are given under the cable makers. Siemens Brothers Dynamo
Works which made heavy machinery for Siemens, {ram 1903, made profits
which seem to have been cither zero or negative for 1907 « 1913.

Profits are takecn before the poymont of debenture and other
interest and after depreciations As interest payments are often not
shomn in the published figures provided by the company estimates have
ofton had to be mades, They can only be based on loand and debontures
es shown in balonce sheots end arc thus crude. The situation is
' particularly bed in the 1890s. For B.T-H. who borrowed heavily from
General Electric considerable eatimating has been necessary.

Depreciation was allowed for in a somcwhat irregular way., Often
it was inadequate and had to be made up in a capital reduction.

Capital fipures are those in balonce shects, and as inventories
were llable to fluctuations they are only a moderate indication of the
average capital empléyed throughout the year.

Goodwlll and the value of patents havo been excluded. Although
a case can be made out for including them they were often valuod at a
figure which bears no real relation et all to thoir market value.

FPor these reasons the percentages are liable to considerable
inaccuracy, ond although glven correct to one decimal place, may essily
ocontain errors of 10,5

Where published i.nformation is particularly deficient, but not
absent, estimates are given as very approximate (e.gs o 6e5)e

Sources Company Balance Sheets, profits and losa accounts and
+ Company Reports.
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Table 75.
Purchrses cf tramcars Ly Troway Undertekings

Toar £0C0
1904 135
05 577
06 458
o7 5
v} 467
02 386
1920 538
p b1 529

Yoar cnding Decamber for ccapanies. Year erding larch 3lst
dn the following year for tunicipalities.
The figures oover 80 « H0. of tramway underiakings.

fouzoel Board of Trede Rotuyns.

Jrofits when traction demsnd foll, Table 76 shows how trastion orders,
Revicusly at a high level, fell off sharply in 1907, while othor onders
teained steady,

The demand for plant for factory clectrification rose after 1903
Just whan central station Comond was Geolinlnge Also hooo mnnuractum
¥ere slow to turn to t e markot for factury plant, concentrating o;x
oentral station worke Significantly perbaps it was the Gerwan
Maufacturers who did, After 150, demand rose agoin 4n Cexmony, The



Tabla 76.
'ooT“:{ M nang

seurad 1904 - 11.

R B e
1006 266,853 408,13, 159,599 843,646
7 63,34 113,625 160,322 635,29
8 29,21 128,759 125,757 583,157
9 25,777 576,126 19,132 521,025
2920 3,540 391,011 59,34 52,868
1 L RINY 506,220 105,52 64,279
Sources B.TeH. Historical Statistics.
1

major £irms had amolcmcatod into thros blg groups, AZ.Ge, Sienons=Sohuckerd
nd Felton & Guillosuse = Lalwoyer Werks, ond there ceased to be any .

particuilerly low tendering for Dritish cantrael station oontracts. Instead
2

Geraen manufecturcrs, particulerly A«2.G. turnod to industrial works

AZ.Cs had boen solling electris power {ranamission plant both 4.,0. and

3 phase a.c. in Englond since the middle ninstles, and the lack of interest
of English manufacturers in polyphass a.c. gave them a good start. In the
years 190, = 10 & great deal of A.5.G. plant must have been sold 4n this
country, It was &aid that a great dcal of the electrie plant in tho‘

South Wales coali'leld was supplicd by ;hom. In lancashire many
instaliations wore clso made by A.E.Ce

ds  A.E.G. abaorbed the Union Eloctric Co. (Vminigto Elektrisitats

Cocollochaf't. )
& E.R. Vol, 62 FP 2,9 = 50. 24 Pebruary 1508,

Jo» S.B. Sanl. on.eit. P 35,
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Profits seem to have bsen rathar higher in factory elootrifioation
than central atatior work, s Table 74 shona B.0.C,, gorwentrating on
the former made better prof'its than mny firms.  Ag Table 69 shows output
was hizh 4n 1908 = J 2t a tins when central station decand was low, The

ordinmy sharee for the last eix Yyoars,

But there ers also differances between the profitebility of firme
+hich do not sema 4o bs accountad for by the differences in conditions in
difforent sosments of the market, As Table 69shows dospite all the
aorry atoriea of the othep electrical mamufocturers Britiash Electrio
Transformor contimed to make high profits throushout the pertod, Also
the fortunas of {irme 0ould flugtunta sharply. B uae Peablas ard Co, 19’
] gocn exanplo of this, The Gounany was registersd in 1903, having been
@ private fim beforchand, Tumnover EXew up to 1907, ths woris seem to
l;ave beon fully enployed ond profits wore highs Then exo0scive lending
to custcmers lsd to liquidity dirticulties and the firm hed to be
Poconatructed.  For tho noxt few yoars profits ware vory low,

. 2 B Vol. 61, P 168. 2 hugust 1507,
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The rocession in prices from 1501 and the slow growth of demand
caused difficulties similar in kind, but more acute in degree, to those
of the early ond middle nineties, In Januery 1905 the Electrical Review
pointed out that in 1904 enginesring shops wers only partially filled with

4 )
orders at unremnerstive prices, Prices hed fallen in the last 5 yoars
to an extent "which would have 8carcely been thought poscible." 1Two
years later the Elcctrical Review comuented that the mamifecture of
: 2

elecirical machinery had becoms diatinotly unprofitable, Prices, it was
said hed fallen 30 = 403 in the last 3 4 yoarss Low prices were the
troudble,

"There has been a moderate demand for elsctrical plant for some
time past, and the condition oi wany of ihe principal workshops sugpests
that they are well off as regoxrds output, but on every hand one hears ‘
the lament of low prices ees. one has wilnessed a rather curious
phase in selling which has at some time or other affected nearly
every firme With the prospecy of enpty shops many firms have rushed
into the market and procured work at any prioe and after a few
repetitions of such actions .... a close student. i of affairs must
have long recognised that, despite the conslderable démand for heavy
mechinery this section of the industry is suffering from over
m&mtiono"

Prices aoritimued to fall; 4in the three yeara 1905 « (8 they were said
Yo have fallen another 257,
The period of falling profits was a long one, extending from
1900 to 1920, It began earlier than ons might have oexpected becauss of
Continental comretition in the years 1900 « Qe It was not a period of
rapid decline; 4t was a long slow squeeze. Profits were often below the

long term rate of interest, but were very rarely negative, In a way this

1o E.Re Vol. 56 PP 1 = 2, 6 Jenuary 1905,
20 E.R. VOIC 60 PP 85 - 60 i8 J'anuary 19070
Je  Crompton Company Reports.
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wes unfortunate; capacity was not reduced es it might have been if profits
had fallen furthor and fastere Only one elecirical manufactursr went out
of business, T. Parker Ltd., which was, significantly one of the smaller
firmss Mechanical engineering firms with small electrical depertments
would be in no mood to abandon them es they were probably not \’mproﬂtablo
compared with mechanical engineering products, and future prospects
always seemod promising. .

M)’I‘able 77 shows financial asseis did not rise as they did in
the 18908, But increases in the volums of output atill put severe
financlal strain on firms. This sirain 1s best documented in the case of

‘
Brush., From 1900 onwards the exponsion of working capital was financed by

loanss In 1902 there was alreedy 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 1n’ mrogross and the difficulty of collecting money owed to the compeny.
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 overdraf$ with

the London, City and Midland Bank of £34,902¢ In February 1904

Paxrs Bank asked for the overdraft with them to be reduceds The

next attempt at raising money was in Larch 1904 when the Chairman

(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. Brush
had also been borrowing direct from B.E.Ts 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 camplote electric trains for
the London Underground in May 1904. They were to bs dolivered between

1. Vhat follows is based on the mimutes of the Brush finance Comuittee
fram 1902 to 19C8. Brush Historical Records.
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September 1904 and January 1905 at a total price of £75,674s Brush wrote
to B.B.T. with a request to borron £10,000 for this contract. They
proposed 474 Bills; five at £1,500 to mature on 30th September, and
intervals of une month succesaively, and one of £2,500 to maturs in
February 1905,

The absolute size of short term indebtedness can be seen from
the position of April 1905. &:.120,,7781 was outstanding at the tims, while
the total v,alue of stocks and work in progress in Juns 1905 was £151,511.
Brush was continually bumping along tho ceiling of short term borrowing.
After 1905 borrowing from B.E.T. and Parrs Bank rose, although other
short term debts fell, By July 1906 £75,083 was owing to Parrs and the
bank wented it reduced to £50,000 and declined the Brush request for an
advance of £,0,000 on the specific security of the St. Petersburg Trsms
contrecte At the sane tims B.E.T. wanted the load of £50,000 to be repaid
in instalments of £5,000 per months Thus Brush was forced at a bad time to
raise £79,765 on debentures, a move accompanied by a reduction in cepital.

British Westinghouse, B.TeH., Siemens Bros. Dynamo Works and
G.B.C. were fortunate in possessing extra sources of funds. British
Westinghouse was very heavily financed from Pittsburgs. At the end of

2
1906 tntal expenditure on capitel account was £4,79 millions The American

1. Made up a3 followss £
B.E.T. 30,740
Lord Vaux (Chairman) 13,058
Parra Bonk Loan ‘ 26,000

" " Overdraft 11,742
Chartered Bank of India _39,238 _
120,778

2+ Expenditure on putents, factory, plant, inventories and work in progress,
net trade lending, shares in other compsnies and experimental work,



Table 77.

The Expansion of Assets 19C4 « 10,

(Dec. 1904 = 1909)

“ Increasse in Incrcose in  Increase in
fixed assets stocks and financial
. after deprece vork in assets,
iation Frogress :
British Westingh 8,166 o i ‘w
() ouse 32
(Fuly 1904 = Dec. 1909) ’ 526, 904 124,489
1 1
B.T‘I‘O 8 .866 1 (
(iaron 190 = 1910 3 31,70, «483,558
Dick, Kerr & Elect. 70,654 «39,645 178,598
o & Oarri.a?e Coe |
(June 1901» 1910
2
Siemons Bros. Dynamo Works «7l, 847 280,414
(Dec 1904 = 1909 .
, 3
G.E.C. (Witton Works) 6,519 2,472
~(Dec 1906 « 1910) - v .
Brush 9,567 18,479 «71,280 b
(Dec. 1903 - 1909) - )
Crompton B 387 544,155 69,026
(varch 190u 1910) |
E.CuCs ’ «ll,365 ), 849 «37,260
 (uay 2904 « 1910) |
British Electric Transformer 4,611 «2,927 «619

1. VWork in progress is under "debtors”.

2, Not distinguished from Siemens Bros. in 1904ke  S.B.D.W. Works "oreditors”
' includes very substantial loan 1‘rom Siemens Schuckert.

3, Heavy plant manufacture wes only & part of the aotivitics of G.E.0s

ke No allowance made for special write off when Brush capital was reduced
in this period.

Sources Company Balence Sheetis.



British Westinge -

house

(uly 1900, -
v Dec 1909)

B.T'HO
(March 1904 « 10)

Dick, Kerr &

Elect. Rly, &

Cart’iage Co.

(June 193, « 1920)

Brush
(Dec. 1903 1903)

Crompton

(March 1904 w 1910)

EoC.Co
(June 1904, = 1210)

British Electric
ormer

(Do, 1904 = 1909)

Table 73,

The Source of Funis 190} = 1010,

Borrowing ‘
on ardinary on prefe on on loans Retained Pp
shares ' erenge debentures before
8hares depreciatios
& £ £ £ &
864, 300 «176,036 «8,2,8
"7_-050 «200,750 «339,080 113,715
100,000  w32,212 h2,387
79:765 «100, 000 29,382
9,375 " 38,770 31,283
(short term
notes)
*10. 000 010, 000 32 » 610
- L153 5,06 5,418
hto)

Sources Company Balance Sheets,
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campany had provided £3.74 million. It had also lent money to British
Westinghouse's customers, principally the Mersey Railway and the Clyde
Valley Power Co. through Traction end Power Securities Itd. Then in 1907
this source of support was suddenly cul off when the parent company fell
into the hands of the Receiver as it wos unable to meet its short run
financial obligations in the penic of that years Short run lomns from
the American Westinghouse company were considersble -~ amounting to
£186,37h in July 1907. Thus British Westinghouse was forced to go to the
British capital market, at a times when the company's fortunes hed bsen
very low for several years, Howevsr £2,5,000 was raised dn 6% prior lien
debentures,

It is not known howv much General Electric prov.iﬁcd to establish
B.TeH.*s Rugby factory. But short term lending was considerable. By
liarch 1905, £674,319 had becn borrowed from General Electric and although
the subsequent fall in business enebled this to be reduced to £174,098 by March
1910 4t began to risc from then onwards as business expanded,

Falling profitability end general financlal stringency were
as30c¢inted as in the ninetles with a slow rate of technicel progress.
The new firms and new products of the years 1897 = 1904 secmed to have brought
British electrical machinery manufacture up to dato again,1 but there was
soon evidence of la,ging behind Germany and the United Statess The gap
never becans as large 63 it had in the nineties, although this ;vaa partly
at least because of the different posaibilities of technical progress. 1In

the nineties there wers important new things to be developed) traction
.

1. S.R. Saul, O[Zocit .
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polyphase a.c., much bigger generators with difierent types of prime mover.
After 1900 =« 03 all these things had been introduced, and poésible changes
were all in the nature of a stream of small improvements.

Unfortunately the evidence is inadequatc to attempt any precise
ncasure of the length of the technical lag. It dees however‘aeem to have
veried with different products, and was perheps longest in big generating
plant. For example K. Baumemn1 told the lianchester section of the 1.E.E.
in January 1912 ihat "the inorease in the output (size) of turbo alternators
has been more rapid in the U.S. and on the Clntinent than in this crmntry."2
The minicipalities also seem to have felt that Briiish mede central station
plant was somewhat inferior, Defenders of the unprofitable performances
of the electrical menufacturers state that this was mere prejudice but
there is considerable evidence to show that municipalities preferred
Engl:llsh plant, and only bought German plant because it promised lower
opcrating costs or was cheapers And on the whole it was not cheaper.
English buyers preferred English cables, and there ars many cases where
they bought English cables at prices above those of German cables, Why
should they behave differently over electrical machinery? Left wing
minicipalities 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 ratese The
L.C.C. and many of the London Borough did this and such a olause
effectively excluded foreign tenders.
ds British Wéstinghouse's now Chief Mechanical engineser's
20 E.R. Vols 70, FP 317 = 21 and 395 = 61.
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Hermann Levy, writing in 1908 « 9 pointed out the "greater
reported utility" of Germen, Belgium and U.S, elcotrical machinery
over that of English manufacturers = "a fact oftcn neglected by,
or undorestimated by, complaining British producers but well
auppax'ted."‘l In this contoxt it 1s useful to look at the foreim
trade statistics of value per ton of electrical machinery. Technical
progress reduced the weight of products for a given capacitye The
following figures of the value per ton of electrical machinery
exported from and imported into Britain from 1904 to 1913 suggest that

Britein was exporting less developed machinery end importing more highly

English exports Wﬁnslhh m;.g:

£ - £ | 8

OO e 7
5 72 | 73 7%
06 70 83 85
07 81 | 81 86
08 3 82 9
09 " 1 o8
1910 W 9 9
11 9 122 99
12 82 155 103
13 85 121 16

1. Hermanmn Levy, Mono and C tition, London. 1911,



developed machinery by 1910 = 11 although shs had not besen doing so in
1§OI+ = 5. This is consistent with slowar technical progress, but this
evidence is not conclusive. English exports were largely to the Emptre,
where elecirical development came a little later than in Englands Thus
smaller, simpler plant was of'ten more appropriates It is also possible
that .there were a&stematit shifts in the type of electrical machinery
involved.

Despite the assocation between low profits and slow technical
progress, the possib.‘l:e connections between the two are not clear,
Evidence is rather scanty. In soms ways the very strong competitive
pressure of the years 1901 « 10 could ve expected to be a atimlufto
Successive small improvements could be introduced into successive
ocontracts, Firms competed both by giring better gnarantees as to
performance than campetitors,. and by tendering lower pricess 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
?rofit squeeze went on for so0 1oi1g that 1@ became enervating or perhaps
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 ninetiss in

that there does not seem to have been as large & rift between engineers and
business men, Yet there was a growing feeling that there was a gap between

de¢ AS 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
elecirical engineering circles for the view t'ﬁ,at what was needed was &
generation of "comuercial engincers = or engineer tradorl"1 The lack
of enough peogle who could canbins engineering and business was an
important deficiency in the British economy at the times However it
scons to have been most noticed in eleotrical engineering oircles, end
this may indicate that the effects of this deficlency were more marked
in electrical machinery mamufacture than in other tradea.z The Americans
and the GCermans were supposcd not to suffer from this lack of comuercial
engineers and thus it is interesting to see that British Westinghouse,
B,T-H. and Siemens Bros. Dynamo VWorks were 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
mohk;ory in Britein, if one seeks to explain the slow technical progress.
It was also argued by many comtemporsriss that English firme
were backward compared with the Germans and Amoricans, not only in their
engineering developments, but in their market behaviour. The complaints
were subsumed under "selling" deficiences. . English firms waited for
orders and did not actively stinulate business. This was said to be one
reason for the slow development of their slectric power equipment business,
This point has been made elsewhere; in essence it is that manufacturing

firms could increase sales by reducing uncertainty as to the relative cost

’
/

3
of electric and mechanical power transmission, It was /arg.\od that this

l¢ Inaugural address of J.M. Railin. to the Birmingheam local section of the
I.E.E. oRo Vol. 67, P 810, 18 Novembf"r 19100

2y L. Urwick and E.F.L. Brech. The llaking of Scientific Management 1946 = ¢

Vol. 2, PP 108 « 130.
.3« Chaoter 6.
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could only be done edequately if good comueroial engineers were employed
to seek orderse This is what the Amcricans did, this is what A.B.G.

814 in South Wales.

m

Concentration.remained hich. In 1907 we can loock at this
for the whole electirical machinery group. Gross output figures are
given for sbme of the major firms in Teble 79. Unfortunately for
Siemens and Dick, Kerr estimates have had to be made. DBecauses there
are no output figures at all to gulde ones crude estimating procedure,
the Diock, Kerr figires are rather speculative, The 1907 Census gives
the output of electirical machinery plus arc lamps at £4,541,000. To
this we must add something for contracting. As most contracting work
was done by cable makers end firms doing only contracting, I have taken |

!;t'

a third of the total. Thus total output of mechinery firms is essumedd
to be 84,967, If all the assumptions made are correct ths four major

firms, British Westinghouse, B,T-H. Dick, Kerr and Siemens accounted for
1

57% of total output.
Concentration however varied in different segments of the markest,

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 avove was even more concentrated. In the

yoars 1903 = 6 it was largely in the hands of four main producers,

ds N.B. The Dick, Kerr output included tram oar bodiea.
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Table 79.

Grucs output of elecirical machinery of
Yoricus fixme 1900 = e £000

1 2 ) b

B.¥, Dy Twil, Blomens  Dick,Kexr  E.CuCe  GWB.C,
1990 253 183
)} 245 9
02 a7 2351
03 823 . 409 175 38
o 1,220 | 425 207
05 1,491 I AN 119 10
06 591 500 22 119
07 1,109 539 . - 690 5C0 an 155
® 1,03 483 620 | 435 155 4
0? 957 409 780 ey 1% - 108
1910 589 890 20 U0 1,0
no 2,206, - 1,215 370 151 180
12 1,439 1,137 1,345 228

3,76 1,307 1,101 510 279

Firwus drow up their accounta at differonct timess ALl Ligures
are put under the noarcct calondar year,

1. Dritish Weatinghouse.

2, Orders. Sales (4ncluding incendescent lemps which have boen exoluded
from orders) 1900, £539,401; 1909, £535,009;3 1911, &£578,067
1012, £303,%4; 1913, 5103553620-

- 3¢ Dynamo, Electrical Installations and Electirical Trade Dopta. at Woolwich
1900-« 02, Siemens Dros. Dynamo Works 1911 = 13« Froa 1907 « 1910
cutput has boen estimated from stocks using a stocks ocutput ratio of O.h3,

be Estinated throughout from stocks using a stocks output ratiq of 0.45 |

. a

For com.ents on tho use of stocks cutput ratics sse Appendix



Table 80

Dynamos - installed in Ceritral Statiorl892 - 1913,
;5 mamifactured br larce firns

s a0 2.Ce0e Druch Croopten Ferratytd T0T Te  Cotain® —eimide  -iiis -840y T&ISOT, Jruce Ge3sCe lancs  Cortlnamtol Mo
g Sdacens ) . Bouso fer> | * e bles wgano {8 Tarzan) °
T 18,8 7.9 1%l 23,6 4.8 5.4 2 3e Sohuciiart, 8,7.%
R - o Foblom,  Lahoeyer,
’ ﬂ.G 507 19.1 5.1 1600 609 200 5. uskor, Helloa,
i 5 ' Slecers & (5ls o,
y a2 1eh 406 7 200 &e2 0.6 . 3¢ Titting Croe Droun
A : : ' Bovari, .erliion,
’w ”.5 12'5 602 900 w.’ 3.1 3.2 1.: 5.:1‘33’{!'1':!33 et
- : - . ‘ Lydraulicus,
6 ”.2 ?.3-? 10?0 901 2&\.2 5.6 ‘o, ) Le! _Intexmtitm
1 26e2 133 &4 5.6 23.0 23 ~ 8.8 et 8,9
B 253 96 25 6h LB 46 8.8 el 2543
g 221 5 2 33 192 2.4 Ll a9 3e( 2,0 Ce 2.8
WO 305 24 LT 48 N7 26,9 23 Lt 21 S 24 0ul 5.2
1 Th 00 52 W0 LY BE %7 2003 26 bef kS 8.y 06 L4 40
2 X3 53 76 22 WA LS 20 90 205 b WO 2 0 2.9 8.7
y el 16 0l 1.9 2eds 22 353 171 15.5 36 3.9 1.6 12 2.2 8.7
| | i, | )
A % § 33 2,0 (o5 h PR L1le5 5.0 bed 2le% A 502& 303 3.2 7.9
5 53 53 32 0.7 2.2 7.6 9.5 . 17.8 2.4 g 48 8,2
6 91 Ce? 53 1.8 bt -11.0 20.0 6.7 15.6 1.9 : 10.9 2.1
129 W5 2.6 - | 7.7 T4 508 3.5 . 2.1 5.3 | 6.8
b 138 2.5 1.3 27.1 17.5 18.0 1.7 ’ 5.6 2.2 6.7
§ .8 L5 6.1 241 k3 3.9 9.6 Sels 3.8 5.0 8.2
W 25 2.9 1.8 2.2 hb BT 7.6 6.6 4.6 5.5 L3.0
4 2.8, 5.2 3,3 1.3 .9 28.2 1.5 1.6 3.1 5.8 8.2
R 27,3 17 1.8 o4 6.2 2.0 5.1 5.1 3.9 3.1 L2
Y 176 2.1 46 02 6.9 15.0 1L9 43| 2.7 3.7

22.8

Por method of calaulation see Appendix P 507

;Source: Electrical Traciés Directory.



The gmrket for central station generators

Table 81-

Year % shares of the market in the hands of the
rel 125 e TR xes

Up to ,

1852 17,9 3440 49 642 71.8

1893 22,6 1.7 571 ypnn 8.3
N 40,6  61.8 T8 76,0  79.0
5 396  58.9 This  80u4 8646
6 3.2 58,9 731 822 858
7 26,2 49,2 59.3 6242 67.8
8 263 396 5Ly 6.0
9 / 24 385 537  58.8

1900/ . - 185 3Bk 431 W8S 533
1 / 8.6 ° 170 25,0 324  37.6
2\ "/ 17,0 325  43.0  52.0
3 33 Slbk 619 TLB - TS
4 W6 63.0 613 Tl Ths
? 21,2 390 48.3 559 | 62.0
6 2000 35e6 4.6 515 . 666
7 50.8 58,5 65,9 T2 757
8 270 45,1 626 6k 82.0
J 2.8 48.9 58.5  6heb 7040

1510 12.5 20,1 26,7 322 3649
1 2842 53.0 67.9  73.7 78.9
12 273 Slred 70.5 7546 8047
13 17.6 32.6 bhe5 514 5640

67th_ i
6201

59.6 ° ’ﬂ“;'

% imports

2.6
2,0
0.6
1.2

397
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British Weatinghouse, B.T-H., Dick, Kerr and Parsonss Subsequently the

share of Parsons declined and Siemens joined the other three in the first

rank of quantitative importance.

The market for traction plant was much more concentrated.

Pive home producers sunplied this market and other firms were scarcely

1
{nvolved at alle They were British Westinghouse, B.T-l., Dick, Kerr & Coe

2
Brush and Siemens. At first B.T«H. and British Westinghouse provided

post of the motor equipments, but by 1901 = O thoy were Joined by the

other three. Information is available about tenders for tramvay notor
3
equipnents and in nearly all cases only thess five firms tendered.

British Westinghouse, B.T=H. and Dick, Kerr nearly always tendered. In
the case of electric railwey motors and equipment, concentration wes
~ even higher. The London Underground Railways had their motor equipments

supplied almost entirely by B.I-il, and British Westinghouse, The only

exceptions were the short Waterloo & City line and the City & South London

I .
Railwaye Westinghouse equipped the llersey Railways. The two ploneer

main line electrification schemes, the North Bastern and the Lanocashire

end Yorkshire were equipped elecirically by B.I-H. end Dick, Eerr

respactively. The only other big schemo completed before 1914 was that

of the London, Brighten and South Coast Railway., A.E«G. provided

1. Assuming Westinghouse and B.T-H. imported all their plant from the
Americon parents up to and including 1901 and manufactured all their

plant in England from 1902 onwards.

2, Siemens traction equipment seems to have boen made in Germany before thq
opening of Siemens Bros. Dynamo Works traction department at Stafford

in 19Ck.
3, See Teble 82 for nubor of firms tendering. lore firms tendered for

laying the line, cables and overhead wires, but this is a aifdrent

mtter °
he Sce T.S. Lascelles. The City and South London Railway P 34 for dgtv.n.

A? tha malkars of eléctric locomolivoSe




all the motor equipments. The smaller schemes werc the Bury-Holoombe
Brook line of 1912, extended into the Bury-lanchester line, the re-esquipping
of the Liverpool Overhead Railweys with more powerful motors, and the

- Heysham, lorecambe and Lancaster line of 1908, The electrical 6quipment
was provided by Dick, Kerr for the i':l.m't two, and by Siemens and
Westinghouse for the third,

High tension, heavy power switchegear was also rather highly
concentrated. Switchgear developed as a separate branch of electrical
engineering fram the oveginning of this century with the advent of large
power circuits at high vc:.‘l.tage:s.‘l In the last few years of the 19th
century two firms were outstanding in developing switohgear, Ferranti and
BoT=ls ' In 1894 Ferrenti first put switches into individual cells. 1In the
following year he designsd the first oil break switche B.T=H. laid the
foundations of its switch gear engineering when carrying out the Central
London Railwgy com;rac*\;."Z In 1903 = 4 B.T=H. and Ferranti were the two
major high tension switchgear manufacturers. It was also at this time
that the firm of A. Reyrolle & Co. began to become important. Reyrolle,
& Frenchmen who had set up a workshop in London in 1886, did a lot of |
switchgear work for B.1-H. in the late nineties. In 1501 he expended his
business into a private company and bought a works at Hebburn, NMear
Newoastle. In 1905 he was joined by H.W. Clothier who had been with

1. Higher voltages increased the chances of arcing, Higher power (K.V.A.)
on circuits meant that any faults which would cause circuit breakers to

intercept the current could lead ti mechanical strains of explosive
force within the circult breaker itsclf, For the development of
switchgear sce H.W. Clothier. op.cit,

2¢ B.T~H, Reminiscences. p 1o, >

3+ Camas to England 1883 end worked for 3 years with a firm of scientifio
instrumoent makers.
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Ferranti. He very quickly developed the now famous Reyrolle metal olad
switchgear. The first installation was made by Reyrolle 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 mich less concentrated. A number of
mechanical engineers and tool makers were drawn into electrical engineering
in the years 1888 = 91, The beginnings of factory power after 1901 drew
in many more. The range of uses for electric motors was very wido. from
steel rolling mills to spindles, and was to some extent segmented, with a
few £irns supplying perticular types of motors. This was partly because
mechaniéal engineers would concentrate on building motars for their range
of machine tools. But motors could never be as differentiated as tools,
and thus the degree of competition between the various segments of the
. market mist ‘have been high. Also the electrical mamufacturers 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 mnrket) although below that
for central station plant, but that there was a long tail of small producers.

This rather sparse information on the structure of sellers can be
added to by data derived from published tenders. lMost tenders were not
published but there were still quite a large mumber which wers, They
indicate the mumber of firms in each section of the market, But they only
relate to utilities. The information is given in Teble 82, Firms did
not tender for all contracts. This is noticeable in #otating plant,

switchgear and transformers, but not in cables and traction equirment.
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Electrical plant & machinery sold to utilitics, Number of firms tendering.

Year | Cables

s
wcqmu;—uwpg\omqo\ng

1910

& Kk B

b

. W

motors.,

(
75
6oy
740

1)

55
15

5.8

. T3

8.8
Do
7.6
1.1

70 1:’

6.8

607 )

8.5
6.9
9.2

10,1

11.0

Average number of firms tendering for ecach contruoct.
Humber.of contracts for which such details were published.

Rotating plant is principally generators, rotating convorters, largs
The fipures are of firms who were also manufacturers,

a v v b auk obuweegwe v

(2)

2

s

_—

T#b1382.
Rotating plant | Switchgear
(1) (2) (1) (2) (l)fomfs
6.0 3 - 9.0 1
50 3 9 1| 70 1
643 3
50 3 57 3 | 8.0 1
8.5 & .88 5 | 35 2
T8 4 .70 2 40 1
8.0 3 e
5.0 5 | 1.0 3 |
2.0 3
3.5 2 21,0 1 §1o.o 1
52 6 %0 2 | 5.0 1
U5 & |
10,0 5 8.3 &
8.3 7 1.3 3
9.0 7 98 & LeO 1
90 6 1] 7 3. 61 3
6.0 3 60 & B0 1 -
6.2 10 9.3 & | 53 3
67 6 o 2
72 7 78 4! 7.0 1

(1)

* 645
* 640

645
140
50

bel

540

40

k0
3.0
340
ko0

O e M e RN MW N

Static Transe Traction BEquip=

ments
(2)

it is

however impossible to guaranteo that all agents tendering plant not
manufactursd Ly themselves are exoluded,

Souroces

Tender details published dn the Electrical Review,
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Table g3,
Rotating plant for Central Stations. Firms tendering for end supplying plant.
Firms tem(iix)'ing for Firns gxzq))plying Proportion firms
rotating plant. central station tendering for each

Average per contract. generatora. Total p.a., contract.

<1.xze£;eez;£a;sxesez?La
1

252 | . 3 year nmrf:‘ug average of
3 "/ 1
b 6.0 13
5 547 12 o5
6 63 15 c oy, oled
7 5.0 13 C W
8 85 - v 20 . " ‘ ?félﬂ 37
9 i 78 2l ;' o3b
1900 8.0 K 36
11 4 1540 : 3 e 50
2 1 //:» 23.0 29 «5h
3 13.5 y 33 ol
4 542 - 2l ; ol
5 o b - T X1
6 w0 o 5 L B
7 L 8.3 2 . 3
8 9,0 16 | ou7
9 9.0 17 | . olb
B0 . 6.0 19 e
u e | 18 « o6
12 67 16 o
1 7.2 19

Source: Tender details for Col. 1 and Elecirical Tredas Diractars far Qol. 2. 4
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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 avcrage number tendering
in any ons year., The ratio between tho two is steady in the long run.
In the depressed oligopolistic situation of electricidl machinery
menufacturdng one would expect some type of association betwoen firms.
M were attempts to form some agreements, but until after 1914 they
were almost entirely unsuccessful. Blectricel manufacturers first began
to conaider combinstion over the harsh c’oxﬂitions of contract imposed on
thea by the municipalities, After the experience of the early nineties,
the principsl manufacturera came together in 1895 to try and change the

usual conditions of contract. In larch 1896 the Eleotrical Review

reparted that thers were rumours that existing manufacturers wers "taking
1
oounsel togethers”  The rumours were correct and the substance of the

matter is given in a letter from R.E.B. Crompton to J.F. Albright,
2

dated 1) Pebruary 1896,  Crompton says

"I am sure you will be glad to hear one thing, which is that
after a good deal of trouble we have at last pot nearly all the
principal manufacturers to agree to form an Association to be kept
as quiet ns possible, first for the purpose of agreocing to boycott
certain clauses in specifications e¢.ss Sccond to agrec to insist on
botter terms of peyment in municipal contracts (i.e. more ropid payment)

esss theroby limiting the power of the consulting engineer .... The
lost firm to Join has been Parker. Everyone is in it but Siemens
and Siemens' people are quite ready to join but Siemens himself is eway

in the Amazons."
The Association (the Electrical Plant Marmfacturers Association)

antered into negotiations with the Xunicipal Electrical Assoolation to

1. E.R, Vol . 38, PP 291 = 2, 6 Harch 1896.
2, Crompton Historical Records.
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establish standard cleuses governing the relationship of consumers,
manuf acturers and consulting engineers, DBy iiarch 1898 commercial
oonditions had becn dealt w:l.t'.h1 and 1% was hoped that more would be
dons by standardising many techmical featurss, Brush, Crompton, the
E.CiCey Ferranti, Fowler and Johnson & Phillips were the mamfacturing
firms hfxvolved. * Tha Association doss not seem to have thought of
price agreaments or market sharing.

This documsnt had little effect on practice. Municipalities
still proposed harsh condition in their specifications end these wers
accepted.  Representations were made to the Institution of Bleoirical
Engineers and in Deccmber 1900 a committee was formed to prepare a draft
set of "model clauses", Represe‘ntativea were recruited from the
lunicipal Eleotrical Association, the Electrical Plant Manufacturers
Association, the Cable lakers Association and the Exmmeuingahploym

Fund, 1In April 1902 a draft of these clauses was published, Their

de The following model clauses were drewn up:
(a) Ixtra end edditional drawings to be paid for.

(b) Variation of works by (consulting or municipal) engineer on the
spot to ceuse adjustment bo the contract price.

(c) Penalties for non completion of works not to exceed 1% per week
of contract value.

() Rent of 5/ pea. to be paid if works used before contract completed
and paid for.

(#§) Payments were to be made &n each month for 15/ of the work done in
the month until the 25, balances added up to 10,7 of the total
contracts Then 90/ of the work dons in each month was to ba paid
for each month.

(f) Dlaintenance by contractors, save for fair wear end tear, to be up

to 12 months onjy.
(g) Disputes were to be settlod by arbitration.

) 20 EoRo VOIO 50. PP 709 - 100 2 MQV 1902.
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intention was like the 1898 clauses to redress the balance in favour of ',
tenderers. Dut this latter document had no wore effect. In May 1900

the Electrical Review comuented that the I.E.L. model conditions had not

came into general use. Contracts, as one might expect in view of the
deproaa?d state c;f' the industry, were still very hard on contractors,
particularly with respect to terms of payment, absence of arbitration
clauses and abnormally heayy penaltiea for late delivery or fallure to
moet wmntees.1

Othexr attempts to restirain competition had no better results.
In 1902 the National Blectric XKanufacturers Association (N.E.M.A.) was
romed.2 Its members however did not include ths biggest manufacturers.

J
' British Westinghouse for oxample did not Join until 1905, Largely

{

because the largest fiims were outside, it achieved little. In 1909
its paat/ achievements were said to be concerned with "railway rates,
customs classifications, specifications, fire insurance, exhibitions,
Christmas boxss and o:.her trade abuseé, the establishmont of a
benevolent fund eeee b The tone of N.ieil »'s annual reports confirms this.
It wes not intended as a body for restricting competition, but "to represent
the views of its members in matters of general interest bo the industry."

Yet it was clearly hoped that something uight be done about prices under the

N.EoM.A. umbrellas In some branches of the trade this did happenj by

10 E-I-Rl- VOIO 620 PP 725 - 60 1 May 19C8. 4

2, lonopolies end Restrictive Practices Commission. Report on the Supnly
gnd Exports of Blectrical and Allied Machinery and Plant, 1957 P 3.

3¢ BE.R, Vol. 64, P 950 11 June 1909
ke E.R. Vol. 64« P 950 11 June 1909,
5. Monopolies Commission. op.cit. P 1J.
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1907 the conduit mekers hed "formed an association for the better safee
1
gaarding of their particular interests."  The Elccirizal Review

coarented in 1907 that "in some smaller lines the meabers of certain
trades who happsned to be members of the Electrical Menufacturers Assooliation

were reported to be successful in efforis to raise prices when rew
2
materiel prices rose."

But in gonerztors, motors and other heavy machinery nothing was
echieved despite a serious attempt to reach en agreement in 1907, 1In
January the Electrical Review said,

"We are told that attempts are being made to bring manufacturers
together again for ihe purpose of correcting prices, but while most
firms have evinced a rcadiness to particivate in such an agreement,
we fear the wovement is not likely to succeed because it is
comnonly underatoocd that 2 or 3 firms are strongly onposed to a

combination, "I
Its prediction was confirmed nine months later by a letter from A.P. Wood,

the Geﬂeral Manager of the Lencashire Dynamo and lMotor Cos He gaid.

“"Some months ago various marmfacturers of dynamos and motors made
a stremious effort to repulate the prices of eleoirical machinery.
They got out & complete schcme for the working of this, which met with
tho unanimons aprroval of all the mermbers, yet threc or four of the
largest finus in the country definitely refused to coawe in and the
scheme hed to be sbandoned. In view of this, and also of the fact that

there are so many dynamo manufacturers in this country, it seems to
bs practically impossible to get a schems togethor for a general

regulation of prices.”
l¢ 2nd annual report of N,E.M.A. E,R, Vol. 60 PP 601 « 2 12 April 1907,

20 E,R, Vol. 61, P 432, 13 September 1907, There was an early prioe
ring for example in meters and wo mny suprose it was in operation 'by
1907, Also there were agrecments in electric lamps,

3. EQB’ Vol. 60. PP 85 -6, 18 January 19Wo
he E.R. Vol. 61. P 487, 27 September 1907.
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1
A "lianufacturer" writing in the Llectricel Review 4n 1908 put a similar

wlewpoint, Several times in the past, he arpued, manufacturers had tried
to arrange matters itogether with a view to agteeing on conditions of
contract, and limiting the fierceness of the competition at present
existing vetween them, but they were unable to agree among themselves;

or, having agreed, were unable to ablide by their undertakings, Although
only 10 = 15 firms were involved, he had no high hopes of future agreement.
He argued firstly that there wers both healthy end unhealthy firms and

that any agrecment would nandicap the former. Only sf'ter soms elimination
of weak firms would combination be possible. Secondly he srgued that the
big four had divergent interests. Dick, Kerr haé British menegement

and was f'im.nced at home. British Westinghouse was of Americen origin,
and ilvas still run by Americans, although it had besn financially disinherited

by Ats parent. Dritish Thomson~Houston and Siemans were controlled and

/
financed by Americans and Germens respoctively.

In the avent there was no elimination of "unhealthy® £irms, but
the improvement in trading conditions in 1911 = 12 did provide much better
oircumstences for price agreerents. In 1911 N,E.M.A. was roconﬁtmotod as
the British Electrical and Allied Menufacturers Association (B.E.A.M.A.).
This tine all the majcr manufacturers were membars, From about 1912 there
wém same price agreements relating to the turbo generating plant. In
1913 the first agrccment was signed relating to the prices of small motors
and generators. In the same year five transformer memifacturers joined

togother to operate a rotilication agreement, and three years later began
2

to arranyge commnon prices.

1. E.R, Vol. 63, PP 566 = 7, 20 October 1908 The Promosed Electrical

Leasue and criticism fram 8 Manufacturers point of view, by"Manufacturer.®

2. lonopolies Comnission. op.cit. FP 59, 114 end 150. \
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All this contrasts sharply with tue situation iu the cable making
section of the industry. In 1899 the Cable Kakers' Asuociation wgs formed.
Ostensibly it was to prevent deterioration in quality which firms in the
industry felt was taking place owing to competition. Firms Jjoining agreed
to accept es a minimum the prices ithen ruling and to compete only in
qualitys The cables of three crades then most in use were standardised
both aB regards welghts 'az:d' resistances of the copper conductors, the

1
thickness of the dilectric, and the prolecting coverings overalls  In 1300

the C.M.A. Buggested contract terms for tae supply of elec.rioc supply main.z
These were simnilar to those suggested by ths Bleotrical Plant Manufecturers
Association end Junicipal Eleoirical Association in 1898. But in prectioce
the cable makers were able to exercise much more influence on
munioipalities than the olectrical machinery makers. They struck out
clauses in specifications which they objecied to, and were often awarded
the contract despite this. |

They were successful for ¥wo reasons. Firstly the intermal

discipline of the group was muoh greater than that of tho machinery makers.

Concentration geems to have been highzrs Tae trade in elcotric light
J
and power cables was dominated vy British Insulated Wire and Callanders,

although eight or nine firms regularly tendered for contracts. As ocan be
seen from Table 84 the product was much more stonddrdised than most

1. Letter from the C.M.A. to the Electrician. January 1306.
Quoted in the E.T.D. 1908. [P 109 = il !

Qe E.R. Vol. 47. FP ws - 7. 21 beptemoor 1900.

3, In 1902 it took over the Telograph lianufacturing Cos and beceame
British Insulated & Helsby Cables Ltd.
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Toble 84
Tender veriances for 2iffovent product groups 109 - 1913,
Verionce : Number of contracts.
Rotating plant 167 110
Switchgoar 36 64
Static Transformers 195 17
Tramvay equipmant 90 26
Accumulators _ 33 22
Cebles 79 : 87

s The average of the variance of tenders submitted for each contract.
To allov for differences in the size of controots, oll tender prices

were expressed as a percentage of the average tender price for a contract,
The variance of these percentages vas then calculated.

Source: Caloulotions from tenders published in the Elecirical Roview,
machincry, and the C.M.A. reduced heterogeneity by introducing minimmm
standards, Thus competition other than on price was reduced. Ay
sheding of prices was more obvious to the group than would have been the
case with 2 more differentiated product. Individual firus had thus less
incentive to reduce rrices, es such reductions would be obvious and likely
to be followed by other firms.

Secondly English cable mekers wers not 'nt the sauc cost
disadvantage compared with foreign competitors as oloctrical machinery
mamufacturers weres. Tochnical progrens was much slower in cables, and
quality was primexily L;aproved by carcful mamufzcturs and the use of

high quality materials. Although English cable makers do not soem to

1. P,V. Hunter and J.T. Haﬁou, 2!2.01 Y Chapterl 9 and 10.



Table 85

Profits of cable mskers. Annual profits as /o of Pixed Gapital,
wdnventorics, work in Jrorress ard shares in othrr commnies v .

1

1895 B.I.We Callender Siemens Heﬁ.‘cf Clover I.;e.. E.P.z Td.h?gn;’
% 9.4 11.4 | 55 10.7
97 12.0 be6 7.7
%8 16.7 Wl 69 62 749
99 157 10,9 3.0 1Ll 85 57 71

1900 161 155  10.6 135  Te5 62 . 8.2
01 83 12,0  13.2 13.6 6.8 . 845
02 - 8.9 8:0 1.8 13.0 5.2 .2 6.5
03 8.6 63 2,7 8e3 349 L9 8.1
O 81 63 ke 8ol 4l 28 3.8
6 83 %l k2 B 7.1 5 5.9
06 3.2, 8.9 5.5 b 10,1 . 546
07 960_,4/ C62 Tl 9.8 9.1 51 - 6.6
B 129 63 . 8.0 91 83 49 4.8
09 843 50 8.1 | 646 ko9 Selp

B0 %3 52 84 T 6.8 8.9
11 9k 72 W7 . 2 Bl w25 5¢7
12 105 93 649 10,3 16 4 4,0 6.8
13 - 12.9 8,2. 10.5 12,2 9.8 be2 6e7
Ly 20,9 042

l.  British Insulated Wire. After 19(2, British Insulated and Helsbys
2.  India Rubber and Cutta Percha Co. |
J¢  Telegraph Construction and llaintenance Co.

Tel. Con, and I.R.C.P. wors larpely concorned with tolegraphic cables.
Sounsats Camnanv Bnlanca shaats and Profit snd Loaa ancmimba.
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have given the same attention to research as did the Germsns, they were not
left behind in the years 1904 - 10 us were munufacturcers of electrical
machinery. This seems partly to have bcen boceuse cable doaign was not
changing as fast as machinery desipgn at the time, but the effeot of the
price agreement in keeping up profits may have helped by providing
adequate development rescurcod. | Cable makers profits ars shown in Table 85
Decause there was no appreciable gap between the quality of
British and Cortinental cables British Cavle makers were able to exploit
the preference of municipalities for British plants, There are mmerous
casea, especially in London, where municipaliiies disregarded foreign cable
tenders although at prit':es below those of hane manufacturers, principally
because n; ons could be sure thatﬂ‘ they would comply with.the falr wage
clause. This gave cable makers a protected market, with an inelastio
dcm/;nd, fuxl they seem to have practised some price discrimination, charging
lsss to company purchasers where the elasticlty of demand for thelr

products was higher.

[

t 1v

At

-§

After 1910 the demand for elecirical machinery began to expend
rapidly again. Exports had been rising since 1908 as manufacturers were
driven to zceek overseas markets by the low demand at home, British
Weatinghouss with considerable surplus capacity had turnsd to exports |
batween 1905 and 1907; they wers trebled in value in these years.

Foreign competition at home hed declined as prices fell. In the years
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1900 - O4 there wera 16 agencies of large Continental firms in this
country. By 1909 only 5 rcxma.'mc:a.1
But it was the rise in home demaud which provided the main force
behind the upswings This seems principelly to have been & rise in the
demand for plant for faclory elecirifications The output of plant for
tais purpose is probably underestimated in I'able69. This upswing merged
into a wartime boam, which was the product of further inoreases of
damand for plant, primarily for factory eleotrification, and the interruption
of imports. 1Ihe profits of most companies rose. There was in general
little expansion of capaclty, usually firms merely achieved full eapecity
working. The only fiim to expand capacity was British Thomsonelouston.
A now lamp factory was bullt at Willesden to help the Rugby lemp factory
,’meet the incroased demand for metal filament lamps, and new plant was laid
i /'down for heavy equipment manufacturing. 4n extra 150,000 square feet was
 added o the 500,000 square foot of floor space from 1902, |
- Little ol noie happened in this periods hkoonomically it was
| siuply a period of recovery from bad condiiions. Technically there were
no big changes. The only significant ‘technicel changs wes in comnectiom
with twrbines. After the success of the Farsona turbine, other
manufaciurers began {o make steam turbines. Parsons built the whole
1, I8 Forein Comnotition Overrated? by A.G.M. E.R. Vol., 64, PP 1026 = 7,

18 June 1909, . .when the Gorman sues that there is no reasonable
profit left ho withiraws from the competitiony our homs firms on the

othor hand go on paring prices down until they cannot get mough out
of a oontract to mest office, etc. expenses.”




Table 860

The Expandion of Accets 1010 » 1,

s Incrence in Increene in Increese in
fixod assets stocks & financial
after deprece work in assets,

lation Fogress
£ £ £

British Westinghouse 1
(Dec. 1909 - 1913) 93,545 165,976 3,042
B.T"Ho 2 2
(March. 1910 = Dec. 1913) 336,462 257,643 230,221
Dick, Kerr & United

Electiric Car. 25,844 71,745 2,268
(June 1910 = 1913) (after sales)

5

Siemans Bros. Dynamo Works 27,412 176,087 «235,440
(Dse. 19C9 = 2913) ‘ .
Brush «5, 08 35,963 «36,206
(Deo. 1909 = 1913) | o ;
Crompton 45,023 =31,603 «53,209
(March 1910 = 19M4) g A 4 =
EQG.CO 6.736 o 18, 652 d}O.’m
(May 1910 = 1914.) | | , .
Bruce, Pecbles &4 712 23,197 «13, 946
(Dec. 19G9 = 1914) | .
G.B.Ce (Witton) =5, 968 116,952
(Miarch 1920 « 1914) B
British Electric Transformer 4,245 2,779 16,319 .

(Decs 19C9 « 13)

lo To Dec. 1912 for sharcs in other companies, Des. 1913 figure not
available before wtite off, N

2. VYork in progress is under "debtors".

3.. Reconstructed 1912, Some write off mey be unallowed for, Inorease in
finanoial assets excludes changes in shares in other ocnpunu wher'e
thors is clearly a big write down. 2 e

be 1913 accounts not available, ,‘

5. Creditors include loans from Siemense=Schuckext,

Source: Company Balance Sheeots.



Ihe Source of Funds 1910 - 191,

on ordinary on rref-

British Weste
inghouse
(Dec. 1909 ‘= 1913)

B.T-H,
(Mar. 1910 « Dao
1913)

Dick, Kerr &
United Electric
Caxrriage Cos

(June 1910 = 1913)

Brush
(Dee. 1909 = 1913)

Bruce, Pecbles
(Des, 1909 = 191.)

E.C.C.
(May 1910 « 191,.)

1. £818,731 came from Gensral Electric.

Table 87 .

Borrowing

shares
&

erence
shares
&

Source: Company Balance Sheets,

on deben= on loans Retained profis

‘tures
&

L4835

«70,370

23,762

16,138

~60, 000

&

1,108
1
860,751

100,000

before depreoe

utioq

&

350,238 .

128,909

10,967

3,603

«4,802

Shon

i
\
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generating \mi.t from tt‘xe beginning, but this nroctico wes only partially

followed in Aritain, British Westinshouse built Parsons typs turbo=
1
alternators and generators; B,T-H., built Curtis turbo-alternators. But

Siemens and Dick, Kerr at first only built high 3peed alternators. Parsons
dssued licences in 1903 to three firms to make Parsons type turbines:

Brush, Willans and Robinson, and Richardsons Westgarth. ¥illans made

no electrical machinery, Richardsons Westgarth only a little, Willens

made turbines primarily for eounling to Slemens and Dick, Eerr alternators.

Parsons eliminated turbine development in Britein; he had
2
designed reaction turbines , Only B,TsH. made the other type, impulse

turbines, The Parsons reaction turbine was highly effinient but it had

suall clearances between the blading and the casing. This aften led to

>
diificulties, not it seems with the turbines manufsotured by Parsons, but

with t/he Parsons type turbines made by Brush and Willeans. General
Blectrio, A.E.G. &nd Siemens-Schuckert hed msde impulse type turbines from
the beginning. Outside Englend only Westinghouse and Brown-Boveri made
reaction turbines. English manufacturers, except Parsons began to turn
tb impulse machines around 1910. Westinghouse as early as 1908 had
deoided to concentrate in future on impulse turbines as "experienpo had

i
‘

ls Vestinghouse bought the lsnd rights for North America of the Parsons
_ turbines in 1895 (H.C. Passer, op.cit. P 311)

2o A reaction turbine dirives its pover fron the expencion of the steam
as it passes through the dlades of the turbine wheelss In an impulse
turbine the stean is expanded between the whoels of the turbine. No
expansion tokes placo in the blades of the wheels  After 1914 nearly
all turbines were impulse-reaction, with imoulse wheels at tho high
pre.sure end and reaction wheels in the low pressure end, Parsons
machines to this day have preserved a very hign proportion of reaction
wheels,

Jo  Changes of steam temperatures caused differential expansion and
ocould lead to blade stripping.
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shown the advanta.ges of impulse blading in freedom from fine ruming
clearances and thereforé from m.ripping".1 In 1909 K. Baumarn was
appointed chief engineer of the en, ine department to develop impulse
turbincs, He was en assistant of Professor Stodola of Zurich, one of the
great authotities on impulse turbinel.2 In 1912 Bayoann was appointed
chief mgchanical engineer. Willans and Robinaon; after their lack of
success with reaction turbines, turned first to drum and disk turbines
and then in 1914 to pure impulse machines. A licencs was obtained from
Efghor Wyss of Zurich.’ In 1912 Brush had brought to its notice the

..

: ey
| C Jungstrom turbine dsvelopod in Sveden. It was able to deal safely with

e e e
me— T

rapidly changing steam pressures and temperatures, and it promised to be
more efficient (thermally) than the Brush-Parsons., But its type of
construotion limited its aslze, Its future lay in isolated rather than
oentral‘/'atation plant. Brush took ocut a licence and soon switched to
this turbine, |

In 1910 Dick, Kerr began to build steam turbines, They were to
be impulse typs and Dick,Kerr arranged with the patent holders, the
Bergnann Comparw,h to make their designs under iioenco. This move by
Dick, Ksrr also indicates more concentration oit the menufacture of

l¢ J. Dumelow, op.cit. P 36,

v

2¢ . J. Dumnelow, op.cit. P 42,

3+ History of Willans and Robinson. The English Electric Journal,
" July, September and December 1955,

i

& Bergnann was a German Company, third in importance to A.E.G.
and Siemens=Schuckert, with whom it had close financial links.
The Lahmeyer dynamo works of Felton and Guillesume-lLeymeyer works
had been taken over by A.E,G,
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turbo-genemt?:r's' by the come firm. Just before tho first world war 38
Sienans Dros. Dynano works also begon to moke turbines. In 1916

Willons who had thus half lost its two best custowmers, wos absorbed by
Dick, Xerrs This move towards more vertical integration seans to have
token plecoe for enginecrmg rcasonss Dut it bad the eoonomic effect of
increasing tha amount of copltal necessary to begin the production of
larye ponerating plants Thus tho clstinction betwoen central statiom
and othar generators widenad further,
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. Chapter 9
»
The Public Control of Electricity Supply end Tramrays.

luch has alrcady been published on the legislation conocerning
the electrical industry. In many accounts of the development of the
use of electricity it has played a very important, somotimea. central,
role. It has been blamed for the slow deyelopnent of eleotricity;
sometimes 1t has been pictured as the only villain in the story. There
13 no doubt that many other factors played a more decisive part, yet it
m.st be said that legislation was an important matter, and one cannot
discuss the increasing use of electricity without paying attention to it.
Rather than simply discussing logislation, it is better, however to put
it in its proper context = as a major part of an attempt to re ulate
natural monopolles in the public interest,

" Public utility control in its various phases from 1850 = 1950
often did have undesirable effeots. This was certainly the case with
electricity supply and .eleotriq tranways. But many of these effects
arose almost inevitably from the attempt to devise controls when the
economio atmosphere wags to a considerable dogree dominated by laisser-faire
viewa, Control of electrical utilities will be lo.okad at in this chapter
from this point. of view.

In the first half of the nineteenth century it wes thought that
oompo'tition 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 monopoliss. After 1850 this view
was to a large extent abandoned, because in water and gas competition



419

scemed to have becn pusitively disadvantageous es it caused excessive
investment In distribution ne1:woz'lm.1 Thus & new technique was tried.
Natural monopolies wers granted franchises which explicitely recognised
their peculiar economic position but conditions were inserted to limit
them where attempts to maximise profits might lead to anti=social
behaviowr, Darly devices were maximun prices and statutory limits

on dividends.z It is important to notice that these conditions were
established when the uti.li.lty was granted its ;)owers. No further .
interferunce with its workings was thought necessary or desirable.

The other remedy for the abuses of private monopoly was
mnicipal operation. By the time electric 1lighting becams comueroially
fensible local authorities were in mony cases running gas and wator |
supplies, This was due to the initiative of the local euthoritios,

and not to Parliament,
/
The Tramvays Act of 1870, introduced into Parliament because

/

of the success of the new horse trams, is a landmark of considcrable
importances Firstly, it introduced a drastically simplified procedure
for obtaining franchises, and for laying down genexral conditlons to
provent abuses of monopoly power. Intending tromway owmers were to
epply 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.Y. Comzissioncrs of Woods and Forests to examine the Gas Bills

coming before Parliament marks a turning point. See W.A. Robson,
The Public Utility S-rvices, Chapter 14 in H.J. Laski, W.I. Jennings,
and if.A.Robson, (eds.) _ A Century of lunicipal Progress = the last

' hundred _ycars. ndon 1935 1’1; 3C = fo

2, lMaximum prices becams customary in Gas Bills from 1847 onwards,
Robson, op.cit. P 305.




their powers t.>y private act of Parliamunt, an expensive and rather
cumbersome procedure, especially s the mumber of utilities was rapidly
risings  Secondly, tne 1870 Act brought together the two methods of
control, the insertion of conditions in the franchise end municipal
operations A cleuse provided for the compulsory purchase of a tramway
by the local authobity 21 years after the granting of the provisional
orders The price was to be the value of the plant, and was to exclude
goodwille Goodwill was excluded from the purchase price because in the
past local authorities had had to pay vastly inflated sums to purchase
inefficient monopoliess Blackburn "to get these monopolists out of
the way" had paid £559,000 for a gas works whose structural valis was
£222,000 end issued capital £238,000, and £283,000 for the water works
which had had £119,000 spent on it and was of "little value" at the
time of mrchaae.1 Birmingham had a similar experience in 1857.2
The’ 1870 Act gave the towns powers to own the trams but not
to run theme They ‘had to be leased to a compeny which would operate
thems  On the other hand they could make by=laws regulating the numbey
and frequency of trams, and these would apply even if the traps were
. privately amed.j Municipal operation was, however, soon to follow.
In 1882 Huddersfield Corporation could find no one willing to operate
its policy and permit Corporations to work the system themselves unless
& company made a "reasonable offer" .34- This did not give Corporations
general powers to operate the trams; in 1889 Liverpool Oorpdratim

le Select Comittes of House of Lords on the Eleotrio Lighting Acts of
1886' Q 1728. BoPoPt 1886’ VO].. 7.

2. ibid,y. Evidence of the Town Clerk of Birmingham.
Je  ‘H.-Finer. Municipal Trading P 52,

L, 1bidi..

4,20
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promoted a®Bill for powers to work the trams in cese of need, but it wes
rojected by the Lords, But in the early nineties several local
suthorities obtained powors o work their trams under speocial circumstanoces
and by 1896 powers were being freely granted to i:hem«1

Parliesment was quick to investigate the possibility of
legislative needs following the commerclal application of electrio
.lightlng, appointing a Select Committez as early as 1879, It did not
recomnend eny legislation but the epparently imminent widespread
~ application of electric lighting in 1881 and 1882 quickly produced the
| Electric Lighting Act of 1882, It was modelled on the Tramvays Act of
1870, Prospective undertakers were to apply to ths Board of Trade
for & Provisional Order or a licence. Licences gave rights for 'seveu
years but were rarely used, Provisional Orders were to run for 21 years,
after which time the local authority could tuy the undertaking at the
plant value.s Initially the Act was designed for oloss control by
meking Provisional Ordors run fdr 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 statioms; 4in
faot the Board of Trade interpreted the Act as giving them preference
over a company if both should apply for Irovisional Orders at the same ‘
time, But they were not to block the activitices of a company by holding and
not proceeding with powers. There was also a standard moximum price of
8d. a unite The specific power pranted under the Act was to open the
streets to lay cables, An undertaking could supply electiricity without

Plrliamentarj powers il 1ts wires were all overheads Overhead wires were

l. WOA. RObson' OE.Cito PP 320 - 2‘
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used in a {gw early cases, but this clearly was only possible for very
small undertakingse By the middle of the eighties many people felt that
the Act too much hindered the forwation of Electiricity Supply Companies
and the purchase clause was amended to give. L2 years operation before
compulsory purchase was possible,

The 21 years purchase clause of the 1870 Tramways Act was
also supersededs In ths ninetics the govermment was anxious to rejuvenate
the agricultural aress, A Commities was ae;‘ up to inquire into transport
in rural areas and recomuended light reilways as a remedy. Thus in 1896
the Light Raigl.ways Act was passed, Again az:‘thority was given by the
granting of a Provisional Order, but the Act was much more favourable to
the operating company than the Tramway Act.. Compulsory purchase was not
at any specified time but by agreement betwsen the local suthority-and the
campany proposing to operate the line, and it was to be at a price
dotermined by arbitrations Tramways could not lay tracks within 9* 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 amnuel value while Tramways
were assessed at the full annual value.1 This Act was soon used by
companies wishing to build eleotric tramvays, and although initially
hesitant, the Board of Trade very soon freely granted them the relevant
povers, Bolween 189 and 191 two thirds of the lines built in the

2
streets and private roads were Light Railways. /

d. GC. Klapper, Ths Golden Age of Tremmays. P 34
2‘ ‘ébidv’ P 350



423

Phe pover compenics and the underground railweys were granted powers
by privaie Act of Pacliament. There wore not enough of them for it to be
worth wiaile having {as simpler system of Provisional Orders., Here there
wa3 no question of municipal operations The Power Companies covered a
large area, while municipal operation was thought of as being something
for a utility .entircly = or alnost entirely = within the b:undaries of the
minicipalitys Corporations, with one exception, made no attempts to
cowbine for eleciricity supply, and in eny case they would not have seen
the supply of power over a large arca as one of their proper spheres of
activity. They were acting for their ratepayers, to ensure for them
reusonably cheap and adequate supply; they were not general entrepreneurs
secking 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 £ind its feet,

In neither of these two cases was compulsory purchadse seriously
considereds The power schemes covered too wide an area for it to be
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
pachase, but the Select Commlttee on the Bill saw no reason why this

1
should be so.  The only control in these cases was the fixing of maximun

ls Joint Select Camaittee to Consider Eleciric and Cable Railways in the
Metropolia. B.P.,P. 1892. Vol. P 12. Qo 252-



prices for the power companies and m insistence that the undexrground
rallway companies should provide an sdesuate musber of cheap and
convenient trains. Also schemes wore to be carried out in a reasonable
period of time. There was no unalterabls time limit, where there was an
initial 1imit, extensions of time were granted = and the best stimuli to
starting on the acheme wore the expectation of profit and the fear that
otherwise a similar capeting scheme would be authoriseds In the case of
the power companles no two competing schemes were authorised at the same
time, Vhere two companies promoted Bills at the same time for similar
areas only one was passed. As in the case of general eloctricity supply
and tramways, the dasic principle was th~ “e.atablis}ment of a formla which
wou.'ll.g stop the sbuses of monopoly without further interfeirence.

The initial conditions umier wiaich a coumpany might opcrate an
electrical utility were principally determined by Parliamente Bu$ the
local authority hed some influence over these conditions. In the case
of undertakings set up by Private Act they could try and influence the final
form of the Act, principally in Committee. In the case of the Power |
Company Aots, all the local authorities seemed to want to do was to get
themselves excluded from the area of supply. This was on the goneral
grounds ‘that the power companies, who had no obligation to supply to all
comers, would simply compete for profitable consumers, leaving the |
minicipal undertaking to founder on the unprofitable one.;. The result
would be a rapacious private monopoly. The large mnicipali_tiea were
usually able to got themselves excluded, either in Committee, or by
sgreemsnt. The latter meant that the power company agreed to exolude

\
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them rather than risk losing tho whole Bill because of local mithority
oppoaition.. This was a curdously negative form of public utility
controls Its tendency was to ensure profits were not excessive by
keeping costs up.

In the case of the underground railwsys, the then newly formed
L.C.C. wished to influence the original Aots, For example it wished
to have the trains take the most direct route between atations and not
simply follow the streets, It also wanted bigger tunnels and cheap.
workmen's 1;:‘&3&.1’15.1 But although they could object to certain parts of
the arrangements, they had no way of getting any positive suggestions
. adopted, For example, ths Baker Street and Waterloo Railway propossd
to run its tunnels under the streets. Anyone who looks at the atreet
plan will see that this is ewkward and generally undesirable, but the
Railway wanted to avoid paying for waylcavesoz The L.C.C. could, and did
say that the layout was foollish, but they were in no position to persuade
the Camnittee to make the promotors change the Bill failing the pramotion
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 unspscified times, want

to put sewers 60 feet bolow the streets, although they had no intention of
doing so at the moment.

They were able to block cecrtain proposals in verious private tube
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 Sclect Camaittee. B,P.P. ,892. Vol. 12. QQs. 393 = 486.
Evidence of H.L. Cripps, agent to the L.C.C.

2s Seeo 2_212
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station at HAmeramith by ths London United Trains and the District
Railway. The prevontion of this type of comoperation however hindered the
physical productivity of the transport system. Thus, as in the case of
the power companies, the intervention of the loeal authorities kept profits
down by keeping costs up,

In the casze of utilities éet up by Provisional Order there is
a sharp contrast between electricity supply and tramwvays. In ths ocase of
the former, the local authority would be granted a Provisional Order 4n
preforonce to a company if both applied at the same time, but it had no
further influence on the matter. . In the case of the latter it had W
considerable power, stemuing fram the local authority's position as Road
Authority, Before a tramway ocmpany could operate it had to agree with
- the loocal suthority over its share of the expenses of road repeir and -
oftten oh its fareses The local authorities were particularly anxious
to inprove trensport for the working classes and usually insisted on
speolal workuen's trams at very low fares. There was also bargaining
over power supply in the cases wnere the local authority owned the publio
supply station. The frequency of service could be regulated by the
local authority, although this seems {o have been less often done. If
the traumway wes béipgvpromoted under the Light Railwey Act, the company
and tl;m., local authority hod to negotiate the length of time which wes te
elapse before compulsory parchase, All these were devices intended to
limit eny possible exploitation of ths conswiers The mtez;tion was that
trawvay companies should make only normal profits, and if this was not

achieved by regulating their selling prices, it could be achieved by getting
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special conae;ssions fcr workmen, or a genersl contribution to the rates.
The advantage of givin; these controlling powers to the local
authorities was that they had excellent local kmowledge of the potential
pfofitability of the tramways, as much information as the promoters had
and more than a gqvemﬁ:ent_body would have had unless it had made detailed
investigations .all ovor thhe countrys But this was more than oifset by
the intense politicel antagonism whioch usually existed between local
suthority and pranoters. The local anthorities generally considered that
c:mp'anies would exploit the public unless severe checks were put on them.
When the companies were optimistic of future profitability this could lead
to the local euthority driving a bargain which in tho‘ event reduced profits

to a sutnormsl level,

Unfortunately the whole attempt to control public utilities
sinply by fixing a veriety of initisl conditions was to attempt what was N
virtually impossible. Initial conditions could only control profits
adequately if the latter could be acaurately forecast; but the profits of
mojor lunovations arc extremely diffioult to predict. The promoters,
who ought 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 subsoquent boom periods. E. m. the head of
British Eleotric, scornful though he was of legislators, miscaloulated
bndlf about tramway profits in the years around 1900. His argument that
the failure to get the expected level of profits was dus to the legislatiom
itself is flimsy, and, as he lmew what the lev was at the time, inadequate.

Even Af each particular case had been very carefully studied befoxre the
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datedila of th; 'comosaim wore decidod unon, the chancos of ;iving the
coxpany nomiel prefits end 5o more would have been slime  Apnlying en
arbitrary perdod of 21 or U2 years wos less likely to sucoeod,

Rt very mich wore daportant was that there wea a very insdequate
gechandan to ensure low costse This was particularly unforturate in the
caso of eloolricity suvply wihcre techniques chengsd rapldly and coats fell
vith thoso changea. 'Zbesa' changos in cost omld have a much greats:
effect on pricos inan any change in profits. The only contml mechanisa
was the introductiion of campotitiane 7The early delief that ocmpetition:
was tha gole nocessary rvegulator hed becn lost by 1350.‘ tut competition
was 9till allowed 1ts uses, Thus in 1889, in the midst of the great dsOee
2.C. controveray, iajor Hm':mdin‘or the Boord of Trnde recomweniad that
consuers ghould be able to choose between these two systemas Thus for
sach of the contral aveas two distributors wero euthorised. Similarly -
several of the Powor Company Acts contained what come to be knom as the
"Kiteon" Clm.z lThis provided thaot power cowpan.os could give a direct

“oupply to porer users within en area already supplied Ly an authorised
digtrilutor without the latter's concont if the Doard of Trade thought such
consont weo being with bold "unrcaconsbly®e  Roughly spesking the withe B
holding of consent was unrecasonablo i€ the tariff offered the particular
conswaor by the cuthordsed distributor wus above the long run costs of the
power compenye |

If anyons wistied to apply larpe cost reducing innovations he vould
aprly for povors to conmpete with exisiing companles who hod earlior been
grantcd monopoly pwiers. If l)arli@nt thought the plans were likely to
1, W,A. Roboon. omecit. PP 3C6 = 300,

2, After Sir Jumes idtcon who Bat as Chairan of tho Solaect Coandttee of the
Camons vhichdealt with mony of the Povor Bills in 1900 ard 1901,
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be carried out, and to reduce costs as claimed, it would be disposed to
grant the roquisite authority. But in ons 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 exploltation 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 4o 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 actiaons.

If the consumer stbod to gain considerably from new suppliers,
Parlisment would suthorise them to compets with existing ones. But the
gain had to be largs. It was not only the greater political power of the
bi; municipalitios which enabled them to stay out of the Power Companies'
arcas when smaller municipalities wex'-e included against their will. It was
also their lower costs-in 1900 « 1901 as low as those of bhe intending
powor campanies woudd have becn. Also competition in situations of this
sort might involve a long and expenéi.ve battle. Thus intending competitors
exploiting new innovations would only compete if their costs wers likely to
be very much lower than those of existing suppliers.

Only substantial cost 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 succinotly
put by Professor Hicks, could lead a moderately quiet life, but were likely
to be asoken if they actually went to aloep.
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All the argumonts used above suggest that in the casa of private
electrical .u.tilities there was no good susstitule for detailed and continuous
control Ly some governmental, or public bédy. This Parliament had no
desire to sec, and it would have regarded govermmnent or public operation as
worse than government or public control,

Munioipal trams and clectiric supply seem 1o have worked very well
until sbout 19C0 ~ 05, At first the local government areas were larger
than the minimun cfficient arcas of supilys Apart from London, where both
local government and ;alectriccl utilities were poorly organiaed,1 in most
places the Jocal government boundaries did very well although there are
cases like lanchester and Solferd, Liverpeol and Bootle where a unifled
utility would have becn better. EBlectricity supply and tramways were well
run by the Corporations. No cost comparison with the Cmnparw undertakings
is feasiblez as the type. of arce supplicd was different. The absolute
costs of the municipalities were lowor, both their running costs and the
interest they had to pay on borrowed money. But they had the densely
populated areas, often kad a rclatively groater power load, had more
demand diversity vecausce of gfcatar gize and hod a bigger tranway load.
Thus their costs ought to have been lower. There is a substantial
difference in perfoiwance tetween different Corporations which mekes the

1, W.A. Robsone The Government and Miscovernmont of London. London 1939.
esp, Part 1 Chapter Wy and Part 11 Caapter Jo

2 There cxe geod figurcs of running costs Lut good figures of capital
costs, accounting {or about 1 total costs, are not available or obtainable
The complications in a cua®t comparison belween companies and munioipalitie
are very great and the margin of error in the result great., It is
unlikely that such an operation would produce results worth the great
labour of carryin; it oud.
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citing of particular casos easily misleading. Manchester Corporation was
for examplg uore up 1o dale and enterprising than that of Glasgew. The
population of Glasgow was lerger end it was renowned as orne of the lsading
centres of efiiclent munjcipal utility operations. Yet as Table ¥  shows
Manchester was oif tho mark quicker and towerds the end of the period had
exploited the potential powor load much more.

/ Table 63,

Nen_traotion KWh ao0ld by Oorporations_of Manchenter and Glassowe
' Million KWh. |

Glasgow _ Menchester.
1896 1.5 " 2.5
1500 68 7.8
2904, 1.2 28
1908 S5 . 32

1912 54¢ Thed
j ,
Source: Calculations fram Gerke's Manual.

.\ !

It is easy to find instances of municipal stuplidity, but no more
diffioult to find instonces of company stupldity. No Carporation was as
enterprising, well manazed and low cost as N.B.8. Co., but the big ones were
in gcfxeral bettor than the other power coupanies, and the smaller ones
usually betior than the sup.ly companles of the smaller towns,

. After 1505 the position was much l¢ss happye By then N.E.3¢ O0e

had shown that tnore was a poicntially larger power load &nd that the
/ "
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elasticity of demand for olectricity for power purposes wus high. In that
year Charles Nerz demonstrated to Parliamentary Comuittecs of both Houses
that lerge scale sup:ly would be much cheaper than supply by the existing
snall scaelo undertekingse From then until 191, the success of NeE.S. Coe
showed that the region was becoming the necessary unit for electrioity supply.
In the case of tramways, the position was samewhat similar, The urban areas
had elsotric trams and the noxt siop was to link those town with intereurban
lines, a step which was within the bounds of economic feasibiliiy in the
densely populated arcas, like Sout}x Bast Lancashire end the Black Country.

One would not have expected any movement towards general
government control under the Unionist govesment of 1396 = 1905« They
hed beecn quick to investigate the quesiion of.large scales generation and
hed appointed the Cross Comnittee in 1893, Dut their answer to the problea
was to pass the Bills sought by the power companies in a modified form.
They were not z;.gainat municipal entcerprise but Halevy has sugpested that
the reason why they were quite happy to encourage municipal socialism was
that they regarded it as a sat'eguard againat n:;m‘.;icma].:l.sa.t;i.on.‘l

In any case the prublem was not pressing befors 1905, But after
that it was; from then orwards there can be no real doubt of the
desirability of increasing the size or eleoirical utilitiess But the
government took no initiative at alle The Liberal government wes more
atrongly in favour of municipal operation than its predecessor; for example
in 1906 Merz's scheme for London's eleciricity was blocked until tho L.C,.0,

1, BE. Halevy. A listory of the inglish people in the lii
Benn paper dack 1961. Vol. 5. P 242,



should produce a good plan‘; of its owns But in general it was no good |
8imply bloc:king Compeny schemes as the local government unit which was
willing to run schemes had becams too smalls, If big private schames
were to be disallowed thera were two altornstives. One was to group
together local authorities. As is sugrosted below they were not likely
to group themselves on their Wn.1 The other was fur tho govormment to
devise its own national or regional scheme. It did neithcr. This seems
to have beon partly a question of men and priorities. John Burns, the
President of the Local Government Board {rom 1906 « 1l was a spent force
by the time the Liberals cams into power. Iwo of the foremost members
of the government were at the Board of Trade, Lloyd George from 1906 = 08
and Churchill from 1908 = 10, but both were more interested in labour
rélations than in industrial organisation, The government wes radical
in its daﬁire for social reforp but not a supporter of govermment
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 neecds The realisation of the pudblio

433

need ceme only after the series of coamittees which sat during the 19)h « 18

war had revealed the weaknesses, particularly of electricity supplys The
only pressure group was that centering around British Electric Iraction,

But i1t was principelly concerned to argue for less government interference
and control rather than more. It vehemently opposed municipal operation

1, There is only one cace of co=operation, that of tho Stalybridge,
Hyde, Nossley and Dukgnfield Tramveys end Electricity ?om.
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ond restrictive legislation. Vhat it wanted was bigger and freer private
monopolies, * A oase can bo made out for them in the public interest, but
there was little chance of persuading the Liberal Government of their
desirabilitys Where the govermment did iutervene, as in the case of
London's eleoctricity supply in 1906, it intervened to favour the Laondon
County Council ageinst the vigorous private interests.

The m\micipal;ties did not co-operate with each other, The
reasons are principally political, but not solely sos Thers were also
the problems created by different tramwey geuges, different frequencies,
and voltages in electricity supply. Linkage of diffcrent networks would
be expensive. This wos particularly iho case with tramways where it
would involve relaying a great deal of irack, but even in the case of
olectricity supply whare cheaper " expedients were possible, linkage still
involved considerable capital axpenditure if ths economics of joint
operation were to be rcalised, Unfortunately at the time when there were
beginning to be advantages in such combinations, i.e. from about 1905,
the capital market was turning against the local euthorities. One must
not overeestimate the difficulties presented by the different engineering
characteristios of different towns systéms for thers was a oertain amount
of stendardisation. lMost tramway gauges were 4 £%. 8% ins., and
eloctricity generating stations could have been linked up to consliderable
adva..ntago without great éost. The latter would have redyced future
investment to meet a growing demand as less plant would have been needed
. for eny given loads A major obstacle to combination was thaf, the
Curporations were primarily concerned with their own citizens. In the
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late 19th century they had undorteken m lerge amount of utility operations,
water, g:m. sewerage, s well as trams and electricity supplye Municipal
trading had beon & powerful movement sweeping uway many laissezefalre ideas.
It hed aroused tremendous opposition and defeated it, but much ¢f its forcve
was spent by 1900s To expsct them to pursue matters still further, and
overcome all the obsiacles to linking up electricity supply and traaways
throughout a region was perhaps too muchs The experience of the
Elsctricity Commissioners in the twenties is illuninating; they had great
difficulty in co-ordinéting the various suppliera.1

To do so would have required joint action with the oompanies, who |
operated the areas between the big towns. No one could have expeoted
the iniative for this to have come from the local authorities. For over
25 years they hed rozardoed cowpanies operating public utilities as
potential exploi“cets of the caummnity. Munlcipal trading had been strongly
opposed by the business community, and this antagonism as well as hatred of
monopoly had left its mark on the Corporations. Detween 1505 asd 191
these atiitudes mellawed, but only slowly. | Soms Corporations, for example
Middlesborough, Stockton and Tynemouth began to take a bulk supply from
NeEesSe Co. when their own plant bebéma inadequate to meet the demand, | The
Lencashire kleotric Power Company found that the initial antagonism of 1905
was pagssing away by 1910, In transport however the antagoniam had been
much greaters Parliament had given the local authorities powers to control
company ubilities or to operaie their own. The control powers had bemn

much disliked by the new electric tramway companies in the years around

1, Lincoln Gordon = The Public Corporation in Great Britain, London 1938,
PP 89 - 990
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1397 = 1903, especially Drilish Llcotric Tractlon. They felt that the
locel authorities were driving a very hard borjgain; and alse that they used th
their powers to opersto as a bargaining counters Toke for exauple the case
of British Fleotric Traction end the Paisley & Johnstone Tromvays. The
former wns to carry out a schems o1 single track elcctric trams along the
road between Johnstone & Paisley on behalt' of the Paisley Tramvays Compeny.
At £irst they were pgiven to understand by Paisley Corporution that
permission would be granted for thise But Glasgow Corporation opposed the
scheme, persuaded Paisley to join them and inaist on a diéuble line, This
BeEeTe refused to build and as a result laisley Carporation opposed their
application for a light railway order. As a result the order was rejocted
although the Chairman of the relevant comaiiies was moved 1o say thet "we do
not think that this Electric Traction Company has been dealt with in a fair
and open way in this xna‘ci:er."‘l Such violent antagoniswm might have bom';
expected when one body wes given power to control and to v:.upcrat.e.2 |
Naturally this antagonicn passed even more slovwly than in the cese of
oleciricity supply. If it was too much to eximc’t the Corporations to

take the initiative, it wos ovon less lilkely that they would have reaponded
to any on'the part of the power companiés. What was required tochnically .
was a monopoly over a wide district and this wac what the local esuthorities
nmost foareds Concentration on largo generating stations with abundant

le E.R, Vol. 42 P 807, Vol. 43 PP 160 ana 43ke 1898, /

2o ' 0. Klappor, ops.cit. gives other examples.
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water supplies for cooling, casy coaling facilities and cheap land would in
many cases involve putiing them outside the boundaries of the largs towns.
Once deprived of their generatling plant the municipelities felt they would
be in & very poor position and would be exploited.

In this situation only ihe Government could be expected to
overcome the difficulties. But it would have meant considerabls effort
on its perte For it waes not: a question of granting new powers to anyons,
but of co-ordinating the oporations of existing undertakers. Yet despite
the fact that b&'1905 it should bave boen becoming clear that the 0ld
policy was not working well, and ithat what was needed was not compromise
but comordination, Porlisment and ihe Government conlinued to te passive
and pormisvsive, rathor than active and organisings This is shown by the
Act of 1909, lMuch carly legislaiion hod Leen direcied egainst the
ccm‘ninntio{x of utilities, as it was fearoi this might lead to monopolye
Parliament does however ceem to have been willing to authorise the
Interconnection of different networks. Tiwe North Eestern power companies
do not secm 1o have had eny difficulty in getti;'xg Acts for this purpoao,'
although considerable municipal opposition could have prevented
intercon-ections. The Act of 1909 ramoved many of the obstaclea to
running Joint systcus both for companies and for locel euthoriticas But
to poruit them to coubine was not enough. To z\chieve. any success the
Govemm;nt would havo had to have tskon & wuch more active role. Ko
combinations of ony importance resulted except in the North East,

The siiuation in London in voth transpert and elsciricity supply

11lustrates the difiiculiies caused by the government's attitudes In the
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case of electricity surply the Taionist govarrment £e11 before Me;‘z's schers
ressed lts thind reading. The Liberals rolied on the L.C.C. but the latter
soon became both unable and urwilling to carry oul an overall schemes Also
the optimm area of supply was lorger then the Administrative County of London.
It would have needed a govermment body to impose agrecment on the existing
local suthorities, the 1.C.C. and the Boroughs, end on the existing company
undexrtakers. A Royal Comiission was appointed 4o inquire into London's
Transport but despite the faoct that it reporited that "the present
unsatisfactory copjditions are largely duc to the fact that there &id not
exist in the past any mnicipal or other authority having Jjurisdiction over
the whole area ond possessed of sufficient power #nd re:::om:'ccs,"1 no further
action was taken. lere again the L.C.C. was unwilling and unable to
shoulder the burden of & camplete scheme. Cowbined with this it had an
exageorated fear that any private overall scheme would have all the

dangers of a vast monopoly. This foar had led to iis stremuocus opposition
to ¥erz's Bill in 1905, and it also led to opposition teo any mivate
attempts %o link up London's treftic systems, Thus when the Lundon United
Trams proposed to build an underg:rouﬁd iramway terminus at Hamuorsmith,

with direct contact with the District railway, this was opposed, successfully,
by the L.C.C. on the grounds that it would help to create a \monopoly.z Yot
it wes lack of such e station at Shephords Dush that ceaused great traffio
congestion as pssiengers changed from the Central London Railway to the
London United Trams. The Undergrourd Reilways Company had wanted to lease

1. Royal Cormission on Iondon Trensporte Rouort BJP.Pe 1905. Vole 30,
P 533 2.

2, R.C. on London Transport B.P.P. 1906, Vol. 40 Q 19649, Evidence of
RN. Perks, —
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the Bakbr St. end Waterloo and the Charing Cross and Hampstead Lines and
link them up with a single fare ond interchange, Dut their Bill was
throm out on the grounds that 1% would give too much monopolistic power,

although both these 1lines wore controlled by the Underground Company who
1
held & majority of their shares, In this case the Parliament's utility

policy led to the worst of both worlds. As the Roysl 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 13 possible by formal opnosition to Private Bills does not give
‘satisfactory results, while it adds to the cost of the undertaking, end
tends to produce a state of antagonism between the Companies snd the
 Counoil, which is_greatly to be regretted and is detrimental to the
public interest."2

1o 4bid., Q20202 f£f Evidence of Charles T. Yerkes,
2, ibid,, Report B,P.P. 1905, Vol. 50, P 573
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Chapter 10,

The pricing policies of Elactrical Utilities,

This chapter is primarily concerned with electricity supply,
although towards the end there will be some discussion of trams and

urban and suburban railways.

4

It was very soon noticed that in the production of electricity,
as opposed to the production of most commodities, the rate of produotion
at any partiocular 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.c., circults, was never attempted
on a largo enough scale to even out the rate of generation. No ono was
able to present a convincing argument to support any economic case for
dding thisj and no supply authorities triod to use batteries in this way.
The early lighting loads had a sharp pesk in the early evening,
while for the rest of the day demand was lows This light loading of plant
most of the time soon worrisd engineers; they were quick to develop a . |
measurs of capital utilisation in the load factor, and to ses the effedt of
the load factor on costs. What secms to have directed their attention
to this is not that it was particularly low compared with that of a
great deal of machinery, but thst it was noticesbly low. In the 1890s
the anmual load factor of electrioity supply stations was 8 « 324, If
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normal :l%strial machinery was used continuously on an absolutely steady
load for 9 hours a dey in a 270 day working year ita load factor would

be only 28/ Dut in practice all machinery was used intermittently and
with a varying load, and ths usual load factor was not more than 15 = 207
Power stations were necessarily open for 2l hours a day, seven days a week,
end 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 prioing
ocould affect the electricity load factor, and thus costs in a way which
wes impossible in the case of the manufacture of other products, That is
to Bsay average costs, ths cost per unit supplied, could be reduced. I¢
was gonerally assumed, as far as one can sce without any serious discussiom,
that this was a desirable objJective. This is not soe VWhat is desirable
ia to reduce costs for a particular service or commodity and there is no
simple reason for supposing that simply evening out the loed will do this.
Por example, inducing people to burn lights all day and all night would
roduce the average cost of electricity, tut would not reduce the cost of |
providing 1ight when it was required, It can be argiod that the best
pricing system for eleotricity supply is a tariff which primarily dise
orininates betwcen units used at different ti{nea of the day, where the
price is determined by the long run marginal cost of providing current at

1
that tinme, This implied a price at the peak hour sufficient to cover

1. This is all argued in I.M.D. Little, The Price of Fuel.

.\
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capacity costs plus poek hour running costs, end at non peak hours suffioient
to cover non peak hour running costs. Such price discrimination would
juprove the losd factor but it does not follow that any attempt to do the
latter will produce a "correct" allocation of resources. It might secm at
first that a discriminatory prioing system which sought to improve thes load
factor would de one which moved in tho direction of char,ing rates at peak amd
non peak hours whioh approximated mors closely to costs than a uniform tariff,
&S non peai hour subsidisation was not likely. Dat as will be shown the
tariffs used did not do this, and this was pertly because the problem was ssen
first and foremost as one of improving the load, and not of charging

economlc costs,

This was strongly reinforoed by the way in which tho relation of
cost and load was looked at, for this affected the type of tariff used. The
classic statoment on costs was made by John Hopkinsén 4in a paper to the
Junior Engin:aeri.ng Society in November 11892..‘l He suggested that costs could
be divided into 2 categories, standing costs, that 18 the costs of being ready
- to supply current, and running costs, the oost of actually supplying it.
Standing costa comprised the bulk of total costci they were tho capital coste
of the equipmont necessary to meet the maximum load 'on the supply atation,
the amount of coal which was used in warming up boilers and keeping up steanm
in readineu‘to supply electricity, and the bulk of ths wages of the men
employed. Having estimated the elative magnitude of these two types of cost
he went on to consider how they should be divided among consumers. He
concluded thet customers should pay for running costs on the basis of the

naber of units used, and that standing costs should be divided among customers

1« E,R, Vol. 31, PP 716 and 748. December 1892,



on the basis of the peak load which each demanded, Charging was thus to be
basod on the customers' load factor and only on the station load factor in
8o far as the peak demands of all customers coincideds They did note The
rationale behind this was that the supply undertaking hed to de roahy to
give a rate of supply based on the total amounts which each consumer might
demand. The actual situatién envisaged was that all consumers might switch
on their lamps in a foge In London peak loads did coincide with fogs and
this might secn to justify the argupent, But what Hopkinson neglected was
that the probebility of the peak load ocourring at any one time varied with the
tims of day, there being an extremely high probability that it would ocour
betweon 4 pem. and 6 p.u. on & weeckday in the winter months when commercial
and domostic loads overlapped. = From this it could be argued that customers
ought to be charged a rate based on the standing costs multiplied by the
[robability of the maximum losd occurring at that time of the days plus the
yunning /costa. In practice the probability was extremely high that the
maximum demand would occur during a pericd of same 2 or 3 hours.

0f these two charging systems the one accepted as both
econamically correct, and also equitable by most enfgineers, was one based on
the consumers* load lactors Compared with a time of day tariff it had
2 major disadvantages. It could only affect the consumers' load factox,
and not the timing of the consumers' peaks AS consumer peaks varied it
hod much less effect on the load faotor 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. Allled to this, it did

not go as far es a time of day tariff would have done in charging consumers



the cost of the resourcos which the community devoted to providing them
with light at perticulor times of the day. It may have been en
improvement on a flat rate, but a consideration of its application shows
that it had other dlsadvantages which lod to its being partially ebendoned,
only to be retained in a form which ellowed considerable misallocation of
resources.

At first eleotiricity was charged for at a ixed price per KwWh,
Thers are a fow .’mstancei in the early eighties of it being sold by
contract, that is unmsiered, the charge being based on the number of lamps,
but by the time the boom of 1839 « 91 came metors were virtually universally
adoptec'l.‘ Thus in the early nineties most electriciiy was sold at a flat
rate in the way in which nearly all other goods and services are sold.

The first discriminatory tariff entedated Hopkinson's paper,
being introduced by the Liverpool Electric Supply Compeny in 1888. There
were three rates. For any number of Kih up to a hundred times the
neximim demand of each consumer in KW, he was charged 1s. per KWha Thus
if the maximum load was 5 KW the f£irst 500 X'h cost 1s. per KWh, Unitl;
from one to two hundred times the maximum demand cost 8d., and all
subssquent ones 4ds The tariff was thus ideally directed towards the-
consunor's individual lowd factor, and not towards the power stutiona’
load factors However, there was no way of measuring the consumer's
maximun demand end so charging was based on the consumecr's possible
maximms demend, measured by the mumber of lighis he had installed. Few
peopls liked the teriff. It was argued a ain3t it that 4t falled to
encourags obvious off peak users like churches, workshops and othor places
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which might require light in the daytime. It was also said that the
customers had difficulty in understanding the system.' These dissdvantages
led to the system being sbandoned four years later.

Hopkinson's paper of 1892 arcused great interest and was generally
approved of in principle. Tumediatoly following it, Arthur Wright, the
electrical engineer to Brighton Corporaticn, wrote to the Eloctrioianz
stating that he was engaged in starting such a systems Ho was to measure the
maximum demand of the consumer by mcans of a therms;l type maximum recording
amneter., The Wright demand indicator, as it came to be called, was to
be set every month in the 2 winter quarters. 1! recorded slowly, taking
ebout 10 minutes to reach the correct value. Hence the customer was not
charged for pesks of very short duration. The mean of ithe 6 maxima wes
taken o8 $he basis for charging. The consuser was to pay 7ds per unit: for
the first hour per day the demand had been used and then 333, for all |
subsequent units. In other words 7d. per K¥h was the charge for (lex
everage demand in KW x 365/2) KWh. This tariff began in February 1893.!'F
The price differcntial wes not, Wright told the first convention of the -
Municipal Electrical Association, idcal.s if charges had been based on
costs they would have becn 83 for the first hour and then 53, But the

Provisional order hed fixed a maximum price of 7d The fall of costs with

1. OFf Letters from A.B. Holmes and W.B. Sisling to the Elegtrjcal Review.
E.R. Vol., 31 FP 716 & 748. Docember 1892. |

2, Elect.  Vol. 30 P 221, 23 December 1892,
3¢ Analegous to a clinical thermometer.

ke Elect, Vol. 31 P 407. 10 February 1893.
5. B.R. Vol. 38 FP 808 = 12, 19 Juns 1896,
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technical improvements soon led to a lower "off peak" price while the
1

stending oharge remaincd at 7d. By 1897 the former was down to 1id.
2

Wright considered that this system had been responsible for the
isprovements in the load factor which took place from 1893 onwards.

Table 89
- Brighton Load Factor

Year Load Factor %
1887 Usrel
1888 dle7
1892 1.1
1393 ek
1894 PRI
189 134
1896 16.0

The load fector is bazed on the evera:ce of the maximum demands of

the year in question and tho previous year. 7This makes an
allowance for the effect of the rate of growth in the load factor,

which is not allowed for in the usual moihod ot calculation,

Source: A. Wright. Profitable Extension of Electric Suonly Stations.
Paper to the National Electric Light Assooiation, Niagara Falls,
9 June 1897. E.R. Vol., 40 P 857.

L, | Elect, Vol. 38 P 653. 12 March 1897,
2, BE.R. Vol: 42 P 477. 8 April 1898,
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His conclusion was supperted, The Metropolitan Company asserted
that their maximmm demand type tariff helped to improve the load factor)
by discouraging the type of wealthy consumer who would comnect five to

1
8ix hundred lamps for ornamental purposess

Wright preferred a tariff based on the maximum demand of each
consurer t0 one based on the station peak loads He told the Municipel
Electrical Association

"Theoretically, it mizht be said that the stending charpges ought to

be divided into smounts proportionate to the meximum demand of each
custo'r, at the day and at the very time the maximum demand occurred
on the mains each year. This 1s 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
thg standiig c:h.«.s.rgess."1 |

" The Hopkinson=Wright tariff spread fairly quickly. By 1897,
29 of the 123 existing supply undertakings hed adopted the Wright 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 demcnd was based on the mumber of lights installed,
At Mancheater C.H. Wordinghau who had been one of Hopkinson's esssistants

and who was then in charge of the Manchester Corporation eleotiical supply
station used a tariff with a standing charge of £12 p.a. per KW of
maxi.mm demand, and then 2d. a unit, The maximn domand was based on the
mmbox of lights installed. Wordingham would have preferred to use

1. A. Wright. The load of Electricity Supply. Paper to the Pirst

Convention of the lunicipal Tlectrical Assoclations
E.Re Vol. 38 PP 88 = 12. 19 Juns 1892,




Wright's system but the Corporation would not carry the consumer's account
1

over for as long as a quarter. In 1893 the. Metropolitan Electric Supply Coe
was using a reduced chargs for ell units used above 8 per 35 watt Ilamp.2
These maximun demand systems increesed in popularity during the late
nineties and by 1904, 407 of ell undortakings relied entirely on this
form of tariff, while another 38,0 used it in conjunction with some other
ayntem.’ The remoining _22;-5 wores on a uniform flat rate tariff,
Thercafter the maximim demend tariff became the stendard tariff
for very big consumerse The Power Companies adopted it as the standard
system for large consumers and bulk supply. But for amaller consumers
it declined in popularity. 1"‘rom the beginning it had been under fire
because it wes said to be too complicated for the average consuuwer to

understands Also there was a constant stream ¢f ooxhphints from

consumers about it. Not from all consumers, hawever; the Elecirical

Review noted in March 1899 that the opponcnts were often vocal and
influential, while supoorters generally kept quiet.b In saue places,
Glasgow being one of tham, the Wright sysiem 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 systoms He tended to use his lighting for only en hour or

less per day in the winter evenings. Yet as W.A. Chamen, Glasgow's
1, C.H. Vordingham's comzents on Wri ht's paper on the Cost of Llectricity
Supp]y. E.R. Vol. 38 PP 8B = 812. Mo Vol. 37 PP 5 - "}.

2, E.C. de Segendo. Tho Cost of private electric 1ight,.

E.R, Vol. 33 PP 513 = b

3. R.G. Gray, Insugural Address as President of the Institution of
Eleotrical Engineers. 12 November 1903. E.R. Vol. 53 FP 841 = &

and 880 - 30
b E.R. Vol. 4 P 442, 17 March 1899,
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electrical engineer, told the Municipal Slectrical Agsociation in 1901.
these were the henvily rated and influential consumers, who were dii,te able
to make their voices felt in the Council (!hn.m‘ber.1

This consumer reaction was not £ll pressurc group politios by
any means.  For tho quarterly bill could fluctuate quite widely if there
vere variations in the number of lamps left similtansously turning for
eny quarter of /an hour in the quarter, Thus it 414 produce considerable
uncertainly .a.s to the emount of the bill unless consumers were extremely
careful to see that no more than a given mumber of lights were ever left
on simudtaneously. Under the Wright tariff .fat\}"Brighton any extra 60 watt
(16 condle power) lamp left on for a quarter of an hour in each month
would increase the quarter's bill bty 2/93., This would ususelly be a °
noticeable proportion of the bill. In the ninesties the lighting consumer
used about 500 units per years If 200 units were used in each winter
quarter,/the paximum sizmltancous load was ten 16 c.ps lamps, and ths ‘
¥right system' used with charges at 7d. and 1d, tjJe quarter's dill would bde
&2, 48.2 In this cace each extra light left on vrould raise the bill
by 6%, 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 lights were not switched on at a period

of tho station's psak no extra costs were lanvolved. If on the other hand,

1, W.A. Chamen., Presidentiol Address to tho Municipael Eleotrical
Association. Co .ent by Elecirical Rovicw in a leading artiole,
E.R. Vol. 49 FP 1089 = 90, 28 Juns 1901.

2, 0.6 KW x 91 days x 1 hour = 54.6 XWh @ 7d. = 3324,
ZOOOSSKWhOJ.d. - s d.

52174,
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it was gonerally at around a peak time that such extra lights were used

the pro'ba'bilitg thet all consumers would do this on the sanue day was very
low. Consumer choice is partially eliminated. Instead of being able %o
decide whether pealr hour units were worth their co#t, as the consumer woul‘a
have been able to do under a time of day tariff, he was sharply penalised
for exceeding some genersl limit, often when he would be unawvare that he
wes doing 0. Putting the matter rather extravagantly, it was as though
there were something rather antiesocial about switching on a large muiber

of lights at any one time, like keeping library boolss for longer then the
. stipulated time.

Also it was ofton felt that the maximum denmond tariff had only
a slightly favourable effect on the load factor compared with that which
would exist vith £lat rate cherging, The metter was investigated in
1902 by C.A.,' Balcer‘l who collected figures of the load factor of all
stations which had no tremvay power load where such figures existod.
Ho concluded that as the average load factor of stations using a flat
rate was alightly bettor thon that of those using a maximunm demend tariff,
tho maximun demand system did not improve tho load factor. [His analysis
vas crudes The annual load factor as it uses a capital figue relating
'to December, is influcnced by the rate of growthe llowever, ploiting the
load factor egainst the rate of growth for both types of teriff reveals that

allowance for the rate of growth would not malke any significant difference

1. BJRe Vol. 50 FP 458 = 9, 53k = 5. 21 & 28 March 1902,
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to the result, I have token therefore those of Bal-er'c figures where
the rate of growth of demand was given, and a8 the following table showd,
4t is impossible to say that there is any significant difference beiwoem
the load factors of atations on maximm demand and flat rate tariffs.

Table 90.
The effect of pricing on the load factor of & lighting statione
Tariff No. of stations Average load  Standard
Fagtor deviation.
Flat rate 3, 1f:63 2.96
Moximun demand 49 11.35 2.28

The ana]ag.ts 48 crude. Pairing stations similar except in respsct to
tariff might have produced a significant difference between tariffs. Dut
it is very doubtful if enough information exists to do this nows On the
other hand it may simply be that the load factor the 1light using consumer
demanded was completely inelastic. In that case the use of a maximm
demand tariff could have no effect on resource allocation or on averags
costs. This is mot to argue that it would have no effect where sleotricity
was used for powel's

~ As a result of the complication end unpopularity of the Wright
tarift, electricity supply undertakings began to modify the maximua demand
principle, They mors and more used the rough and ready way of assessing
maximum demand by the mumber of lights fixed, Somotimes the tariff took
the form of a rebate depending on the niniber of unita used per lemp
installeds In some cases it was modified still further by basing the
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estimate of consumer's maxirum demend on the rateable value of the houss,

This latte- method was ploneersd at Norwich and by 1911 there were a nuiber of
\ 1

other supply undertakings using 4t.  During a discussion at the Institution

of Fleoctrical Engineers on a paper on Domestic Eleotricity Supply Tariffs

in 1908, the President remarked thet undertokings were drifting sway from the
maximum demand system towards simpler methods of chsrging such as were in
vosue for almost every other conmodity. The general trend of arpument
both in the paper and the discussion was towards a charging system based on
the rateabl: value of the house or the number of lights connec:te('l.2 Such
tariffs were simpler, consumers paid for x units, x being determinsd
roughly by the size of their houses, at a high price, and the rest at a low
pri.ce. If a demand indicator was used a fresh calculation had to be mede
to determine x for each quarter's bill, But the former mathod was much
leoss like}y to achiave the desired result, which was to encourage consumers
to raise/their load factors, It became simply a rather arbitrary way

of apportioning atanding charges, with very little influence on resource
allocation.

When electricity began to be used for traction end power purvoses
snother typs of teriff desismed to improve the power stetions® load factor -
was introduced. A specially low price was chexrped in cases where the losd
factor was lnovn to be hish, This type of charging hed alresdy been used

in the ninetiss for street lights, which usually had a better load feotor

1, A H. Sesbrook, Residence Tariffs, Paper to the I.E.E. 1) December 1911,
F.R. Vol. 70, FP 129 =~ 32, 26 Januery 1912, |

2. VW.R., Cooper, Domestic Electricity Supnly Tariffs, Paper to the I.E.R,
26 “Ovmber 1908.
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than private lighto. There were, however, few electric sir.et ligits.
Then tha electric trams cuwwne ab the end of t‘n»\: nineiies aupply undertakings
were onxious to sup.ly the power, for trmmay; had a 20 » 25/ load factor,
At first their atu.tude secusd to have been to charge the highest price
the tramways would poye  There are ‘several poa\%blo reasons for this.
One is simply that they lhougnt the elasticity of demand for tranway power
was low, another that {ney lhought this, and ‘that the ﬁgmnd for electricity
for lightinb wad olastice Waey may simply have\wanted to subsidise
gnting at the expease of tne trauws, or mos;ﬂli.ks{.{ czf all they simply
thought that the adiliici of a high load factor consumer would reduce costs
and thus lighting prices could de reduceds There is unfortunately very
1ittle direct cvidcnce on intenivion, tut the general felling derived from
reeding /;nurw of the contemporary arguments is that they simply thought
that a hig,he;i load faotor would chegpen electricity by reduoing costs.

g Ye’t the trammiays were in fuct charged on a fiat rate basis
or on & sliding scale with disocunts based simply on the quantity of
electricity bou',ht.1 liowevey, it is noi likely that they would have
thought that tho patiern of truuray dewand could have been altered more than
& vory slight amounl by the use of a maximun dewsnd pricing systems They
do nqt. howsver, seau 1o anave discussed thise

In practics the deuwund for eleciricity from tramways turned out

to be oore elastic iLhwn supply euvhoriiies had at first thmlxght, as the
tremiays either threutensd to build their own power house t!) get a cheaper

supply, or actually did sos Thus by 1900 the charge thought aprropriate

1. There are a fcw cases ol the use of the maximm demand system
Qe fe N.E.S¢ Co. and the N.E. Railway.
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for tramvays hod fallea to about a third of the usual lighting price.

. There wers Lo ways in which the cowwunity could save resourcoes
by adding traction loads to lightiug stations. Ons was because in some
cases there wore sconoaies ol scale to exploit, and the other was because
in so far as tho poaks of the two loads did nol coincide less plant would be
'necessary than i a separaic tramiay powser house was ‘milt.‘ In practice
the troamvay load had morming and evening psaks and the latter overlapped
with the lighting pcak, .and Bousviues coinclded witah ite Dul in any case
average cost was a misleading calculation to make. If pricing hed been
based on average costs, the trawways would have built their own power
houses and any advantages of coubination would have been sscrifigeds In
8o {ar &8 this was dons in th‘e lails nineties that is precisely wnat
happencd,

Tho thraat of ine separale powsr house led supply stations to
charge traznays the average cost of itraotion KWh for a given tramway load
factors This is what they weant by charging the cost of supply, which wes
what the tramways tried to insisi upon. Strictly speaking it was only the
cosl of traction power when tie irawiay peak demard coincided with the
stotion peak. Thus competition forced the saus efiect as would have been
obtained by a straighiforward maxiuuu demand sysieme  Later this was made
wore explicite In the fow years Lefore 19i4 when power rales were lower
than traction rales uhe tranvays began Lo feel they were being exploited,
Thus & joint comuitiee of the liunicipal Electrical Assooiation and the
Junicipel Tramvay dssociation was appointed to consider the price of energy

1, See Chapter 5 Section. 4.
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for traction, U reported in 1911 thnt the charge w-s to be based on cost.
It divided cocts into standing and running eosts, and arpued that trenways
should pay a proportion of the stonding char~as of the power station
dctesmined by the ratlo of the maximim dcmand for electricity for traction
to the totol maximum demond, plus running costs per unit used. This was
thus a version of the. moximum demand *l:arifi’..1

The next important form of load was the power loade Industrial
consuwers often had quite a low load factor, but taken together it was
highor vwing to diversity, althouch there is unfortunately little p‘édso
information about the extont of this diversity.z People turn lights on when
it 48 daxk, run troams when people cease work, but there 4s no similar reason
why all interudi.ent power users should switch on togethers The contimuous
power user hod a high losd factor in any case,  Supply 'undertaktng;a resolved
to au;;aly at a very low price to pomer consumers, partly because of their
high load factor"mﬁ partly because at firat 4t was thoupght that the demand
weuld be ncarly all at off peak times. Both flat rate. with and without
quantiiy discounts, and maximum demend systems weve used, the first generally
for ﬂm suall porer user and the secord for the blg oness The use of a
Llat rate with quantity discounis in general led to lower rates for power,
for ihe very big users of electrlcity, apart from the street lights,
u.vhere discounts rarcly ayplied, usually were the power users. This was not
alvays oo and thus this method of nrice discrimination was’vcry orude,
guite apart fro. this tho costs of electric power compared with steam power

was such that electriciiy would have to be sold at 1d. a unit before salss

woere large. In 1904 = 6 when the important power load was just beginning

1, Chargrcs for Blectrical Enerpy supplied for traction purposes from
Combined Stations = Report of a joint Cmfr:ittce of the Incorpomted

Mciml Ri1antriral A_znaiati~n and ¢ A M
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this was ebout a quarter of the usual lighting charge of 35 e 43d. and

loss then the usual tramiay charyec of 14 = Zd.1 It cema to bs accepted

as the usual pcwer price, although from 1908 - 10 omwards an even lower power
price was thourht appropriate.

Thero were sugrestions that at a price of 1d. or less per KWh
power was belng /suppli.ed below coste It is unforiunately impossible to
bring edequate evidence to hear on this. The delivered cost of off poak
unite, including distribution co:is could uot have been more than 0.54.
per K"ﬂh, even in falrly high cost supply stations, by 1905« But power
units were also used at peak hours, although even at the time very little
secms to have been mowi aboul this. In 1909 it wes argued by S.A. Russell
that it was no longer economic to sell eleciris paier at a "by product®
price as it contributed substantially to the loa.d.z lie went on to produce
figures wgich were intended to show that power was ofton supplied below coste
These are not,/ however, convinving beyond reasonsble doudbt as they were done
on the basis of individuol consumers' load factors, plus an allowance for
diversity of consumer peaks, and nol in rclation to the station peake In

the came year West Ilam Corporation argued before the Local Government Board

1, (contirmed) dssued 21st Sepbember 191l.

2, In Sunderlsnd in 1907 the ratio of aggregate individual maxima to“tho
stolion maxinum wis 2okt 1 JoF.Ce Onodl, Papor to the I.k.B.
9 Jenuary 1908. _E.R. Vol. 62, P 155 £{, '

1. . Yanchester is fairly iypicel of a big underiaking ab the,tim. In the
year ending March 1905 the average revenue from different classes
of supply was:
Private lighting 3.864
Fublic lighting  2.4Cd
Motors 1.184.
R.R, ¥al. AR P 977
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that 1f capital cosis were dlvided pro-rata amonpst lighting and power
cuslomers pouer would cost 0.594 per Kh on the averags, 54 million KWh
were boing sold at an average price of less than 0.54 at the tims., But
capital costs ought to have bean allocated to hours of peak supvly and
thus again the exomple is inndequate. There was a general fedling at the
time lhet ptwer supply was boelng subsidised, although there was usually no
vory oleoar idea of the crucial importonce of the time pattemn of the power
Loade |

Vhere power was sold on a maximm domand system, the rates wdre
often lower than for lizhiing on the same ovrincivle. This was to allow
for the greator diversity of indiviudal consumerd® power peaks. In this
case and when power was sold :;t a flat rate, consumers using both power
and ligating had Lo have two separate oireuits, each with its own meter.
The dilfercnce betiecen lichting and power loads wes arbitrarily determined
" in ULoth cascs, in ignorance of the time patterns of consumer demands and
witaout axu allox;ance for the different demand patterns of different
consusers. This could cause consideradle distortion in the allocation of
rovources, Lcceusc big power consumers would install their generating plant
as an alternative {o taking public suprly. In this situation accurate
pricin, based on coat is very important. As, homever we do not know how
cloge prices iwerc to costs in the case of power supnly no judgement can be
offored on tic posuible exient of cuch distortions, '

when electric cooking and heating sesmed to be becoming
comorcinlly feacible in the last thres or four years befors 1914, supply
for cvoking was dealt with as for power, a special rate being levied which
was 10 reflect the relative use of peak and ofi peak unitas Rates were low;
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by 191" ten or twolve towns hed a halfpanry cooking rates It seemed as
though the peak lnad was often scorcely afioctods  AlH. beabrook, Ste
bmlebone's1electricnl en;ineer, asserted tuat a 1400 KW cooking and
'~ heating load hed baen added to his supply systeam in 1911 without affecting \
the peak load, whi;oh was 37,8 I’Ca\”.z

The third main meliod of ciu'xr",-;i.ng was liat based on different
retes for different times of tihc duys ALl the cconowic arguments are in
favour of this type of pricing bub it was swprisingly ignored in practices
It was‘ not without its promineni sdvocaies but ile maia body of \opinion
.wag opposed to it. Glsberi Kup, sug,cuted a tiue of day taris? in the
correspondence foilowin;; Topkinson's origi.nal' paper on the cost of
elsotricity su;ply. He proposed a clock which would adjust the meter at
predctermiqed times.3 The best and wost compelling argusents for a time

/.
of doy tariff ap cared in a series of arlicles in theo slecizical Review in

the second half of 1894 written by Ali"rqd d. Gibbings, the Llectrical
 Engineer to Mull Corporation.&' Stressing that ovsts varied with the time

of day he argucd for a tariff vaich should have the following characteristioss
There should be a hi_h price in pericds ol mx:tmum demands; he suggested
from L peme to 7 pem. in the winter quarters and 6 peide 10 9 Peiae 4n the ;
Bumner quartero. These poriods should be iized befurchand ao that consumers

3

1, d.e. the agg,regato power of the apparatus connected.
2s During e discussion on a paper by F.li. Long to the Municipal Rlectrical

Associntion on 7o Ceolcins Lond frozt the Supp

E.R. Vol. 70 PP 1034 = 6. 28 June 1312.

’O G. Kapp, letter to the Elect._- Vol. 30. P 201, 16 December 1892.
b Alfred H. Gibbings, The Various Methods of Charping the Publio for

Electricity from a Ccntral Staiiona
B'R‘ VOIO 55. PP 96 - 7’ 129 - 7 ﬁnd 157 90




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
generations The tarifi should apply to all consumers, for whatever
puspose supply was being used, and no rebates should be given to anyone,
He argned quite correctly that the individual consumsr's peak was not
. relevant to the ideal tariff,

Such a tariff needed a consumer's meter which edjusted
automatically to allow for the time of day. He considered that Kapp's
; device was quite adequate for this. The latter was based on the prinoiple
of "shunting" the meter. It had an automatically rewound clockwork
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 could be adjusted, which controlled the
price dift;erential between peak and off peak units. Such a mster really
recorded in money rather than physical unitss Such a device could be
connscted to any existing meter at a cost of about £3, thus being about
- half the cost of the meter itself, Soms extira 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 cbjection

to differential tariffs based on their meximum demands was the undertainty

as to the final emount of the bill, which could be considerably affected

by the héight of the consumer's peak. /
" If adopted the tims of day tariff would have been much simpler

than the complicated set of tariffs which had grown up by 1914, with éh.
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various versions and modifications of maximum demand teriffs and speoial
prices for special loads, _

This important series of articles mmovoked no editorial comments
and no correspordence whatevers Thae tariff advoocated was never given
a reascnable trial. In Bristol a few houses had Kapp's "time switoh” but
only a few. In Norwich a time of day tariff was instituted, and the

]
consumers' meters controlled from a oclock at the Central Station. But

in neither place did the tarif{ last.

There seem to have been t?o reasonss The first was the alleged
unreliability of the clockwark time switch and the alleged high cost of the
centrally controlled systems The second was that most supply engineers
thought the time of day teriff misteken theoretically. There ia evidence
that olock controlled meters were neither as reliable nor as cheap aa
Gibbings argued. In 1913 H.H. Perry, one of the foremoat experts on
meters, told ths Manchester section of the Institution of Electrical

Engineors that olock controlled meters had made 1ittle headway because of their
high first cost, the necd for monthly winding, the degree of skill needed

for repairs end the prolonged period of testing required before they could

be mstulled.z Centrally controlled systems required a 3rd wire to the

meters 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

eleotricity supply the extra cost of instailing it in new networks would

1. R.P. Wilson, lethods of Charpging for Electrical Sunnly, peper to the
Northern Society of Electrical inginccys 8th liarch 1897 |
E,Re Vol. 40 FP 365 = 6. Elect, Vol. 38 PP 695 « 7.

P _B__Q_R_o Vol. 73; P 821, 21 November 1913.
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havo been much less, Alsg centrally oontrolled clocks do not seem to have
been perfectly reliable in opcration. However, time switches were being
used, apparently with sucoess, in seven towns in 1910, for special
reatricted hour tariffs. Also it is possible that the lack of interest
of elestricity supply engineers in the time of day tariffs slowed down
possible m;g'ovement in these meters.
A8 has been noted Wright opposed the time of day tariff, and
this view seems to have been held by most supply engineerss For examplse,
WeA. Chamen, the Glasgow Corporation's Electrical Engineer, argued that
"It does not seem to me to take a grip of the correct principle for it
would result in oharging a long hour consumer 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 aupplyi.ng him and makes him pay extra
for the other consumer's shorfcomings”".  In later papers on supply tariffs
the tims of day charge is usually ignored or very briefly dismissed,
Restricted hour tariffs were used and provide some appt&imation
~ %o a time of day tariff, It was used for electricity for motors, but ‘
appealed only to the small user who ran machinery lintemittently. 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 1t seemed to work quite wells First introduced at Burton on Trent
in 1906 it produced a rapid rise in that town's load faotoxf, from 12,74

> |
to 19.6% in 1908 when power KWh sales had risen by 50%  There all tut

10 0 Pe cite

2¢ WV.A. Chamen, Presidential Address to the lunicipal Electrical
Association. 19 June 1901, E.R. Vol. 48 P 1128.

3¢ RJ. Pringle. The Restricted Hour System of Power Supply.
_ EsBs Vol. 67, PP 354 = 6 and 365 = 7s 26 August and 2 September 1910.
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10,0 of the motors connected were on a restricte hour basis. It was also
used i‘n Bradford, Dewsbury, Glasgow, Grimsby and Worcester where 117, 535
7% 26jo and 19 respectively of the motors were on this tariff, Yet.
because of its lack of general applicebility it was clearly inferior to

a time of day tariff,

1

If the pricing situation which emerged to cope with the
electricity peak was a little chaotic, that of the tramways snd suburban
reilways wos frankly perverses In 1910 J.,R. Salter in an important
peper to the Tramvay Congre.s pointed out that tramway costs could de
divided between standing charges and operating costs as in the case of
elcctric!.t;/r supply, lamenting that the Hopkinson principle had lnot had
full application to trams or ras.’slvmyos.1 But not only was the Hopkinson
principle not applied in that fares at peak hours were at the same rate
as off peak fares, but they were often lower, because of workmen's tickets,
The latter were disliked by the companies. For example, both the Great
Bastern and the Central London Railways complained before the Royal
Coumission on London Traffic that they were unprofitable. Presumably
they meant below average cost, but if this was so they would be far below

long run.mrghml coste It was Parliament and the local authorities

who forced them to have them. The latter were particularly anxious te

s J.R. Salter, Traway Economics. Paper to tne Tramway Congresse
B.R. Vol. 67. PP568. 1 J“]N 1910,
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have cheap workmen's transport, partly as a way to re-distribute income,
but mc:ro a3 a method of trying to induce workers to leave the crowded
unhealthy aroas of the centres of the towns and move into the more
salubricus outskirts. Naturally whore they operated tramvays themsslves
they usually had cheap workmen's tickets.

I have uncovered no evidence of tram;y or railway companies
desiring a higher peak hour fare although this would have more nearly
allocated the costs of the services to t‘hose demonding them. It is
hoiever 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 the publics The public would have
felt the same of the railway companies; public opinion seems to have
exercised an dmportant regulatory function with respeot to raillway charges
in generals It was particularly difficult to change fram a flat rate %o
s time of day rate once the formexr had been generally adopted,

Onoo. low fares at the pesak 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 suburben train
travels To do 80, collusion would have been necessary and oould hardly

fail to have been noticed.
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Chapter i1,

Somse further comuents,

The Eleotrical Industry 1s sn important one in the British

Economy during the period under consideration. It wes sald to be 2
key sector, and its allegedly slow growth is somotimes sald to be one
of the reasons for the slow growth of the economy at the tims, Yet
despite ita slow growth it was an important componsnt of total investment
in Britein. The relevant figurcs from 1897 on are in Table 91. They
understate the statistical importance of electricity in three ways.
Pirstly, all electric railways except the London Underground are excluded.
.Sgcondly, investment in wiring in the premises ‘of consuners buying
electricity for lighting and power is exdluded, Thirdly, nonetraction
motors and lights are excluded. |

' The importance of the growth of the electrical industry i.n
stimilating the growth of the economy cannot simply be measured by' its
share of capital formstion. A consideration of the stimulating effect of
eloctricity would, however, be rather complex and will not be attempted
here. Iwo matters will be considered in this final ohapter; firstly the
pattern of innovation and how it wes affected by economioc facters, and
secondly a sketch of the sources of finance.

2

Pirstly we must look at the process of innovations, Innovations
vary in importence. In this industry, where imnovations were directed



column are very crude,

’. EnJI Yol. 71.

Sourcess Tables 163 350 ‘be' 22 and 28,

465

Teble 91
Gross Investment in Fixed Capital in the Electrical Industry
\ 1897 = 1913,
o M B e e M D
Railwaya pover ment in the _U.K.
plonts (lclnatﬁn)’ |
£n &n £m £m £m
4897 2047 0,57 0.81 0.15 4400 3.1
8 3429 1.63 0493 .15 6.05 . 3.8
99 ls482 2.55 1.65 0.38 9.40 S5els
1900 6,26 700 1,66 0,35  15.27 8.0 :
0L 650 6.7 1,69 047 1544 8.1
02 - 7.35 6.78 3463 0.75 18.51 9ebs
03 "' . 7.60 6.78 5¢54 1.73 2165 11.3
G Bu2%i o G227 6uB 108 19.99 10.8
% ,»(,;-;,-v; © 8,36 ' 5e90 © 5el0 2427 - 18493 10,9
06 /Tri Jioe58 5490 it 3aB2 v 3,010 17.32 ,20.6
07 ior - 2689, 77 413 170 -~ 6s25 * 195 20,0
Bti 295 't 282 0 OMS < i2u3 c- 835« 740
09 .1 2,600 2,92 ' 0,35 ‘i 5.21 ¢ 1108 9.2 .
900 4 272 LI3C 069 32 o BB . 68
U 281 CLTL T T3 e 248 LT3 b ¢
22 263 ¢ 1.8 290 330 881 - 68«
B 3 L6227 23 8 57
1. Converted to calendar year basis. T
I2.' For method of calculation sce Appendix P'* *~ ' Ihe t'.‘ign‘u in this
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towards cheapening same final product which was already in existence,

for .exmnplo, 1light, tramvay transport and turning paner1, the importance
of an innovation could plousibly 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 ones is left with a strong impression that the

size distribution of innovations was highly skew = a large number of small
immovations, end a few big ones, Because of the lack of cost information
one is only well informed about the important imnovations. I 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 factérs,
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 possibilitf of advance. This
is non-economic in that pure scientific research may by socme discovery
open up new fields., An exemple is the discovery of the principle of self
excitation in 1867. But even pure science is connected with economio
matters beceuse the comueroial use of something like electricity stimlates
"pure® research, as weli as research work directed to long rangs economio
ends. In the electrical industry throughout the period 1875 « 1914 the
1.'\'This is not to arpue that, for example, electric lighting provided the

same light a8 gas lighting. I have argued that there were quadity
differences. Nevertheless it provided a similar light.
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possibilities of technical advance were high, This was particularly so
in the 1830s and 1890s. But although there were few completely new
developments in the years 1900 « 1, considerable progress was possiblo
with existing basic types of equipment.

Another importent determinant of the rate of innovation is
men's ability to explolt the potentialities of technical progresss This
i3 a function of éducation, and, what 1s an associated matter, the
allocation of skilled men 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 valudtion which the
society places on increasing the national incoms, DBut becuase we are
talking of 1nn§vati.on and not invention, economic facts are important
because skilled men with varying specific interesis and ability can work
in différent fremeworks. In the United States and Germany ths electrical
industry wes 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 wers separate {rom 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 mst de
disoussed., Firstly, there is the existing factor endowment of the
British economy at the time and the rate of growth of the Bﬁtiah 60oNomYy s
Secondly, there is the effect of the degree of vertical integration within
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the electrical industry. Thirdly, thera is the degree of horizontal
integration.,

The effeot of the factor endowment of the British economy on
the rate of innovation is closely linked with the rate of growth of the
economy. DBecause gas was cheap compared with the United States, electric
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 tremway develomment was hindered in Britain by
factor endowment and the rate of growth of the economy (or perticularly of
certein sectors of the economy). There wes 1little house building between
1890 end 1895 end efter 1904, After the first wave of eleotric tramway
building (1897 - 1904) the existence of a dense network of steam railways
delayed ér prevented the building of interwurban tramvays. At the sams
time it was often not worth electrifying short distance steem raillways, .
even though, if there had been no trains, transport would have been most
cheaply provided by a light electric railway {or inter-urban tramway)s The
growth of factory eleotrification wos also held up by the slow growth of the
economy. The growth of lighting power and traction was slower in Britain
than in the United States because of the relative scarcity of cheap water
powers DElectro chemistry developed little in this country principelly for
this reason, Comparative cost considerations ruled egasinst any English
Niagara Falls electric power scheme. |

In the cases of electric lighting, power and traction reasons for
the slow growth of electrical methods have been  iven in the relsvant
chapters. Vhat is to be considered here is the effect of this slow growth
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on innovation. In the 1880s,{more strictly 1879 = 91), when electric
lighting seecmed to have failed at the "take off™ point, there was considerable
inn.ovaticm in Britain. Many inventisns and improvements were made.
Naturally they were mé wmely apnlied, but they were applied, end thus
count as innovatlion and not simply invention. British engincers were

quick $o follow innovations made abroads Crompton quickly followed Brush's
lead in developing n;ulti-aro dynamos. Swan invented the electric
incandescent light bulb at the same time as Edison, and even though he 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. 1In the cese of the a.c.
transformer and the use of high voltage transmission FPerranti in Britain
saw the economic advantages of the transformer as quickly as anyons,

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 countries
in the 1880s. Ferranti was the principal ploneer of paper insulated
cables. Parsons developed the turbo generator, In small es well as in’
major matters there was great progress in 1nhovation in the electriocal
industry when the economic situation was very discouraging.

The 1890s, (more striotly 1892 = 99) show sn almost diametrically
opposed set of conditions. The clectrical industry began to develop
fairly rapidly, especially after 1895, and yet the rate of innovation at
homs fell away to a vefy low level. The important develojmenta in traction
and power came from the United States end the Continent. A very slow rate

of dnnovation was particularly marked emong British mamnufacturers of
1. H.C. Passer. on.cit. Chapnter 9.
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electrical machincry.

It would be odd to arguo that a slow growth of the application
of e'iectrical methods stimulated immovations On the other hand it is
easy to seo how lack of cannercial success could deter further invention
and innovations Thus the evidence seems & 1ittle perverses Howaver we
mst distinguish between the making of innovations and the application
of innovation. The rise of electric traction in the late nineties was
the application of cn innovation = or a series of innovations < made abroad.
Thus one reason why the rise in demand for transpoxrt did not stimlate
innovation at home was that the important innovations had already been
made.

Also there seams to have been a considerable time lag in the
response of innwvation to economic conditions. The slow innovation of
home manufacturers in the nineties is partly a response to the economio
diffioulties of the eighties. Because the financial return to innovatiom
had been low in the eighties both lendors and the commercial directors of
eleotrical firms becams reluctent to finance and encourage it, This
attitude 48 ashown particularly clearly in the case of the electrical
machinery manufacturers in the ycars 1896 « 1902,

After 1903 the slow growth of the market does secem to havé had
the effect of dampening down innovation. The alow rate of growth of demand
for capacity in electricity supply delayed the adoption of aows of the
posaiblo economes of scale in electricity generation. Yet a slow rate
of growth of demand for capacily is clearly not necessarily a bar to -
innovations 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 diificulties of the years 1901 « 10 do ssem to have reduced
the development work undertaken by British mamufacturers.
The second important economic matter to consider is the effect of
the degree of vertical integrations The small amount of vertical |
" integration in Britain compared with the United States and Germany produced
a structure of the morket for electrical plant that was said by comtemporaried
fo be a handicaps Becuose electrical utilities and electrical mamufacturers
wvere Separate end indepsndent the consulting engineer was used to bring
the two together., The consulting\ engineer laid down specifications «
usually rather strict ones - for the equipment required.  Msnufacturers
pesponded with tenders. In the United States by contrast the relations
between plant manufacturers and utility were close, and utilities often
simply ordered plant automatically from one manufacturers In Germany
the situation was much the same as in the United States, The some
financial groups had interests both in utilitios and manufacturers.
Contemporaries in Britain argued that the British system hindered
progress. Much of the evidence does secm to be on their sides
Standardisation was more likely {0 occur when manufacturers had more say
in the type of plant they were to supély. Of course standardisation by
itself was not necessarily cn odvantage; it could involve stagnation 4n
design. Tho consulting eng’:?noer oould stimilate manufacturers. In 1892

the Electricion ergued that "perhaps nothing else has done so much to
develop and improve the d.c. dynamo a3 the stringent conditions as to

weight, size and heating which have been laid down in the Admiralty

1
specifications”, Yet in Britain there was certainly too 1ittle

L P NG Tle 1209
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stendardisetion, This does ceem to have kopt costs up rathor than dowh.
By how mich we cannot say; one mmust be careful not to exaggcerate the
posaibilitics of standardisation, Inevitai:ly most plant had to be
deaigned for a particular job.

More important than the qﬁestion of atendarisation, seems to be
the possibility of developing plant by close co=operation betweon consumer and
mamufacturer, that is by contimuing dovelopment work when the plant was
actually operatings In Britain tho uss of a consulting engineer, with
the system of rigid specificeticns and heavy penclties for not meeting
prarantecs does seem to have made close co-opsration between mamufacturers
end utilities difficult. The fact that many utilities were local
euthorities made for further estrangement.

This view is supported by the facts that on the North East Coast
thare/ was close co-operation betwecn namufact J;u’s and N,E.3. Co. and that
this secns to have had benaficial results. N.E;S. Coe bad a purchasing
policy quite aifferent fram that of other supply underiakings, Merz oftem
invited tenders on very open specifications for individuel items of plant
or merely consulted firms who he thought could build thq machinery. Prioces
wers often fixcd by bargsining., If, aftor plont was installed, difficulties
were axperienced, the manufacturer would be called in. Where progress

' consisted in a series of small improvemenis made because operating conditions
chealed snags this was very frultful. For exampls a good desl of the .

improvement of metal cled switchgear was dus to the cloae and frifndly
relations between Rsyrolle & Co. and N,B.S. Co. The former hed based

their initial designs on the A.E.G. switches installed in Northumberland



in 1902, Mnny of the Reyrolle improvements were swall changes after
par::icular snegs occurred in working. The problems wera mochanical
rather than electrical, and difficult to prediot theoretically. 04l
filled boxes turst when faults occurred; they were replaced with
strongsr boxes, On such matters, Mars & McLellan, the consulting
engineers, N.K.S. Co. the operators of the system, and Reyrolls & Co.
the manufacturers and contractors for switchgear co-opei'qted closely, -
often on Reyrolle's shop floor. It was not a question, as with other
supply undertakings, of collecting penalties erd turning to other
contractors. There was similexr close co=operation between N.E.S, Co.
and Parsons. It was at the Blaydon i‘fagte heat & power. stetion that
Parsons made his {irst re-heating experiments with turbiness The low
oapital costs of the N.E.S. Co. system suggest that no penalty in terms
of high prices was peid for this reduction in competition.

| There are dsgrees of verticsl integration. Integration means

replacing a market’ structure with an administrative structure. Without
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arguing that complete vertical integration was desirable one can argis thag

too mich reliance wes put on a market structure, which did not have the

necessary flexibility.

It can also be arpued that there was too little horizontal
integration. It has been argued in Chapter 9 that publis utility
control of thes time led to insuff'icient horizontal integration in
eleotricity supply and olectric tramways. It may be asked 'fvhether the
private monopoly which this control was designad to prevent - or at leant

strictly control = would have be~n more efficient. In tht .United States
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wis the minimum efficient unit in electricity supply expanded, holding

conpanies were formed which conirolled sevaral locel companies. In the
1920s private consolidation proceeded porticulerly rapidly.i Electriocity
supply efter 1905 is a clear <4 q where if private monopoly had been allowed
prices might have been lower as lower costis, hecause of economies of

scale, iight have overcomponsated for higher profits. The crucial
questions are the extent of scale economies and the elasticity of demand

for eleciricitys The suale ecanamies were quite large as the low costs

7
of HeBe3. Ca. .*shairr.2 There 1s no information which would enable us to

make any precise calculations about the elasticity of demand for electricity.
Nevertheless ono can try and make sore rouzh guesses bascd on literary
evidence, Ior elecctric lighting demund was probably generally rather
inelsstice It was certainly highly inelastic in the eizhties when

electric lighting wos much more expensive then gas 1ighting. The
elasticity oi' demand for lighting for lighting rose during the nineties

os electric li@ting costes come down towards gja&' liphting costs. Also

in the late ninstioes the clasticity of demand for electricity for traction
seems to have been quite higch as tramiay elecirification proceeded rapidly,
However, it was casy to practice price discrimination. After 1900

the elasticity of demand for electric lighting must have declined again

with the introductiion of the incanlcccent ges lemps But the introduotion

1, H.V. Paulkner. Amcricen Economic History, 7th Edition. New York. 1954
P 6100 | K '

2, Chapters 3 & 4. The low cost of N.E.S., Cos electricity was due ¢o
other things than scale economies. But scals economies wers important



of the motal filament lamp in the years 1908 « 10 raised the slastlcity
1
of demand for electricity considerably, The demnnd for eleotricity

for power seems to have been quite elestics The higher the elasticity
of denard for a product the less we need to fear monopoliatic pricing,
In these terms therefore a case could ie made nut for regional private
monopolios in eleciricity susply from 1905 to 191, {and perhaps later).
In ths cose of eleciric tramvays and the London Underground
thors wero certainly economies of scale. There were not scale economies
in on isolated large town but .’m conurbations whore there were several
operators, The economies of scals were economics of through running
and would have reduced travel timo rather than fares.s It 18 very
difficult to guess ot the elasticity of domand for {ramwgy and urban
railway transporte It was probably higher in London then elsewhere.
The general used cc;ntemporary index of travel frequency = JOurneys pete
per heed of population = was remarkebly low in London, not only compared
with very large cities but with biy British toms. Generally, bowevprj.
the demand situaticn for suburban housingz does not lead one to expect

a high elasticity of demand for urdban end suburban trensports Hence the
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argunonts for private monopoly are considerably wasker, both on the demand

and on tha cost cide than in the case of electri¢ity supply, london,

however, is an importent exception.

It is also possible to argue that more horicontal integration
would have been desirable in the cnse of the slectricel marmfacturers.

1, Vhile at the same time causing a once for all ahift of the demand

curve to tho left.
\

2, Chaptor 5 P 1?9.
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In the United States and Germany hi:h conceutration went hand in hand with
ranid technical rrogress. In 1892, with the formation of Gen ral Eleotrie,
olcct..rical machinory manufacture in the United Statos became a duopolye
In Germany in 1903, the amzlgamations of A.2.G. and the Union Cos and
Siemons and Schuckert led ¢uicl:ly to a duopoly situalion. The consequent |
reduction in competition does nat ssam to have led {0 ony stagnation.
On the other hand it 4cea not r2.m 4~ have led to any quickening of
technicol progress. Howover it might have done in Dritain, although
there is not cnough evidence to be sure of the matter. FBritish ﬁnnl'
seem Yo have .bccn big enough to exploit econaiies of scales The
manufacturing techniques used in building clectrical machinery were not
ones wasrs these cconomies were considorable, Llect:ical manufacturers
4id scarcely any research before 1914. There do not appeax to have been
'econiiocs pf scale in develoyment work which uritish manufeacturers could
not benefit fran. Yot it can bs argued that thc type of price cutting
which rct;ulted froe the sxistence of 4 « 5 large firms in Britain did
siow up innovation by reducing profits and causing illi.quidity.1

| It may well bo' asked why greater concentration did not take place
4n Britain in electrical machinery men:teatare. Not enough is known about
the individual firms conrcerned to glve an elcyualc enswers DBut the:
{chnrnctor of the roccssions does provide a partial snsver. It is
significant that in Geruany the amalgomations of A.E.G. and the Union Co.

end Siepens and Schuckert were eased Ly the difficulties of the Union and

1. See Chapters 7 and 8.
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Schuckort Companles, The relative gentleness of the Znglish cyole in
electricAl equipment way have becn disadvantageous.‘ The mors violent
recesslons in the United States and Gurmany even if they did not materially
eld smalgomation, at least increased concentration by eliminating the
weeker firms.

The electrical indusiry suffercd from insutficlent horizontal
integration in that enginecers and business hxen did not work well togethers
In the United States and Germeny the major manufaciuring firms employed
many of the best elecirical eminaers.z In Britain this wes largely the
case in the 1330s but in the nineties ihe major firms lost meny of their
enginesra. Howover it is clear thal were omalgamation could not cure thisj

‘the gap beiween enginsers and business men was $oo big. m,em&“mmm
there 1s on inevitable gap between tha two, but it does seem to have
~ been particmlarly wide dn Brit'\ia}kn. Business won had virtually no
technical iraining; enginecrs did not feel that commorcial matters
were their province. "fndeed they wore not encouraged to concern
thamaelvos with the fixm's accountss I'irst ratle engineers like Parker,
Ferranti{ and I’ara'ons folt that they must work on thoir owne Yot even
Parsons might huve donse bottor if ho hal had greater business sld.ll.’
This gap made it dirficult for English sirms to digest outside inventions,
This is shown by the situation in the carly eighties and the diificulties
Englial; firwe had in building Persons turbines.

1, Cf. D.ll. Ioberison, opecite PP 27 - 8. "Tnanks to its more moderate
and controlled expansion, the English electrical industry escaped
' altogether the catasirophe that befecl its Gennan neighbour,®,

2, Ses H.C. Passer. op.cit. for the Unitod States.,

3. Sir Alfred Yarrow comuonted that Parsons was a "stupid sort of chap in
business.” R. Apsleyords opscite PP 269 = 70. For comments on
Parrantd sas PP 366 » 7,



The rewards of an enginger working for an electrical

manufacturing firm or en elecirical utility were fairly amall, unless he-

wers a Director. Salaries appear to have been fairly lowe There is
very little evidence on this and it is difficult to make a balanced
Judgement, But there was constant complaint in the correspondence
oolums of the Electrical Review and the Electrician that municipal

. eleotricity supply undertakings and municipal tremways paid exocessively
low saleries, end that this led to their getting inferior men. There

seems to have becn a good deal of Jjustice in this view, although one

con point to very good elecifical engineers who worked for municipalitisss

Low salaries may have led to employing men with a pedestrian approach
to ;uttors when what wee needed (at least after 1905) was to persuade
Town C‘tmr;oﬂs of the need for co=operation with adjacent oporatorl.z
London tr;nnport seems to have suffered from a rather uninapired tramwey
manager, who wes reluctant to make through running agreements with other
Operaton.} |

In electrical machinery manufacturing engineers were also not,
it seems, well paid. Nor wers they given much scope for developing new

designs of machinery., Many of them were atiracted into becoming
consulting engineers, There, ss far as we can tell financial rewards

were better, and there was also more scope in designing plants It is

‘le  @sge JoF.C. Snell and C.H. Wordinghame

2. Bee Chapter 9.
3, Charles Klapper. opecite P 246
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slikoly, hcmcve? that soclally ey had too much scope. Consulting
engincers were not intimately comected either with the manufacture or
with the running of plants They were atle to try out all their new
1deas,. whicih werc often no doubt good ones, without worrying about the
cost of production of electrical waciinery gensrally, as opposed to

tne ¢ust of a particular orders To reduce costs by standardising they
would ail huve had to have acted, if not altogether, at least in groups.
Given a sltuation of no siandardisation, introducing special modifications
is often justh‘ied.1

’ In considorin innovation the quostion of patents has been
ignoreds Tl;is has been done because there scems little to say about
patents in elecirical machinery manufactiure, and nothing to say about
patents in eleciricity suppliv and eleciric tractione This is peidtly
because many plroducts were developed abroad and introduced by new
companies holding the English patent rights. But evon without patent
proteotiotlx entry vould have taken place because of a superior product
which could not, quickly be cupied at existing pricess The rather
acanty evidencc suggesis tnal it was not usually dilficult to get
licences to work periicular patenis. Again evidence is inadcguate but

royaltics do not ueem to have been high enough to restirict campetition

2
substantiallye A wsubsidiary eflect ol the patent laws was to encourage

overcapitalisaiion « palents being overvalued assetse Dut this is more
sn Allusiration of tae poor underatanding between technical and comnercial
persomel, and the specalutivs nature of the market for ordinary shares

10 soao Saule OE.Oito P 21. )
2, The evidencos of firms® coots which might enable ons to decide this

question secms to have becn dostroyed = if it ever existeds Costing
wna rrimitiue,
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than a comnent on the economic effect of patentss One must conoclude
'this parograph by saying that patents wore very important in
incandescent lamps, and led to a monopoly from 1888 to 1893,

a

Various comments have been made about financing in earlier

chapters. An adequate study of financing would involve further
research, But some general coanents con be made., Most of the
borrowing for electiriciiy su:ply was done by the minicipalities. luch
of the money must have been subscribed locally; how much we do not
knowe Electricity supply companies were, it 'aeems, largely ﬂnnnco&
locallys, The dircctors were often local men, However there were
also s;;reral’ national groupss British Eleotric Traction hed
oonaidorablo' interest in elsotricity supplys This was usually in the
areas served by the power compeniess B.E.T. was the original owner
of the County of Durham Power Co., and held several Provisional Orders
for lighting and tramways in County Durheme It con;crouod the North
Letropoliten Power Co. and held many Provisional Orders in the
power oompany's area.

| Edmindson's Electricity Corporation was a financial group
with interests in small central stations in a number of amall towns spread
all over the country. Although it had helped to finance many electricity
supply undortakings, as Teble 92 shows, the total amount of money provided
in this way was relatively small. Tho EM»‘& money was probably
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Table 92 ]

Edoundsons Electricity Corporation Investments in

and edvences to Subsidisry Cos, March 1906, _

Compargy £ As a percentags of
capital expenditure.

Alderley and Wilmalow 40,608 92
br Omey : 25 > 100 19
Folkestone 13,475 8
Isle of Vight - 169,174, 71
frecobe : 35,345 120
Lymington 30,839 | 83
Melton Xowbray 36,910 )\
Nevmarket 13,650 36
North of Scotland Co. 97,906 9%

(Brechin, Invernass

and Montrose)
Hamsgato 3y 103 91

. Searborough Trams 97,931

Urben E.S. Co. 409,789 53

(Cambourne, Redruth,
Glossop, Twickenham,
Hawich, Granthanm,
Berwick, Godalming,
Newten Abvot, Stanford,
Dartmouth, Weybridge,
Newbury, Gaterhem,

Winchester ' 25,815 30
Wycombe - 87,945 90

Lancashire Power Construction Co. 010
Also Investments in Guernsey 8131.796) and in Crower, Dorking, Frouws,
Hamilton and Surbiton (32,274

Total £1,413,101

Total capital expenditure on eleotricity supply in Britain
et the tius was see eve £59’u|-°.222

Source: Electrical Review Vol. 59. P 138,
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largely raised notionally and used to supplement the money raised locally.
Teble 92 also shows Edmundsons lemding to the undertakings they controlled
as a percentege of the capital expenditure of those undertakinga.1

There were also smaller groups, for exsmple the Electricity Supply
Corporation and the Northern Counties Electricity Supply Corporations.
They, like Edmundsons financed small undertakings in small towns.

Even quite big undertakings ralsed a large part of their
capital 2ocally, For exomple, N.E.S. Co. 4id not make any publio
issue outside the North Eest until 1906. By then it had spent
£1,383,965 on capital account.

' Although the matter has not been fully investigated it does

seem that electricity supply undertakings found it difficult to borrow
outsido/ their locality. The power compenies (except N.E.Ss Co.) found
borrowing difficult and yet other electriciqj supply undortakings seem

to have been eble to extend their plant to meet demand without difficulty.
Becouse the power companies were not based on any one town they had no
natural local source of moneys N.'E.S. Co., the one powar company which
wes able to borrow fairly eassily, suprorts this argument, for elone of the
power companies it grew out of a local undert;aklng.

The finance of elcotric trammays was aimiler to that of
eleétricity supply in that the minicipalitios were the principal
borrowers., But the private sector was dominated by B.E.Ts However
we do not know whers B.E,T. sold its shares. The London Underground

1. This percentage is not quite the right ons to take. But it has
been simple to calculete 2s I have been able t0 use my collected

capital expdnditure figures,



L83

Railways wore largely financed from the U.S., elthough the Yerkes = Speyer
group mist have borrowed heavily in London as well. To disentangle the
financial errangements in this case is a task on its own. The capital

for the Liverpool Overhead Rallway wes raised entirely in Liverpool,

end with great eoses The Mersey railway borrowed from Westinghouse

for its electrification and the main line steam railways no doubt used
their ususl 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
c'anpaniea did not usually sell meny oxdinary sharess lMany of them were
held by the Directors. Some of the Directors were often members of the
ori.gina/l partnership or purchasers of the oﬁ.ginal patents, or the orl.gipﬂ.
montSm. Sometimes & locel landowner, who had 'bought many shares, a
sat on the Board. Preference sha're{s were held more widely but were not
easy to sell except in times of considerable booms Debentures were
presumsbly more widely held atill, Electrical machinery mamufacturers
also had heavy bank overdrafts end 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. Dut the underlying pattern described above does not
seen to havé altered much. In the years 1879 « 82 money was veéry easy
to raise. From 1883 = 87 it was very tiyht. Then from 1838 right
through until 19C4 borrowing was not very difficult except for the
machinery menufacturers. In the recession 1892 = 95 private borrowing



was not easy, but the municipelities were able to raise what they required.
After 1904 interest rates rose, which could be a scrious matier in a
capitel intensive industry working on small mar ins (e.g. electric tractiom
and electricity suoply)e In the case of the L.C.C, capital market
difficulties were én importent cause of the scaling down of pudblic utility
aohemea.1 London is, however, probably not typicals If the other

local suthorities had similar Dorrowing difficulties they kept rather

quiet about them.

< .
1, O.H. l}“instein. Home and Foreign Investment. Cambridge Ph.De 1959
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APFENDIX, RETHOD OF CALCULATING VARINUS TABLES,
Gross Investment in Electrieity Supply.
Table 13,
Before 18955 capital expenditure figures are rather dubious.
The Electrician made estimates for capital expenditure at ths end of
189, 5 & 6+ I have also made estimates by the mathod described on
Pages 486 « 8,

Electrician Mine

£000 £0C0
189 71,400 1,150
2% 8,002 8,57%
96 9,673 10,547

At the end of 1891 8 London Companies had spent £2,018,997 I have
allowed another £1lm. to cover other companies at the end of 1891.
I have assumed that capital expenditure at the end of 1888 was only
3300.0(;0. I then interpolated graphically between these points and the
later estimates made by the Electrician end me.

Gross investment was taken as the investment in capital
| expenditure,
Gross investment £m.

Elegtrician estimates Using oy estimates.

1839 0.7

1890 . 0.8
9 1.2
92 | 1.5 | 1.3
93 | 1.5 1.3
al,. 0.6 . l 1.6

- 9% 1 deb
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Table"16,

Electrioity supply undertokings hod, under the Electric Lighting
Acts, to make returns to thoe 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 frultless. Tihus I have had to fall back
on the figures in Garke's Menual. Data on capital expenditure are given
for most undertakings for mt yearss There are some gaps. Also
sa.nething was spent on Capital account before the underteking was opened,
end often the emounts are unknown, Bstimates were made for missing years
by linear interpolation. To allow for capital expenditure before the |
station opened it has been assumed in most cases that capital expenditure
was zoro at the end of the 3rd year before that in which supply began.
“In the cases where the undertaking was small end capital expenditure
was £20,000 at the end of the year in which supply began it was assumed
oapital expendituré was gzero 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 undsrtakings. Happily there are only short
gapa for the big undertakings. Often it is only one year and an estimate
whioﬁ is the arithmetic average of capital expenditure in the previous
and following year cannot be far oute The undertakings with very long
gaps or very unsatisfactory figures are the small ones, Por a few of
them, capital expenditure figures have been estimated from figares of
issued capital,
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In order to get some idea of the possible errors which might
be involved in eatimation those undortakings with long gaps in their
published figureas were put into a separate groupe This was done when
there were estimates more thaniooncemtive years., However the period
was not treated as a whole as on several oocasions a good run of figires ‘
contains a gop at ons end. The period was divided into two parts,

1895 = 1904 and 1905 to 1914 inclusive, Care was teken tc see that

long gaps in the period 1902 « U7 were not ignoreds Whers a run of
figures for one of the two sets of ycars had more than 2 estimates linking
on to a set of more than 4 consecutive estimates in the whole period

1902 » 07 it wes put into the separate group.

Sometimes published figqrea were rather uncertain, Where this
occurred they were assumed to be rather more relisble estimates of the
truth than are possible if no figures at all exist for a year., If the
figures of an underteking contained estimates plus uncertain figures for
ons more consecutive year than simply where estimates alone were considered,
it was put into the separate group.

The aggregate capital exponditure in the separate (more unoertun)
group is below expressed as a percentage of agrregate estimated capital

expenditure (more certain plus uncertain group).

8

2.4 Je

1895 2.8 % it‘;
2 Je2 07 5:0
97 3.7 o 20
gg 3.7 09 ool
: e 910 5.6

1900 4.3 n s
01 2}09 12 7.2
02 5.3 2 .
03 6.2

ol
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The errors can ccarcely be higher than thsese percentages. Brrors in
the capital expenditure figures would be serially correlated and thus
errors in the gross investment should be no lerger than in capital
expenditure.

Depreciation normally took the form of a sinking fund. Where k
1t a4d not I have corrected the rolevant capital expenditure figires,
Where plant was s0ld I have allowed capital expenditure figres to fall
accordingly, Honce gross investment in anfr year is simply the inorvement
in capital expendituras,

Not all undertakings drew up their balance sheets at the same
time. - Companies usually drew them up at the end of Docember. English
local emnthorities usually drew them up at the end of March, and Scottish
local suthorities at the end of May. There were a few excoptions to these
rules, - 1 have not attenpted to correct for this, New plant was usually
installed in ithe sumer, and thus I have taken the gross investment of all
~undertakings 'Jand put it in the nearest calender year, This would cause
my capital expenditure series to lead the true series alightly,

Additions to capacity Table 16.
The same procedure was adopted as for capital expenditure

exoept that no allowance was made for years bafore supply began.
Tho aggregate estimated capacity in the more uncertain group as
a po:;oontage of the total estimated capacity wos

1896 15 1905 5¢8
9 7.9 06 Tk
9B 15 07 13
99 645 08 Te3
0l 6.8 1910 Tel
02 8.7 11 6.8

03 9.5 12 6.3
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Sors check can be made on these fipures Ly d-ta in the 1907
and 1912 Censuses of Production. However the census figures are not
unambimous as tramvay powor housos belonging to muniocipalities are
@oupod togotuer with municipal eleotxicity eupply. Also thore is reeson
to suapsot that the Lots Road power station of tho Underground Eleotrio
Railways of London is included emong company eleotricity supply. My
estinates of ths capacity of British central stations are 96C3481 KY 4in
1907 and 1,4C5,774 KV 4n 1912, The Census gives 1,020,312 KW 4n 21907,
tut I estimate that 72,848 K¥ was in mundoipel tramvay power houaes and
44,C00 KW was at Lots Rood, Deoduoting these two amounts leavea 903,464 KW,
Yy esticate 4s 1065 of this figres In 1912 the Cencus gives 1,481,275 KW,
I eatimate 109,345 K7 wos in municipel tramvey power houses and 44,000 KW
was at Lots Rocd. Deducting this leaves 1,327,930 KV, Iy eatlmate is
again 106% of this.,

|» | ’
%3on of generation 2nd sales of eloctricity by electrioity
supply undertakinco. _Table 22,

I have used figures published in Garke's Xaruole These ocontain
data rolating to most undertnkings, excopt the power ocmpaniess The
sales figures (in K'h) in Garke's Manual have alroody bocn adled upe  Bub
the mothod used 1o unsatisfactory. Firatly the figures aro given for the
y&nr in which the Lonual appeorcd, although the accounts rofer to an ®
earlier yoar. Secondly scmo accounts of eane companies for aoine years
are missings Those omissions lesd to undereatimation of totals. Thimdly e

a emell point, ~ the ianual covera all ocaupaniea registered in Dritain,

’
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Electricity sold in South Amorica end India appears to be included.

Garke's information on the power companies is very defioient.
NeE.S. Co. is excluded aftor 1905, although it is vory important, Other
power campanies are also excluded., The power companies' figures are not
centrally collecteds Neithor the Electricity Council nor the Central
Electricity Generating Board have any knowledge of them.1 However
NeBeSe Co. figures have been obtained from the North Eastern Electricity
Boarde For other power companies estimates have been made from figures
of connections to mains given in the Flectrical Trade Directory plus data
of KWh 8013 p.a. per KW connsctions, derived from N,E.S. Co., data. Also
odd figures have been found in the Electrical Trades Directory and in snnual
reports of the power campanies. The figures for the power companies are
rather shaky, but checks with the 1907 and 1912 Censuses suggest small
margins of errors Estimdtion 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
are 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.
A8 when most undertakings began, electricity was largely sold for lighting,
the bulk of units sold were in the winter. Also when most undertakings
begsn accounting years ended in Decembor (even in the case of local suthority
supply)e Thus it wes felt that on the average the sales in the year when
supply began would on the whole be half those in the mext year. A randmm
sample of 20 undertakings, where sales in the year when supply began are
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 yoar was calculated. The avorage value of this statistic for the
sample was 0,504, with a varionce of 2,108, Thus missing seles figures
for the first year of supply were eatimated at half the sales of the
second year.

In Column 5 of Table 22 sales figures have been connected te an
annual basis. The local authority figures for years ending in March and
May both showed strong linesr trends.

As the 1907 Census gives figurec of generation, but incomplete
figures of sales, generation figures were collected, estimated and agrregated.
There were many more gaps in generation figures. An attempt wac made to
estimate miﬁsing; fipures for the whole population by taking random samples
at three yecarly intervals, and estimating internediate points graphically.
However the varisnoce of thls statistic was very high, and thus it would not
have been an efficient estimator, It was found that the statistio mich
more constant for en individusl undertaking over a range of six years oB 80.
Thus where it was available for nearly years it was used to caloulate units
generated from units solds When the statistic for the individual
undertaking was not evailable the statistio from the rasmdom samples was used,

The checks with the Censuses of 1907 and 1912 are difficult
| 1
" because of the peculiarities of tho Census data. But for 1907 the adjusted

Census generation totel is 1165 in KWh. Ny estimate is 1102nm. KWh, the

difference being only 6/ For 1912 the adjusted Census figure is 1861m. KWh,
My estimate is 2181m., Kih, But the Census o: that year was incomplete. /' %,
However, the fact that uy estimate 43 13,0 greater than the Cergus may

le. See PLI3 for reasons for adjustment of census total,
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indicate greater inaccuracy in my estimation towards the end of the pesriod
because of the greater importance of the power companies,
Bstimates of traction sales were done by grophical éxtrapolation

end interpolation. As most figures ware already given, and estimates

were made easy by the fect that most tramways ceaused 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 eatimates
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 customsr, This was often

. availeble for undertakings in the days when electricity wes only used for
lighting., Ths varlance of this statistic when calculated 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 mixturo of graphical interpolation and the latter statistic were used.

As the average reverue varied for units sold for different purposes changes

in average rovenue were helpful. But the whole method was rather
impressionistic, especially for the early years of a company's power sales.
Data on power sales often appears from one to three years after such sales
begin, Again the power compenies were the most troublesome. Considerable
trouble was taken over N.,E.S. Co. which accounts for a very large share of sales
&f electriocity for powers For the others it was assumed that the Olgvolmd
& Durham, tho Clyde Valley, the Lancashire, the South Walef and the Yorkshire
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 egainst the non power sales of the former five.

The methods used for estimating sales for povier are orude.
Unfortunately estimates are a considerable proportion of total sales for
power. In 1307 estimates made up 43% of the totals Yet although crude
1t is not likely thet better results could be achieved, except perhaps with
an excesaive i.nint of resources.

In the years 1912 = 13 power sales are more diffioult to eatima\to
than earlier. My sum of .mdivigual estimates for 1913 cams out at 911-. KWh.
This seems too low and I have rather arbitrarily increased it to 1,000m. KWh.

The only check we can make én the estimates of sales for verious
uses is with the 1907 Consus. This is done belows . At first sight the

\
“

differencos secia enormous,

My estimate . 1907 Census figures ...

. / Lo m-
* Units generated ' 1101, 9 . " ].l|~32 ol
Uﬂitl sold TR total 956.0 10570 0
" " lighting ll-lsu 0 357.1
"  <¢raction 218.9 2.4 ) incomplete.
" " power 32101 - - 240,11

nof separately distinguished 7.3

The main difference 1ies in sales for traction. But it ia fairly
simple to explain. In the census Municipal tramways generating tho_ir om
current are included in municipal supply, although compeny tramveys generating
their om supply are shown as users generating their own current. Although

the Census gives no figures of generation in minicipel tremvay power houses,
it 18 poscible to estimate the amount from Carke's Mamuel, Such trams used

/
/
y

U8,7m. KWh in the relevant time period. The Board of Trade Returns
relating to tramways shows tiet runicipal trasweys used 32,8 m, Kfh, If
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Ui3.7 wan oun gensiatod ourrent, parchaces from ublic supply stations was
176elm. Kily  Clpery tromiays puchascd 49.0u.7%h, and the N.E. Railway
Jurchssod 1p.Bae Kh.’
176ed ¢ 49:0 + 9.5 & 23h,6m. X'h.

Shis 23.6as Kb 4 7. sbovae my aatimate of sales for troction. The
dditorencs 18 partly us £o the dnpossibility of camplotely reconodling
Government figires freu dlfferent aources. Por ex#mple thes Cenous shows
trumvey coupaniod using 1Ch.lu. Tth and the Poard of Trads returns show thea
using I07.1m. Khe However 4t 12 also dus to the duperfeat maihods of
estication I havo usede 4s poinied out in Table  18.4m. K¥h used for
tractlon cannot be allocated Petueen om generction and purcheses.
| Yot thero 1o ©tlll o big dilference belween 42,4w. Kvh mims

700, Ih = 2%.Cu. K°h and the 23%.0n. Xfh calculated above, The
aiiforunce of 6C¢0 Gecus to be accounted for by poculliarities in sales to
raileny compardes which suggosta thot tho Lots Roed power station of the
Undorground Llectrio Ralluays of londen Lid. was included es & jublio supply
oumpanyy althowghh 1% only 65ld currsnt to ite subcidionry end affiliated
undeygreund radlvays (Disirict, Daker Street & ¥aterloo, Piocadilly and
Charing Cross and Buston}s In ihe Censua railway caponles ars oﬁtored
as tuying 110,93, ke  Only the M.i. Radlvsy (excopting tho ebove tube
18nes) Bought 3% for traction. 110.9 - 11n81 o %6.ln. &he  This 48 a
Vor,:/ high £izure for stotion 1iyhiing eto. and 4u alao inconsistent with
otacs flgwess The Coadus glves a Ligure of 17%.4a. Xih. for generation
by railway cospanicee It is imcanplete and prodadly ought to be inoreased
0 176.0 m.  If wo allow 15 losses {the uaual figure) and edd purchases we

1. N.E. Rallwey bought .82, altogether = only 9.5 was for traction.
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have 260,9m. 5Wh for uss. The Board of Trade Returns for electric railways
give their use of elsctricity as 213.7m. KWh. 260.9 = 213.7 gives only
kfs2m. KWh for station lighting railway workshops etc.

There are no figures 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 ths amount used by the N.E. Railway plus
estimates of tis mt used by the Lanocashire & Yorkshire Rallway the
Mersey Railway and the Liverpool Overhead we gét approximately 175m. KWh,

The rest was used by the London . Underpground Railways. Those of them

buying curreni from Lgte Road carried 48, of the total passengers. If they
used 48, of the total current used they used 84m. KWh. Lots Roed had a
capaoity ot 44,000 K¥, If the maximun demand was 35,000 KW a:’tho load faotor
was 304 generation would be 92m. KWhe Thus purchases of 84u. are reasonable.

This sug; ests that of the 110.9m. KWh s0ld %o railways 84m. + 1h.8n.
was for electric traction and 12.1m for non electric railways for station lighte
ing, reilway workshops -etc. Also it suggests that 47:2 « 12.1 = 35.1 m.KWh
was generated by steam railways for station lighting and railway workshops,

This is finally confirmed by the fact that the Census states that
railway companies used 194.7a. KWh for traction. The N.E. Railway,
the only one buying electricity for traction fram public supply station,
used only 9e5m. KWh. Thus railway comnanies must have gensrated (154..7 « 9.5)
» 185.2 m.KWh (after losses) for traction themselves, Thus some these units

must be entered in the Census as purcheses from outside. These can only have

|

come from the Lots Road power station. /

This more than accounts for the lost 44.7me KWhe But the census
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breakdown of sales was inoumplete.
Tha bast chock on those figures soems to bo comczii'iwm
of generation in the Censua by deducting generation in municipal tramwey
powor houses, anl at Lots Rosd and to counere tho result with my £ijures
of gonoration, which coze from the same source as ny figures of sales,
Thus from 14321 deduct 45T (to allow for usuel lossos) and 92,
The result 15 1105m. Kh. It 4is consistant with my figure of 1102m. K¥h.
Once the traction difference is explained it 4is clear that the
census figures for prwer and lighting may aimply be less then ny figures
becauss they are inccmplete. Thus they tend to support, but! do not check
my estimatos, One moro figurc is evailable, Mining ond mamufacturing
bought 283,3m. K'h 4n 1907, Railpy companies alzo bought at least 12,1
¢ 503 (N.5. Railuay) in K¥h a 17.4a K'h £orinai.treotion parposess Sows
of this 300.7m. or wore units wes for lichting but moat wes for power,
Also in fJO far'm they boucht elecirloity from locel authorities the
figure 18 not comparsble with powor sales by utilitiss, es the looal p
suthérity year endod on 31 lorch 1906, |
Lighting sales are a totd¥Mea doss anles for power and treotion,

Tho uan of glaec:

Docsuse mich olectricity was generated by the mining and
panufocturing sector, the nmount of elcotricity used can enly be estizmated
for 1907 and 1912, Unfortunately the Census figures are incompleta,
levertheless rouch ectimates of the quantity of electrioity uved are possible.
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In 1907 returns were made of elevtricity generated by mining and
manufacturing companies, But they relate to generation by only 685 of the
capecity of dynamos used. I have assumed that the dynamos for which returns
were not made gensrated es much 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 bettsr method, and it seems
better than aimply ignoring 32/% of the dynamo capacity in existence.

On this basis industry generated 1035m. KWh. Assuming losses of 6% (central
stations themselves used sbout 6,5 of the electricity they generated)

isolated installations would use a smaller proportion, but there would be
soms distribution losses), 973m. KWh. were used, Most of this was for
powers | |

In 1912 no figures of generation are available, In the absence
of informa/ttion for a more sophisticated calculation I have multiplied
973m. KWh by djnamos installed in 1912/dynamos installed in 1907
= 973 x 112 'w 1880. In 1907 non electric railway companies sesem to have
used 35m.519£$h for station lighting, railway wofkahops etc. which they .
generated themselves, In 1912 no data is given on thia, Let us aimply
double the 1907 figure and assume they used 70m. KWh which they generated
themselves.

The traction figures come from Table 52, Public supply figures
from fablo 2.

‘These figures relate to the calendar year in the case of all

/

companies, end to the nearest finanolal year in the case of local suthorities.
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Gross_Investment on Electric Tromays - Table 35.

Figures of capital expenditure on tramways are given ennually
in the Boerd of Trade returns relating to tramways. As depreciation
provision was normally in the form of einking funds, increments of capital
expenditure are very good estimates of gross investment. Unfortunately
many new electric tramvays obtainod their powers under the Light Railways
Aot and not the Tramway Act. The undertakings operating under the former
Aot were not included in the Tramvay Returns until 1903.

Thus capital expenditure before the end of 1903 was estimated on
" the basis of the miles of electric tramway open. This is given for most
but unfortunately not all years in tho Electrical Trades Directorys There
are no figures for 1896, 1898, 1901 and 1902, Before 1893 the figures

are generally poor. DBetween the end of 1397 and the end of 1903, 1874
miles of electric tramway were built while capital expenditure rose by

£31 » 32 million. Thus each route mile cost approximately £23,000, This
is consistant with a cost of _.C28 2437 por route mile for track btuilt detween
1903 and 1909, From the £23,000 per mile and the mileage the following
groass investment series emerges. | |

£m, £m,
Up to end of 1893 53 1398 & 9 be23
189 oll 1900 7.0
1895 e 1901, 02, O3 20435
18696 & 7 58

Up to 19C0 the gross invesiment of each calendar year wos then allocated
" by graphical interpolation of the miseing capital expenditure figures,
For 1901, (2 & 03 each year has been allocated one third of the cepital
expenditure in the threc year period. There Ih no information which one
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would use to improve this,

After 1903 the figures come stralgint from the figures of cepital
exponditure, PFor the minioipalities the accounts run generally from
March to March, for the companies from December to Decembor. No allowanoce
hes been mede for thiss  Local euthority investment has been put in the
nearest calendar year.

The use of electricity for traction = Table 52e

1. Electric Tramways.
The total amount of electricity used by tramways is given by the

Board of Trade Returns relating to Tramways end Lipht Rellvays, The amount

purchased from public supply station wgs teken from my esilmates. The
amount generated in tramvay power houses was taken to be the remainder,
A cheék made in 1907 shows that this cannot be quite correct; for an

independent estimate (made from figures in Garke's Manual and the 1907

Census of Production ) of the electricity used which was generated by the

tramweys themselves, when added to my cstimats of the amount bought from
publisc supply stations leaves 18.4m. KWh unaccounted for,

2+ Eloctric Railways,

The Boord of Trade Returns relating to Electric Rallways gives
the amount of electricity they used from 1905 onwards. Only two sleotrio
railways bought electricity from public supply stations, the N.E. Railway
and the London, Brighton & South Coast Railways Sales to the N.B.R. are
givon in the N.E.S. Co. nistorical statistics, OSalea to the L,B. & 3.C.R,

have been estimated graphically from the data relating to the London Electrio
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Supply Corporation in Garke's Manual.

Not a1l the electricity used by tramways and electric railways
was for traction, but most of it was. In 1907 elactric railways used

213.7m« Kh (Board of Trade Returns), and 1%4.7 (91 of t1is) (Census of
Production) was used for traction. I i:ave included under traction all

eleotricity used by electric tramways and electric railways.

London Transport possengers - Table 5le

Buses,
Statistics are only available for the two principal companies,

the London General Omnibus Co. and the Londan Road Car Cos The first

Report of the London Traffic Brench of the Board of Tradas (B,P,P, 1908 Vole 93)
thought that buJ pussengers in 1907 totalled about 500 million, as against 364 m
million by the two major companics.

! ) '
Other local railways.
North London, East London, Hammersmith and City & Whitechapel

& Bow Railways,

Surburban_traffic on main linc railways.

In October 1907 a census wes taken of passengers booking tickebs
to Lopdon at all stat:l.ons' within a 30 miles radius of Charing Cross. I
have multiplied this fipure by 24 to get an estimate of suburban journeys
to and from the contre of Londons In October 1911 a similar consus was
taken, and ihe same procedure used to get a 1911 esiimate of suburban jJourneys.
For 1903 an estimate was made es followa: Flve camponles, the Great Beaatern,
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the Great Northern, the London & S. Western, the S.E. & Chathem and the
London, Brighton & S. Coast, lost 34 milllon passengers p.a. betwcen 1903
end 1507, & fall of 9.7/5s As receipts foll by only l.7;o the reduction was
in suburban passengers. Long distance traffic was said to have risen
slightly. A1l the £all of 34 million was assumed to be a fall in suburbsn
passengers and a similar fall wes assumed in the suburban traffio of the
Great Western, the Gresat Cantral and the Midland « i.e. 2 millions., 1903
suburban traffic was then simply estimated at 44 + 36 = 180 millions.

| All ithese figures exclude season ticket holders. For 1907 only,
figures are aveilable for journeys to London which include thems If I had
included them the estimete of suburban passengers for that year would have
been 171 millions « 19 more than 14 millions,.

A checlk in the estimates of suburban passengeras from information
coli;cted by the Royal Commission on London Transporte They tabulate the
hours of arrival end departure of passengers at main lins station on an
averaéa weelkdny in 1903 (B.P.P. 1906 Vol. 66 PP 658 = 9) If we asoume
long distance traffic follows a regular curve and that all midday traffio
is long distance, we can calculate the traffic in the morning end evening
peaks, This siould provide a minimum estimate of suburban passengers.

The resulting figure is 150 million pea.

| A check on the mumber of season ticket holders is provided by
the Royal Coumission's table (B.P.P. 1905 Vol. 30 PP 608 £f) showing
arriving at and leaving main linc stations in 1903. 2C6 million were on
ordinary tickets, 104 million on scason tickets. Comparing this result
with 1907 a big fall off in scason ticket holders is shown, indicating thet
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18 was particularly the commters who switched to the trams. Thus the
fall in suburben traffio between 1903 and 1907 may have bsen considerably
more than 36 millions.

Motor power in mining end manufecturing - Table She
What is required is the proportion of power applied to tools eto.

by eleotric motors. There is a considerable amount of data relating to
power in the 1907, 1912 and 1924 Censuses of Produotion. Unfortunately
they glve different types of information. The 1307 Census gives incomplete
information of the amount of electricity used; the incomplete 1912 census
(1t 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
fa;toriea.

First a ratio was derived of dynamos: motors driven by
electricity gensrated 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 electro’ysi.s and thus tne non=ferrous metals
group was eliminated. For all other groups the ratio was 1.225 4n 1912 and
0.884 in 1924. This is consistant with a smaller proportion of electricity
generated bsing u;ed for lighting. A ratio for 1907 wes found by taking
the p.a. difference between the ratio in 1907 and 1912 end extrapoleting it
backwards (giving a result of 1.367)c This was used to estimate the motorl/

on own generated electricity in 1907 (565,000 hep.) The Elegtrical Trades
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Dircctory gave an estimate of motor power (excluding traction conneoted
t6 public supply mains for 1907 and 1912, That for 1912 is 99,4% of the
Census total. But the 1912 Census was ;,'c?omplete. Thus the motor
connections figure for 1907 was taken as a good estimate, as it was hoped
that gaps in the E.T.D., fipures would be compensated for by making no
deduction for non=ferrous metal.

For 1912 and 192 the Census figures giving the heps of motors on
om generated and purchased electricity were useds Total eleotric 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/ dynamo effioiency as do the compilers
of the ccnsua) was deducted, It was essumed that mechanical transmission
losses oqualled diversity, (because tools eto. were not used all the time
tho engine power required could be less than the aggregate power of all tools).

The method 1s inevitably crude. One check is provided by the
1935 Consus which gives figures of the power equipment of industry in 192
For motor power in mining and menufacturing exocluding non=ferrous metals

they are |
Power applied Power spplied Total power
electrically &% of mochanically
000 _h. D total 000 hep, 000_h,pe
6110 4945 6216 12327
75 of my
6stimate
for 192, 85 87.5 86.3

L ey e mmae ]

Thus the figures in Table 54 may ba generally overestimated, but the
percentage of electrification figure differs by a negligible amount.
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I have used the figures given in the 1924 Census throughout. The
1907 Census gives slightly different figures for 1907, For individual
census groups (given in Table 93 ) the difficulties of manipulating the
1907 Census figures 1o greater, as the ratlo of dynamos: motors run from
ovn generated electricity varies from group to group, and we do not know
how the motor connections given in the E.T.D,should be allocated among
groups, |

The figure for mofors run from own generated eleotricity was
obtained for each group by extrapolating baclwards the pea. difforence
between the 1912 end 192l ratios of dynamos: motors run from own
generated electricity.

The figure for motors run on elactricity purchased from outside
was derived by taking the statistic KVh p.a. purchascd/Total power of
motors drivon by purchased elestricity. This was then multiplied by
an index nunbsr of stalistic K¥h pe2. gencrated/power of motors driven by
on generatod electricity for each group. (The average KFh pea ¢ generated/
power motors driven by own generated electricity = 100.) The emount of
eleMricity purchesed by each industriol group was then divided by the
appropriate resultsnt figuree This 15 not a very good method, but perhaps

suffices,

Croas output of electrical machinory, = Table 72

An attempt has been made to prepare a time series of the gross

output of eleotrical machinery. Electrical machinery is here defined as
1

generators, motors, connecters, transformers, switchgear, and arc lamps,

1. Arc laups ars included for convenicnce. They wore nearly all bought
by minicipalities operating central stations and factories using

electric nowora.
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¥uch electrical machinery was sold to electrical utilities (central stations,
electric trams, electric railwuys.) Although £or most of these utilities
fairly good gross investment figuros can be obtnined, there is mich less
information about the amount spent on various pieces of equipment;
Nevertheless for the three major groups of utilitiss (eleciricity supply,
electric tramways and the London underground railways) this was done.

Central stations often gava figures of capital expsnditure
on various items.1 Random samples were toaken for each year. The
| percentage in the various categories 1s remarkably constant over the
period 1896 = 1913.2 lost electrlieal machinery comes under the hesding
"plant & machinery", vut would comprise only part of this category.

The Board of Trade Returns relating to Tramreys & light railways .
give from 1903 onwards expenditure on the electrical equimment of the line
and on tramcers. Tenders for iramcers show that 4245 of the cost of a
tramcar wgs its motor equipment. The percentage of capital expenditure
on electrical equipment varies in tho yoars 1903 =« 1914, but shows a
declining tronds This trend was crudoly extrapolated backwards into the
13908, lach of the expenditure on eclecotricel equipment was on cable and
overhead wires. It was assuned that one third of the expenditure on
eleotrical equipment ﬁas on electrical machinery. This 45 a crude assumptione

For the London underground the situation is worses Only for the
Waterloo & City Line are there published figures of the purchase of electrical
le Land and Buildings, Plant and Xachinery, Instruments, Mains, meters,

miscellansous, including legal charges.
2 | See Table 27.

A}



equipment, This was 1L) of fotal capilal expenditure by the time the line
was opened., It was assumed that this porcentage applied to other lines.

A much smaller proportion of expenditure on elactrical equirment was 4n
osbles compered with the trams. It wos crudely assumed that 3/4 of
expenditure on electrical equipment was on machinery.

The three sots of fipures thus obtained were sumned and an allowance
of an extra 20, made for purchases by utilities out of revecrme., The only
major utility not included was main line rallways. However thoy only
. became important purchasers of electrical mechinery jJust befors 1914, It is
unlikely that the N.E.R. and the L. & Y. Railway spent more than £0,25m.

- each on elecirical machinery for their 1903 « 4 eleatrification schemes.

The series was campared with the gross output figure for eleotrical

machinery plus arc lamps in the 19C7 Census of Productiop after the export

balance (exports minus imports) had been dcducted. 'The remeinder, which
was rather surprisingly high was largely sales to factories for factory
eloctrification, both motors for factories buying electricity from pablic
suprly stations and dynamos and motors for factories generating their own
electric pover. 1907 scems to ﬁave been a rather isolated yesar of high
investmont in factory electrification. This is shown in the Electrician's
series of connections to eleciricity sunply mins.1 and in my figures of the
increments of sales of electricity for power from pudblio supply stations,
This figure of sales to non-=utility hémo buyers for 1907 was used
together with an index for the use of eleotrioclty for power, and a price
index, to derive figrues of sales of plant to non utilities for other years,

1. Used by C.HJNFeinstein for his figures of purchases of eleotrical
equipment, C.H.!['einstein Home ond Foreipn Invostment unpublished

Caibridge Ph.D. thesis, PP 97«99 and Economic Journal, Vol. 71 P 372.

Jama 1Q41.
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The use of electricity for po.er index was sim:ly the increments in the
sales of electricity for power by public supply stations, (See this
eppendix P 492 ). The prico index used wos calculated from figures of
the cost of KW of new central stations, (Sec Table 28, appendix to
Chapter 3.) As the p-reentages of capital exponditure for various parts
of the supply systom did noi change over the poriod it sas assumed that
it could beuwsed for electrical machinery.

The whole'series of sales of clectrical machinery at home is
very drude. lowever it does showx long run tironds reasonably. It does
not seem to be very good in the years 1910 « 1914 The Parsons (h:n'mittec1
gave a figure for the gross output of all the clectrical trades Just before
1914, This was double fhe 1907 figure. Howover we know that thore wos
& great increave in tie volumo of output fram 1911 « 1914, Iny figures
exclude main line railway elecirification, which was important in those
years, My estimates of the sale of electricity for power are probably
deficiént ai:ter 1911. Ly price index probably overcsiimutes the fall in
prices after 1909 - 10 as central station costs fell then partly' becsuse of
~economies ofﬁscala, which did not exist in factory electrification plant.

| But before 1910 the serics does not seem too bad.

_§!lares f the Centre) Stntion Morket. = Table 80,

The Zlectrics) Trodas Directory gave detalls of the generating

plant of most central stations. Dy comparing detedls of adjocent years |
’ /
it is usually possidble to soc who thse iakers of now dynsmos installed wore,

1. Report on the Electrical Trcdes after the War, Cd. 9072,
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wont to 8o this even If thore wers no Laazs in the duta.
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As figures of copucity wore yiven and capncity oi mechinos bought from
indivicunl menufacturcrs were usuall; (Aven all mesgarenta are in K.
Usually the eize and usker of new gen.vators ic easy o dotormine.
Sanotiuce howover sevaral new pusor:iors wers instnlled ord only the
Sgpragate copesicy vt bo ealculatel.  Vheon the muaber of machines
supplied to é/;zob maker 48 available the aggre;nte odded capacily bas been
ellocated to cach mcker proporticnatoly to the nurber of mechines he provided,
Scametimes 4t 15 lupusaiblo to Luow the malor of now plante There are also
eozo internal inconsistencics in the fizures, owing largely 4t seems ¢o
differcnt usasures of capacity of the saza machinos.

Generators whica cannot be allocated to Sndividual sokers ss &
pervantoge of all gancrators \maea. |

Up to end of 1892 52 Uptoend of 290, O
20 10 % 0
b 3 06 24
5 8 o G 1
V6 23 @ o
97 &0 co S
a3 27 Wl 8

R 6 13 B8
1900 21 12 26
0 3 33 26
2 0
03

Table 80 ds thus linsblo to consideravle errarse But having gone through

the changes in vlant from year to year for osch ¢sontral station, cne 4a

lof't with theo strong impreaulon that in f2¢i the errvrs are quite caall 4f

wo taks geveral yoars togother. Ve camnot place very auch relisnce on

/

ths fig:rau of aurket sinens for any di?(}n o Bal Howovea one would not <

i
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Some plant was scrapped. No perfect allowance can bo made for

thias, altho\-xgh the errors introduced by imporfections hers must be very
small,

Total capacity add=d by all new generators derived in this way is
given velow, it cen be checked wiih my estimates (Table16 ) of capaoity
edded = which cuie .row a dillerent scurce. Although the correspondence
between the two is not vegy good fraa year to year over a few years the
two give siiilar resulis.

Iy KW
893 Sed52 190, 118,031
Oh 15,342 05 57,706
9 12,473 06 76,237
56 22,635 07 71,265
57 12,972 08 76,680
98 32,410 09 60,401
29 59,104 1910 61,571
1500  88,3C5 11 65,600
01 128,022 12 95,929
2 77,753 5 139,008
03 109,583

Gross Investment in Fixed Capitoal in the 2l-etrieal Indust;z_..
= Isble 91. Column 3o

According to tie Census of Production of that year factories
had 609,654 K& of dynamos insiallede  This has been miltiplied by
the salos of electricity for power from public utilities (in index form
1907 = 100) to give sowo idea of cupoecity In other years, The incremeng
in capacity has been found und multiplicd by the cost per KW of power

/
4

stations (Table 26 x 0.546 = the average wroportion of capital expenditure
spent on tho power station.) It 1o thus assumed that the smaller amount
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of construotional work involved in the generating plant in a factory is
offset by the higher cost per KW of
The resultant series s very crude,

the smaller plant installed in factories,

79 8120 of Generators, Teble 21,
As for Table 80 except that only figures whers the sise
of the generator is precisely known are inoluded,
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TECHNICAL APPENDIX

l. Generation of electricity.

A dynamo produces electrical energy by passing a conductor

through a magnetic field. As the conductor passes through the field
| 1
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).

As the conductor rotates in the magnetic field alternately positive and
negative voltages are produced. The volta;e is collected from the
rotating conductor by slip rings. The voltage fluctuates in a wave

like way (a sine curve). This is shown in the next diagram.

|

1, See J.A. Fleming. 50 years o Electricity, FP 113 = 5, the theory of the
dynamo.
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Tho useful voltage deve}oped by an alternator is the root mean
8quare of the instantaneous voltoge over a complete cycles. The frequency
of a.0. 18 measured in x camplete cycles per accond (written as n- .)o

A dic. generator consists of a whole series of conductors.
Togother they are known as the sxmature. Each conductor _(amaturo coil)
is comected to two segments of a commtator. The commtator consists of
wedge shaped copper bars, insulated frou ezch other, set longitz;\di'nally
along a drum.‘ Ageinst opposite sides of the commtetor are umz brushes
which collect successive waves of voltage from each coil as it passes
through the magnetic field, These waves of vollage approximate to a
constant positive flow, a3 is shown in the followiny diagram,

A
2

-

Because the brushes are constantly meking and bresking contect with the
bars of the cummtator, a certain auount of sparking will ocour., This
sperking makes the generation of high voltage dirficulte Dece generators
provide current for their oma (eicctro) magnetic f£ields (self excitation),
Alternators, however, cannot do this, and an exciter (a deCs generntor)

is needed to generate ‘cwrent for the field coila.’

1. Abid, PP 109 - 10,

2, at least = au even nuaber is necessary.

3¢ JeA. Fleming, op.,cits P 121 = 6, the theory of alternators,
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Arc lighting dynamos woero designed to pmoduce a constant current

(measured in anps).  Other dynamos were designed to produce a constant
1

pressure (measured in volts,)

The first slternators were single phause.2 A polyphase alternator
Froduces two or more currents which reach peaks at different times (1.e.
are out of phase)e A two phase alternator 15 wound with two sets of coih;
the second set usually being 90° behind the first. Thus two sine waves

of voltage are produced, one lagging slightly behind the other.

A three phase alternator has threc sets of armature coils set at 120°
difference from each other. This produces three sine waves of voltage,

1. Power, i.e. rats of doing work, conventionally measured in K.V, = Volts
' | X oanple
2+ 7This is not strictly true. Gramse made somo polyphase alternators

in the vory early days. (P.8.) But they were used as single phase
machines,



2 Transmission snd Distribution,
A given power (K.W.) can be transmitted either at a hich voltage

and small current or at a low voltage and high current. Cunductors were
usﬁally copper (aluminium was used at the end of the period for some
purposes), and the cross sectioned aros of copper required to convey a
given power is inversely proportionate to the squaro of the voltage.
High véltage m2ains are more expensive to insulate, but it is olear that
there ars grezt potential econcuiles in transmitting at high voltages.
Blectrical appliences may be’connected up to distribution mains
either in series or parsllels Arc lamps worked botier whan connected in

1
serdes, The matter is vest illustrated in the following diagram,

. S =° ?

| Ree Iam)x
g srsrnl 0

Swalt
) 0 0 0——0

le This and the next diagram come from H.C. Pasaer, op,cit, P 81,

o1y
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The voltnge on such a circuit 1s edditive, If each lamp takes 45 v.

and there are 9 lamps the generator must provids a voltage of 9 x-45 = A05v.
Each extra lamp raises the voltage roquired. All lamps are switched on

. and off together,

A perallel circuit is illustrated belows

|
The voltage 4s constant throughout. Each applisnce is seperately
- e-ntrolleds The currcnt the gencrator mist provide depends on the
‘total resistence (power of appliances) in the circuit..‘
These ¢ircuits apuly both to d.c. and single phase a.c.
2 phase a.c. roquired 4 wires, two for each phase. 3 phase a.o. required
~ three wires, one for each phase. No roturn wire is roquiredias positive
and negative electro motive forces cancel out when all phascl.gm toaken

together,

3» The use of electricity.

Most electrical devices work at a constant voltage. Arc lamps
however require a constant currents The resistance presented by an arvg
lamp to an electrical current is inversely proportionate to the ourrent,
This can lead to unstable operation. If for exampls, the aro light

1. Ohm's Lsw.
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resistance should happen to decroase slightly (beceuse an 1mpe.rfect
carbon feed mechaniam reduced the length of the axc), the current would
increase, the resistance would decrease, end so forths Hence the need
for a special dynamo which kept the current ts'l:emliy..1 Incandescent lamps
on the other hend required a carefully regulated voltage. Samall
flactuations, 1.6, more than ebout 4 = could cause the filament to bresk
* or only glow red.

lotors are the inverse of gensrators, converting electriocal
into mechanical energy. A de.c. motor xeceives a steady flow of
ocurrent whioh gives it a high torque (twisting movement)s The weak
point is the commtator. Spariking can occur which makes high voltage
operation very difficult. There are three types of a.c. motor, the
commutator type, the synchronous type and the induction typss The
canutator type is a modified d.c. motor, but has poorer torque, and
dower horse power for a given weipght than a d.c. motors DBoth the field
coils and the armature of synchronous motors require current, and thus
they necd slip rings. Although they thus avoid a commtator the
_ synchronous motor (when used on a single phase circuit) had poor torques
| They were not .easy to start end if theyb got out of phase with the generator
thsy stooneds Polyphase current produces two or three magnetioc fields
rapidly following each others This provides steadier power. In the
induotion motor.the armature is simply wound with collas but no ourrent
is fed to thems Induction motors were particularly suitable for polyphase
power, The conjoint effect of the m;:cessivo magnetic fields produced

a rotating magnetic field, which acted on the rotor (the axmature) to

produce a turning motion.
1. H.C. Passer, on.cit. P 13
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Althourh singla phase induction motors are now made, before 191k

b o 4 “—'\' ‘\;“ o
phiSeée

induction motors were nearly alwoys

sonous or commtator tm motors were used.
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The evidence for thla thesis has como very largely from writings
which were primerily concern:d with general matters of engineering. To
& considerable extent evidence ebout the economics of the industry has to
be collected from odd cmnts.

The principnl cocntemporary source is periodicals. There were a
large mumber of technical journals which concerned themselves with
electrical enginesring. After locking at them I camo to the oomluéion
that the best sources were the Dllectricsl Revicw and the Electricisn,
Althouch thelr primary interast was applied 2lectrical science, they also
took an interest in coumercisl matters. Thoir comments are usually both
fedr and shrewd. This contrasts with soms other journals.

The Electrical Review end the Electrician have been particulerly
useful becsuse they contain the papers on matters connected with eleotricity
given to all the principal engineering socleties and the discussions on

these rapers. Hence rcfersnce to these papers are to the Electrical Review
1

and the Electricion rather than to the Proceedings of the relevent socioties,

Because relevant material is difficult to find I have ready every
- {ssue of the Elsctrical Review from 1877 (when it was the Telegraphic Jowrnal)

to 1914. I have also extensively used the Electricizn, especially for
campany reports and reports of ccmpany meetings, Important evidence has
cowe from records or companies, and the published and unpublished works
listed bolow. Howover, ono of the most useful sources, the general run of
commentos in the technical press cannot be convenlontly listed. |

1. The only exception is the Ironsactions of the North East Coast
Institution of Engineers & Shipbuilders.




519

Papginceringe Historiss

Bett, W.,H, ond Gillhame Great Brit!sh Tramway Networks, 3rd Edition
London 1957

Cansdale, J.Ho Flectric Traction Jubilee, B.T-H. Cos 1946.

Clothiir, H.W, Suiten-ear Starces, Keweastle«upon~Tynes 1933,

Fleming, JoAe 50 years of FBlecirieily, Iondon 1921,

' Hunter, P.Ve snd Hazel J.T. The Davelormant of Power Cebles, London 1956,

Kapper, Ce The Colden Ace of Trrnoavs, London 19Gl. (Containa a good
bibliography of the histories of particular trazways)

MacLaren,M. The Rlse of the Electriccl Indust | the 19th Cen
Princeton 193,

Pursons, R.He Ilie Early é:ys of the Pover Station Tplustry, Cambridge 1939.
Sherrington, CeEeRe 100 yeors of inisrn-l dronsport, London 19%ke

Contemporary enrincering

de Bocakae ‘ |
Croumpton, Rel.Be The Blcotric 1isht for indusirinl pursoses. 1880,
wlicetion, London 1879,

Electrical 1i-ht in 3is pra

Higise Pe

ctical a~
Parsons, CeAs The Stcam Turbine, Cambridge 1911.

Pring, JNe Some electro tccheicrl centres, Manchester 1908.

Siemens, A. & Hopkinsons Irensmissisn of pover by electricity, London 1883,

Siemens, C.We She Rlecirical trennmlssion anl storaze of pewor, London 1884,
emeeeed  Colloction of pavers ond Aisenssions , Fd. R.P, Bamber, London 1689,

Stahl, Cede Sloctrical strest 1ichting, New York 1929,

Yordingham, Cele  Contral Blectric Stations, London. 1901.



520

2e MiCIOSQ
Addenbrooke, Gel. 'Valus of overnsad mains’, E,R. Vol. 56 P 333 = 5.

—____, 'The public supply of power', L.R. Vol. 6l PP 236 = 7, 278, 325 « 6.

Aldrich, W.S. ‘Requircments of clectricity in mamufacturing works!,
E.Rs Voles 49 2 61, = 5, 550 = 2,
Anderson, Eeve 'Noios on elcciric cranest, 2.R. Vol. 39 PP 478 - 81,

Bigpe, D.Selbys ‘Notes on modern proctice in clectric power work and recemt
developments on the North East Coast®, E.R, Vol. 41 P 845.

Boot, H.L.Ps 'Street lighting', E.R. Vol. 39 PP 371 = 7.

Byng, G« 'On ithe manufacture of lamps and other apparatus for 200ve ocircuits®
E.RO VOlo lth 2710

Carpenter, W. Lant. 'On tho posiiion erd rrospects of electric lighting
in the letropolis, Zlect. Vol. 22 PP 2i8 » 9.

Clivehugh, S.W. ‘'Tronsmission of power in factories by eleotricity,
E:Rv Vol- ‘I'o 2 759'

Crompton, R.E.Be ‘'3Blectrically operated Pactories', Elect.31 July 1896.

'The most economical mods of {ecding & lav pressure network!
Elects Vol. 27, 22 lay 1891.

'Ceniral station supply =~ accumlators v. ttansformers, E.R,

, "The cost of electrical ancryy', Dleat. Vol. 34 PP 32, « 6,
Crowloy, J. 'Spced variation in textile machinery', E.R. Vole 71 P 454
Dawson, Ps 'Railway Bleotrification', E.R. Vol. 64, PP 204 = 6, 275 @ 7»
*Slectric traction in Eurcpo', E.R, Vol. 36 PP 3 « 5, |

SO
'Meochanical power on our tramrays', E.R, Vol. 36, PP 350 = 1,
'London %o Brighton ia 45 minutes', B,R.  Vol. 69 P 1006,
, 'Elscirification of a portion of the suburbten s ter;x of the

London, Brighton and South Coost Railway, E.Re Vol. 68, P 495.

'Electric traction and its application to suburban and metropolitan

railways®, E.R, Vols &4 k¥ 528 = 9.



521

Eborall, A.Cs¢ ‘Multiphase induction motors' E.R. Vol. 40. P 437
' enmeame? | POlyphase work in 1903', E,R. Vol. 52 FP 213 = &4, 251 ff.

Bsson, W,B, ‘Transmission of power to long distances by alternating
curronts of eleotricity', E,R. Vol. 40 FP 474 = 6, 508 = 10,

43 = S

Plening, J.Ae 'A.C. transformers’, E,R. Vol. 31 PP 693 « 6, 742 = 6
15 = 9, 806 = 10, o » T2 = O

w—————ee? 'The efficiency of glow lamps', Elect, 7 September 189,

Geipel, W, ‘'Electric power end its application on the three phase system
to the Bristol Vaggon and Carriage Works.' EsR, Vol. 43 FP 427 = 9.

, 'Electric power in British works', E.R, Vol. 48 FP 340 = 2.

Greathead, J.H. ond Fox, Fo ‘The Liverpool Overhead Railway', Elect, 2b
31 August 189%%.

Hobart, H.l. 'The contimuous current system end the single phass for
traction', E.Re Vol. 5&-3 PP 693 -, 5' 765 - 70

——aees 'Reilway Electrification', E.R. Vol 67, FP 234 = 9.

’ 'The rating and cost of steem electric generating atations’,
Eo!!o VOI- 6"-’ P 781 - 2. 821 - 3' 859 - o.

Hoplcinson, E«  'Electric Railways', E.R, Vol. 33 PP 24} = §

Hopieinson, J« Report to Leeds Corporation on the proposed tremways.
E.R. Vol. 38, PP 68 « 70.

Howell, J.C. ‘'Uses of accumulators®, E.R.  Vol. 36 FP 660 « }

Kershaw, J.B.Cs ‘Electricity in relation to the Chemical and Lstallurgiocal
industries', Elect. Vol. 38 PP 277, 337, 385 = 6, 4)5 = 6, 501 « 2,
605 « 6: 692 = 3, 1 -8, 466

Lewes, V.Bs ‘A century of work in the develomeanit of light from ocal gas'
| E,R, Vol. 31 FP 252 = 3. . |

Matthews, P.S.A. 'Lancashire mills end elsctric driving', E,R, Vol. 63
PP 551 £f.

Mers, C.H. and Mclollan, W. ‘'Po7or otation design', E4R, Vol. 54 PP 803 = 5,
847 = 9, 889 - 91, 930 - 2, %69 - 71

Yountain, W.C. 'Dosign and efficlency of plant for the transmission of
power by electricity'. Iransactions of the North Eost Coast

Inotitution of Engincers and Shipbuilders, Vole 11, FP 113 « 32,



522

Parker, Ts 'The electrical equipnent of the Liverpool Overhead Railway',
Eloct. 2 liarch 189,

‘Relative advantages of different kinds of power for tramways,
1iht reilvways and motor car traffic, both heavy and ught' E.R,
Vol. 44 FP 998 «~ 999

Parshall, H.F. ‘'Economical transmission and distribution of eloctrioity
for a distance', E.R.  Vol. 44 P 1CL, . .

Parsons, C.Ae 'The application of the steam turbine to the wornng of
dynamos and alternators', E,R, Vol. 4O P 796,

Pearce, S.Ls 'Power in the llanchester district'. +R, Vol, 63 FP 546 = 9
Preece, V. 'Electric 1ight in the City', 1eg§ 18 April 1895 |

Rmorth, J.gl:. 'Generation of electrical energy for tramways' » E,R. Yol. &0,
PP 649 = 52 '

Reckenseum,A. ‘lLoad diaprams of electrie railways end the cost of electrioc
© traotion'. EleCto Vol. 28' 8 aid 15 April

L}

Siemens, A. 'Tmnsmission of power by oleotrioity' E.R._ Vol. 43, PP 406 - 8

Sloan, R.P. ‘'Development of the uses of electricity’, Trsmsactiong of the
North East Coest Institution of Engineers and Shipbuﬂdeu. Vode 4%

PP 35 = 72
Snell, A.B.6* *Distribution of power by a.0. motors' E,R, Vols 33
PP 635 = 7

Snan. J.P.C. 'The application of electiricity to industrial purposes®
Transactions of the North East Coast Institution of Bngineers and

Squire, W.V. *Dock equipment, incluaing the relative advanteges of eleotric
and hydraulio appliances', E.R, Vol. 61 FP 113 = &

Sparks, C.Pe  ‘'Modern applications of electricity to mines, E.R, Vol. 61
P 128.

N
Storie, GsBe 'Steam turbine driving in textile mills, E.R. Vol. 66 P 617

Taylor, Hofe ‘'Central Station Cconomies, their study and what it promises
4n the way of cheaper supply's E.R, Vol. 60 PP 610 = 3§

Watson, J.S. 'A modern power atation and its development', Transactions
of the North East Coast Institution of Enginsers and shipbu 0

Vol. 36 PP 10-96 £t.



523

Webber, ‘MNotes on the electric lighting of London', E.R, Vols 34, FP 191 = 5.

Wilkinson, G» 'Scms notes on steam turboeelectric generating plants.'
E'RS v010 53 PP 691 l.-

lmiam;i, §: éz{. S'Eleotrio.t’cy in the hosiery mamifacturing trade! E,R, Vol. 55

Wordinghan, G.H.6 'The distribution of electrical energy’, B.R, Vol Akl
PP 735 =

wees ‘'on the necessity for uniformity of plant and apperatus’, E,R,
Vol. 202 PP 8% - 6

Wyld, ¥, ‘'Polyphase equipment of factories', E.R, Vol. 49, FP 429 - 30

Economics and Economic History
1, BOOkB. etac.

Astworth, W. An Economic History of Ensland 1370 = 1939, London 1960
Bright, A.A. Junre The Eleciric Iamp Indusiry, New York 1949

. 21 yesrs, BJE.AJA, 1911 - 32, London 1933
Burn, DeL. An Economic History of Steclmalcing 1867 = 1939, Cambridge 1340.

Cadxnoross, A.K. Home ond Foreirn Investment 1870 = 1913 Ceabridge 1953
Chantler, P. The British Gas Indusiry, Manchoster 1938 | \

Clapham, J.H. fin Economic History of Modern Pritain, Cembridge 1939 « 51

Edwards, R.S. and Townsend, He Businens Enterprisc, London 1958
Peinstoin, C.H, [Home and Foreirn Investment, Cembridge PhD. thesis 1959

Pau]lmer, H.U, Amcrican Bconomie History, 7th Edition, New York 1954.

Could, J.lie Output and Productivity in the Electric and Gas Utilities
1899 = 1942, New York 1946

Grossfield, K« The Intorcction of Scientific, Technical and Economig Fagtors
in_the Ceble Industity, London M.So. thesis 195




52l

Halevy, B« A History of the ®nj14sh peop 10 in the ninoteenth century
Bann paperback, London 1961

Hoffmarp, W. (trann. We0s Henderson and W.H. Chulorer) British Industry
1700 « 1950 Oxford 1955 |

Jeffreys, J. Trends in Business Oppanisation since 1856, London PhD.

Jewkes, J. Sawers, D. Stillerman, R« The Sources of Invention, London 1958
p .

liefmann, R, Cartels, Concerns ond Trusts, London 1932 °

Lovy, He lionosoly and Competition, London 1911

Industrisl Germony, Cembridge 1935

.—-—--...

» lonopolies, Cartels and Trusts in British Industry, London 1927

Macrosty, HoW. The Trust llovement in British I,dustry, London 1907

Parkinson, J.Rs The Economics of Shipbuilding, Cambridge 1960

Passer, H.C. The Flectrical Marufacturers 1875 = 1900, Cambridge,
Massachusetts, 1953. (contains an excellent bibliography, largely
complementary to this one) .

Robertson, D,H, A Study of Industrial Fluctuation, London 1915

Sekon, G.As Locomotion in Victorian London, Oxford 1955
Shadwell, A, Industrinl Efficiency, London 1920

Sherrington, C.E.R. Economics of Roil Transport in Great Britain. London
1928.

 Thomas, B, lirration end Economic Growth, Cambridge 1954 -
UMOh. L.F. and Brech, EsPoLe The H’&kiﬂ“ of SciantiSE Iﬁqnaﬁemegi

London 1946 = 8.

Whyte, A.Ge The Electrical Industry, London 1904,
2, Articles
A.Gells 'Is foreipn competition overrated?® E.R. Vol, 6 PP 1026 « 7.

Crouch, L. ‘Electrical develorment in industrial areas’, E,R, 70, PP 75 = §,
17 - 9



525

Evans, G,H. Junr. fA century of entreprencurship in the United States®
Explorations in Intreprensurial History, 1957

‘Poinstein, CH.  "Income and investment 4in the United Kinglom, 1856 = 191A'
EoJ! Vol. 71. rp 367 - 85

Gadsby, C.H. 'Profits on Tramway Undertakings®, EsRe Vol. 47 PP 78 = T,
Garke, E, *'Blectrical supply', Article in the 1lth Edition of the

Encyclopedia sritannica

Gibbins, A.H. "lanicipal contracts! s 2eRe Vole 33 PP 149-50.
Grindle, G. Annesley, "The City end South London Rallway', E,R, Vol. 31,

PP m d 20
'xnoo:. V. 'The Economic effect of the Iramways Act of 1870, E,J, Vol. 11
PP 4,92 « 510 ,

Leonard, H, Ward, ‘*Notes on Elecirical Engineering in England and Franoce,
Elec&'. Vol. ’ P 602 - ],

Lepine, L.J. ond Stelling, A.R, *Notes on methods and practios in the
German electrical industry', E.R. Vol. 65. PP 998 - 9, 1031gy 4,
1 l’- - 5.
Lewis, J.P, 'Indies of house building in the Manchester corurbation,

South Wales end Great Britain', Scottish Journal of Political

Econon » VO]-. 8

"Menufacturer”, 'Tho proposed electrical league and criticlisn from a
manufacturers point of viow', E.R. Vol. 63 PP 566 = 7.

Merz, C.H, 'Powor supply anl its effects on the industries of the North
East Coast.' EoR: Vol. 65. P 68"-

Mordey, W.lls 'Same camparison of the electrical Mati'y in this country |
and abroad', E.R. Vol. 63, PP 618 « 20.

Salter, J.Re 'Tramwuy Economics', E.R2, Vol. 67, PP § = 8
Taylor, A.Je  'Labour preducitivity ond technological innovation in the

British coal indusiry 1850 = 1914°'. Economic History Review
2nd series, Vols YV, No, 1

Weber, B. 'A new index of residential construction and long oycles 4n

Great Britain, 1838 = 1940', Scottish Tournal of Political Economy

Vol. 2.



526

Parliamentary Papers

1. Reports eto.

Report of the Select Committee on Lyghting by Bleotrioityp with procendings
and_evidence. B.P.P. 1878 « 9, Vol. 11.

Roport from the Select Comuittee on the Electric Lighting Billy with the
Proceedings ond Bvidence. B.P.P. 1882, Vol. 10,

Beport from the Select Comdttce of the House of Lords on the Electric
Lighting Act (1882) Amnendment Billsy with the Proceedings, Evidence
éﬂd Amendixo BQPQLP. 1886 VOlo 70

Report by lajor lMarindin on the various applications for Provisional Orders
and Licences under the Electric Lighting Acts 4in respect of the
Mﬁtrcmmo B.PoPs 1889 Vol. 700

Report from the Joint Committec on the Eleoiric and Cable Railways (Metropolis)s
with the Proceedings, Evidence and Appendix., B.P.Ps 1892, Vol. 12

Report from the Joint Select Coumittee of the House of lords and the House
of Comnons in Electrical inergy; with the Procesiings, Evidence and
Appendix, B.P.P. 1898. Vol. 9.

Report from the Joint Select Committece on London Underground Railways, with
the Procecdings, Evidence end Anuendix. B.PoPe 1901, Vol. 6.

Procecdinrs bofore a Select Comnittes of the House of Commons on the Cleveland
end Durhan Electric Power Bill 1901.

Proceedines beforc the Comittes of the House of Comuons on the Northumberland
Pover Bill. 19C2.

Report on Wholesalo end Retail Prices in the U.K. in 1902, with comparative
statistical tables for a series of years, B.P.P, 1903, Vol. 68.

Report of the Royal Caunission appointed to inquire into and report upon
the means of Locomotion and Transport in London, B,P.Ps 1905, Vols 30..
Evidence etc. B.P.P. 1906, Vols. 40 = 46

Proceedings before the Comidttees of the House of Lords and the House of
Commons on the Administrative County of London end Distriot
Electric Power Bill 190C5.

Roport of the Tariff Commission on the Engineering Industries 1907
Census of Production 1977, B.E.P. 1910, Vol. 109 and 1912 « 13. Vol. 109.



527

Interim roport of the Conal Conscrvation sub-coniittes of the Roconstmctlon

Comdgce on Electric Power supply in Great Britain, B,P,P, 1917 = 18,
Yol. o

Report of a Comxittes appointed to consider the question of Electric Power
&;pply, BzP.P.19lB, Vol. 8

Ministiry of Reconstructlon Advisory Council., Report of the Comnittee of
Chairmen on Eleciric ?ower supply, B.P.P, 1919 Vol. 29

Beport of the Committee appointed to consider the position of the
Enginsoriny Trade after the war, B.P.P. 1918, Vol. 13.

Report of the Engineering (New Industries) Committee of the Ministry of
Reconstruction, B.P,P. 1918, Vol. 8.

Report by the Standing Com.ittee on the investigation of prices of Electrie
*  Lamps, B.P.P, 1920, Vol. 23.

Comuittee on Industry and Trade (Balfowr Committee) Survey of Metal Industries
1928, |

Proceedinps, before the Select Committee of the House of Commons on the
North Eastern Electiric Supply Act. Session 1931 « 2

2¢ | Armual

Report by the Board of Trade respecting applications to, and proceedings of
the Board of Trade under the Electric Lighting Act.

Reports by the Board of Trade respecting Street and Road Tramways

Reports to the Doard of Trade relating to rallways

Returns relating to all euthorized gas undertakings in the United Kingdom

" Returns of the Board of Trode relating to Electrio Railways

Reports of the London Traffic Branch of the Board of Trade ¢ iy ‘e ol .8

Annual A’Bst.r;ct of Trade

The pricing of electricit
Little, I.1LD. Tho Price of Fuel. Oxford 1953 i

Baker, C.As 'The influence of tariffa on electricity supply’, E,R, Vol. 50
PP 458 « 9, 534 = 5



Bowden, J.He end Tait,F. 'Equitable charging for the supply of energy by
municipal elecirical undertakings', X.R. Vol. 59, P 323

‘Chamen, W.A. ‘'lsthods of charging for electricity supply', E.R, Vol. 48,
P 1128

Cooper, W.R. 'Domestio Electricity supoly tariffs*, E,R, Vol. 63, P 963

Gibbins, A.He 'Tho varicus wethols ol charging the public for electricity
from a central station', E.R. Vol. 35. PP % =7, 125 =7, 157 = 9.

lopkinson, Je  'The cost of electricity supply*, Elect. Vol. 30, PP 29 « 32
W VW, Lackie, ‘Tariffs for electrical energy's I.R. Vol. 70, PP 522 =« 5

Long, Felle 'The gooking loed from the suprly point of view', E,R, Vol. 70,
! PP 103 -

Perry, HsHe 'A two rate tariff system without time operated control®
E.Re Vol. 750 P 821

Pringle, P.J. '"The resiricted hour system of power suprly, EsR. Vol 67,
) 35‘# 60 305 £,

Russell, S.A. 'Electric power suprly tariffs', E.R, Vol. G4, P 157
SeabrOOk, Adile 'Residence tarilfs', E.R. Vol. 70' P 129 - 32

Segundo, Ed. C.de 'Tha cost oi private electrio light', E,R, Vol. 33,
: FP 613 = L

Toppin, W.A. 'The present tendency of charging for electricity®, E;R, Vol. 60
FP S45 = 7 .

Wilson, R.P. ‘'Methods of charging for electricity supply', Elect. Vol. 38,
FP 695 = 7 .

iri-nt, Az *The cost of electricity supply®, B.Rs Vol. 38 FP 808 = 12,

- P’ 8";;The profitable extension of electrio supply atation!, B.R. Vol. 40

x“m, AB. ‘hquitable charges for tramway aupply' E,R, Vols 66 PP 193 =



529

Public Utility Policy
Ballin, HH. The Orpanisation of Electricity Su in Great B

London 196
Darwin, Ls Junlcipsl Ownershin, London 1907

Finer, Ho unicionl Trading, London 1941
Gordon, L, The Public Cormoration in Grest Britain, Londen 1938

James, E«Je The Relntion of the Modern Munieipaldty %o the Gas Supply

Now York, 1836

Loski, H.J., Jennings, W.I. and Robson, Wed. (Bds) A Century of Municipel
Progress, London 1935

Robson, WeAs The Coverrment end Missovernment of London, London 1939

Self, Sir H. and Watson, E.M, Flectricity Surply in Great Britain, London
1952,

Aoworth, W.lle ‘Rectification of municipal t‘rorltiera', E,J, Vol. 8 PP 45 = 60

\

Biocrarhiss of peconle
Crompton, R.E.B. Reminiscences, London 1928

Johnson, Jell. and Bendall, W.L. Colonel Crompton, (Soience in Britain
pamphlet) London 1945

Yournier d'Albe, C.E. Life of Sir W. Crookes, London 1923

Ferranti, G.Z. de and Ince, R, The 1ifc and letters of S.7, de Fe t
London 1934

Dailey, P« The Life ond Vork of S.7%. de Ferranti 1864 « 1930. lanchester 1931
Mather, L.E. (Ed.) Sir W, Mcthor, London 1925 ?

Maxim, B.S. Yy ILife London, 1915

Werz, C.Hs Driveto Notes (unpublished)
Appleyard, R. Cherles Farsons. London 1933

Parsans, R.H, The Steam Murbine and othzr inventions of Sir Charles PM.
0.M  (Science in Britain pamphlet) London 4945




530

Burstell, A. 'The nlece of Sir Chorles Parsons in the history of
mechani¢al engineering®, Henton Yorks Journal, Summer 1954

Richardson, J. W ig)wm, Vemoirs, Glasgow, 1911

Pole; W, Life of Sir ¥. Siemens, London 1888

Siemsns, Wernor,. (translated W. Coupland) Personal Recollections,
London 1393

Swan, M.E. & K.Re J.W. Sven = o memoir, Landon 1929

Ewing, A«C.  An Fnainears Outlook, London 1933

The Electrical Trodes Divectnry contains biographical notes on a wide
range of important men in the industry

Blosraphies of firns

1. Books
XBook. J.W. A brief history of the Electrical Power Stornss Co.
unpubliched tyeseript in the I.U.l. Librarye Bel=ile R ne

privateln published 1946.
Brookes, Ce Johnson and Phillips, London 1950
Box, C.E. Liverpool Overhsad Railwey 1893 = 1956, London 1959

Castner«Kellner Alkali Co. ‘Fiftuears of propress, I.C.le mo

Crompton Parkinson Ltd. The Pattern of Prosress

Dummelow, Je 18399 « 19,9, Nanchester 1949

Henderson, P.B, Thg Dovclorzent of statubory powars rolating to Electricity
Supply on the North Bast Coaste Unpublished dissertation at o

Carlicl Housc, lcwcastle=upcn=Tyne.

Mather & Platt Ltd. 5 years of Electrical Ensincering lanchester 1957
Lascelles, T.S. The City ond South London Rnilway, Lingfield 1955

London Transport, London Genera} The story of the London Bus, London 1956

Rowland, Jo Progress in Power, London 1960

Soott, J.Ds Siemens Brothers 1898 - 1958, London 1953



L <
1]
-

2, Jownals etc.

B,T=-ll, pemphlets, London 1897 - 1905
British Veutinghouse Gazettas

Brush Dud;ot

Em Aish Electric Journel

Ferrontd Journal

Henton Works Journal

ilistorical exrchives consulted
British Thomson « Houston Coe. Ltde

Brush Eleotrical [I:-ineering Co.

Central Electricity Gotioraiing Board
Crampton Parkinson Ltd. {for Crampton & Co.)
Electric Construction Co. Ltd.

English Electric Co. Ltde (for Willans and Robinson and Phoenix Dynsmo
Mamifacturing Coe)

Perranti Ltd.

‘General Electric Co. Lid.

Mather & Platt Lid.

London Electricity Board

Yetropolitan Vickers £lecirical Co. (far British \'{eatinghom )

~

North Eestern Electricity Board (for N.E.S. Col)
C.A. Parsons & Co. Ltd,

A, Reyrolle & Co. Lta.
Siemens Bros. & Co. Ltd.





