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mattere connected with the Liverpoel Electrie Suprly Undertaking, the
_ p = e 'y

Author proposes te glve a brief survey deseribing the evolution of

the Undertaking to the present day, and will endeavour %o explolin sone

of the principal changes made, and the effeect these echanges have had
on the TndertaXing. De will =ndeavour also to deal with sons

of the main Ffactors which govern the costs of producilon.

In the eariy part of the year 168% a Company called the
Liverpool Electrie Supply Co.Ltd, was formed to supply electrical
energy in a central portion of the ¢1ty, but the supply was not

'availéble until the July of ithat year,

Tﬁe supply wag commenced with a swmall gasz engine driving a .
dyﬁamo in Eberle Street, but in the same year a Station was erected
in Rose 8Street, which had a capacity of 1,000 = 80 Watt lanmps and
ran regulaerly until 1860, when the load was transferred to a newer
‘Stationin Harrington Street built in 1888,

The system of supply was direct cﬁrrent at a pregsure of
110 volts. :

Previous to the autumn of 1888 the suprly mains were all run
overhead, and at first pressure was only put on sach day at dusitg

With the advent of the Station in Harringlon Street, ihe lhours
ef ﬁuﬁply were lengthened until a 24 hours supply was mainiained in

1891,
Tri 1687 another Station was built in Tithebarn Sireet; =2nd in

the year 1888 the Company with the consent of the Corporaition chtained
a license from the Board of Trade to supply electrical crer:y in =
portion of the City, and use undergzround Maing

In 1889 a Provisioral Crder was obtained and in this vear the

Y

Tithebarn Street Station was extesnded, and adjacent premises in

Highfield Street were acquired,
In 139C the Cldham Place Station was constructed,
In 1892 a Provisiornal Crder was obddined for a 1:

cf the City, and aleo the district of Toxteth Perk,

)
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_district was built at Iark Lane.

The Plant at the_earlier Stations %as of various types, but
gradually Willans and Robinson High‘Speed-en ines became the standard,
each generator being 150 K%, oapacity and arrarged to supply direct
current at a pressure of 110 volts. _

With the object of using the oopper in the maiﬁs to the hest

advantage, and at the same ulme to enable the existing stations to

.supply over ag. 1arge an area as possible,'a beginning was made, in

1890 to change to the three wire system, with a pressure of 280 volts

across the outers, and in’lSQV a further change to 460 volts across

the outers was decided upon.q“  f'_' These changes involved a great

amount of work, and took many years to complete,
Batteries were used at a_number of_the Stations, but as they

became too small for the increasing load they were gradually displaced.
In 1895 a larger'étatién'was built at Pa?adise Street, and the

earlier Station at Haffingtdh;street was Closeds ’

In the year 1896 the Corporation took over the Undertaking

_ from the Company, and the whole of the energy wes then supplied from

the four Geherating'3£ations Righfield Street, Parndise Street,
Oldham Place and Lark ‘Lane, the total capacity of plant being 4 , 000
Kilowatts.f" o |

When in 1897 the Tramway Undertaking was taken over bty the

‘Gorporation it waS'necessary to make further provision for the

increasing ﬁémandQ‘-"§wo new Stations were laid down. Pumpfields in
1899 and Lister Drive in 1500, y '

Theée twé'étationq were similar in design and were very much
larger than anything then in existence in leerpool.

In the Pumpfields Station there were 12 sets of Wlllwﬂ engines

coupled direct to direct current generators of 700 K.W. capacity each,

"y Eaéh set of plant ecould work either on the lighting or traction

 f;1b§dS;'-.: The sets were arranged in the engine room in two rows of

'fffgii;:fThe,crankshaft5~running parallel with the length of the engiﬁe _

“room.

A boiler house containing fourteen 30'0". x gt Lancashira

f;boilere and two economisers w1th a chimney in the centre ‘Was plqoed :
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at'each'side”of the engine;rbom. - Rach boiler'houqe wasg run ag
an independent unit, there being no qteam connection between the two_'
boiler houses. ' The coal was stored in bins overhead and £
was.cafried frém"the canal bank by means of an endless canvas belt.

Thefwatar from the Leeds and Liverpool Canal was used for gqndensiﬁg

Lister Drive Station was similar to. the Pumpfields Station as

" regards design and the type of plant used, but as there was no canal

at at Pumpfieids, cooling teowers were installed.fdr_cooling the
circulating water, and the.method of handling the-COai was varileds
It iS\intereStihg‘te'note that the last three generating sets
originaily installed in this station wé;e Willans engines.coupled to
three phase‘alternators each of 700 E W, capacitj,fgenérating altere
nating current at 6;900 volts at a p§riodieity of 50 per second.
- Théralternating current-was”taken to soﬁé.of the older

generating stations where motor generators of 500 Kilowatte and 200

‘Kilowatt capaclty wera installed.. The high tension cﬁrrent being
' delivered direct to the motor, the dynamo supplying direct current

- ruitable for either 1igh*ing or traction.

In 1903 ~ 1904 a second station was erected at Lister Drive,

This station saw the commencement of the use of turbines in

" connection with'the publie supply of‘eleetriéal energy in the.City.

The turbines ten in number are arranged on each Qide of the
engine house ané are of 2,000 K,¥i capacity each,
‘ There 1s a boiler house on each side of the turbine house, each

fitted with eight water tube bollers-capable of a normal svaporation

. of 22,000 1bs of steam per hour.

The completed stations No,l1 and No.2 comprised, therefore, 2
engiﬁe rooms and four boiler houses, Each boiler houss being run as
at Pumpfields asg an independent unit..

As this plant was installed the steam plant in the older

'rstations was gradually displaced, and further converting plant

added to replace it, and as the area covered by the supply extended
neﬁ_substations were added.

During the last three years the only stations containing steam.
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generating piant with the exception of the'Destrg¢tor Stations

‘were Lister Drive and Pumpfields.

In 1911 it was decided to displace the Willans and Robinson
sets in Lister Drive No.l station and replace them with turbine sets.
Two 2 000 K, Wa turbougenerators each driving 2 - 1,000 K%,
direect current ‘generators arranged in tandem and 2 - 3,500 K.W; and
2 - 6,000 KW, turbo alternators have been instalied.bv
In order to provide steam for this increased capacity it
wasvneeesSary to-feplaeg the - Laneaghire boilers;with_water tube
boiiers, and in order to get the»greatest_capacity of‘éteam; tﬁe»
boiler house has been recenstructad with a sttong flqor above the‘
boilers upon:which'are placed.the_@COaniserd,_one to each boller,
» At present six water tube bollers and economisers have been.
installed in the place of seven Lancashire boilers,
A start has been made téwards the reconstruction of a second
section of seven Lancashire bollers.
It is interesting to note thet the steaming capacity of each
section as reconstructed is approximately three times what it wae

before;_ '~ This increase has enable® very much larger generating

units to be installed, w;thAthe_result that when the scheme 1is

completed the capacity_ef No,1 Station will be 35,000 Eilowatts as
compéredgwith a capacity of 8,400 Filowatts as‘originally laid down,
| . In order to improve the efficinnby and minimise the number of
standby boilars,'a steam,pipé has recently been connected between
the recanstruetéd boiler house in No,l station and the adjacent
boiler house i@ No.2 Statien.,  This alteration hes proved
extremely useful and very conslderable sconomy has fesulted.

"4n extension of this principle will be carried out in the near

future, by cbnnecting the two steam ranges at the opposite end mR® te

the preéent connection thus forming a comp}éte ring. It is intended
also te caonnect the twoksteaﬁ,ranges in Nos2 Statien.

» ' 'itdvaﬁtage has:begn takeh;in the reconstruction of providing
overhead coal bunkers_épd complete coal handling plant, |

' The reconstruction‘of the boiler house necessitated taking down

-the foundations &f the old building 14'Q" and 1lifting the foof 17'0“.
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The coal is brought te the Wbrks by rail, and the Wagons
conveying the coal for the reconstructed portion are run over two
hydraulic reme, which have heavy:yokes fitted to the end of the_rams.
The'ﬁcécn is 1lifted bodily, and as ome ram has double the'verﬁicél
movement of the other the truck is lifted endwise, and the cosl is

dumpéa into a hopper below the rails from ‘whence it gravitates‘to a

.coal conveyor which transfers it to the overhead bunkers .

The conveying plant can deal with the coal at the rate of one

l_iton per minute, and the overhead coal bunkeres have a storage capacity

'¥of 650 tons,

The ccdling towers are arranged at the end of the turbine

: -houses, and reeently a system of pipes has been 1a1d which enables

the whole of the towers ccnnected with the No.,l and No.E stations
to be coupled together. . '

These towers are of different makes, the latest type. being

" made imn cyllndricalcform of iron plates, The_ground space occupled

'fqr the work done being-leSB than with other types in use,

As more modern and efflcient plant has been installed at Lister
Drive, the older plant at Pumpfields has been used less and 1essa

The output frpm the Pumpfields station had reduced from
9,780, 000 units in 1907 te 2,800,000 in 1913,

With the reduced output the costs of producticn per unit had
risen very materiallys :_ " The station cculd_no@ be shut
down entirely as the electrical pressure could not;befméintained'
without its B |

In order to enable the steam plant to be. shut down for a great

‘portion of the year, three retary converters have been installed of

.1_506 E,W. capacity“éach and four of the ‘engine éets have been

diSplacei to make room for them.
. The energy for the rotariee is supplied frcm Iister Drive.

aince this alteraticn.has been completed no steam plant has

_been used at Pumpfielde, but the steam plant is always available, and

it 1e intended as occasion arises to use this station to help at

times of psak load in the wirter;

The rotary converters are more ecchcﬁical than the moter
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ﬁ generators fitted in the~other substations, and.coneequentiy'the

losses in distribution will be less.

. DESTRUCTOR STATIONS.

The Health Committee of the Corporetion poEEess a number of
Refuse Deetructors, and at five of these centres advantage hae been
taken of the steam available to generate elsctricity,

The Bollers and Bulldings are provided by the Health Committee'
and steam is supplied to therTramways andiEleotric Power & iighting'
committee, who find tne generating plant which consists of high speed
engines connected to direct'current dynamos. . -

In dll oases except Chartere Street motor generators are
'provlded as a standby in case there should be a lack of steam when

the load would have to be provided for from Lister Drive,
About 6,000, 000 units were generated last yeer from these

five Stations.

MAINS,

The low tensions nains both for 11ghtingrend_traction.supply
ere sinéle bitite"insuleted:eeeles with the exeeption of the m2lns
eystem at Garston and Gateeere; where the mains are mostly triple
'fconoentric?peperIinsulated.' The majority Of’the maing are laid in
.Bltunentin iron trouéhe, but moredreoently earthenware troughs ere

oeing used in place of the iron troughs. R B
| 'Themhigh teneione mains”are'ali three core paper insuleted
1ead covered and armoured 1aid in iroem or earthenware troughs filled
in W1th bitumen or pitch. : . The low tension mains are
divided 1nto distriote, each district b-ing supplied 1ndependently
of one.another, but provision is made for coupling up one district
'with another in case of necesslty. | _ _ | |

' It s interestlng to note that some of these bitumen maing

:have been 1aid 28 years, and are today qulte sound and good.
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and impfovements_described

| may be gauged by a reference to the coste per unit shown 4p table

No;lvwhiehwgives the césts for various ltems for the year 1896 when

the Cbrpdfation purchased the Undertaking, and also for the year 1914,

1896, 1914,

Cost per Cost per

- ounlit. unit,

Coal. +B1 4223

" 0il, Waste, Water ste. 09 016

Wages. : - #0786

Repairs, +35 «055

Works Costs, 1.29 +370

Rents Rates & Taxes, .53 .156

¥anagement, 70 .02

Special Charges & Insurance. (30 0258
. e e S s v D

Total Costs, 2462 +636

Interest & Sinking Fund. 1.82 607

TABLE  ¥o.l.

) The coal has reduced during the péribd'from.;SId. per'uﬁit té
+£24 per unit in splte of the fact that during ﬁhe same period coal
has advanced abeut 4/edi pgr ton. et \ o
The Workse Costs have reduced from 1, 294 per unit to-57d. per.
unit, and the total costs including capital oharges from 4.44d to 1. 24d
per unita | .
i - is interesting to nete the proportien each item of cost
 bears to the whole, and also that the €apital Charges are nearly as
much asg all the'dther‘items'put.together‘ |
' ‘The table No.2 shows a compariéon of the maximum load
exclusive of Tramways, thé average price obtained.per unit, the load
\factor, ahd the number of 60 Wétt lampe connected to the sﬁfply in
. the years 1896 and 1914. | The Power loadrfqr the

sake of comparison'has_been convérted‘to the equivalent ih 60 Watt

Lamps .
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1898, 1914,
Meximum load in Kilowatts, - , 2%16 _ 15,000 .
Average priwe obtained perlﬁﬁagg _ 3%5gﬁ 1.5668d
Load Pactor. : ) an%; 25%
Equivalent in 60 Watt lamps connecteds | ©B,490 649,800
TABLE N o. 2.

‘Each Kllowatt of maximum load in 1898 provided for 26 = 60 T,
lampsvinstalled, whereas in 1914 each Kilowatt of maximum lighting
and power load provided for the equivalent of 43 « 80 Watt lamps
installed. - At the same time the average Capital

cost per EKilowatt of plant 1nstalled fell from £150 per Kilowatt in
180¢ to £67 per Kilowatt in 1914, |

The great improvement shown in the statistles glven has besn
brought about mainly,

Le By centralising the generation of eleotricity, and
installing more modern and efficient plant, and.
plant which costs lsgs per KJis than the plant
originally purchased,

2, The use of larger geherating unite, and boilers of
larger steaming capacitys

B The better load factors

It is very interesting to consider the tendeney there has been
tdwards higher speed of running of the generating sets since the
earlier electric supply stationg were lnstalled, and to note how the
higher apeed‘has affected the costs Qf produetion,

o In the earlier stations dynamos were driven by slow speed

englnes by means of ropes or belts, but when high speed engines
kbecame fe sible, the dynamo was coupled direct teo ihe enginﬂﬂku;
'withéz“ge;azgzggz%;gﬁzemy in floar'apaca.ﬁdﬂhwaégaﬂéﬂff'_

-The high Speed englne due to its r601procat1nr &ctlon had
v'limitations in regard to speed which were soon reached.

_ At first only comparatively small engines were used, which were
run at speedsvup to 500_or 600 revolutisnskper minuta. i 45 the -

necessity fof\larger sizés arose generating sets of 6OQ;K;W‘ wére run -
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at, obout'SOO'revolutioﬁs per minute, and'for sizes of 1 400 K’w.
"capacity the highest speed attained for central station use was

: about 200 revolutions per minute s

| High speed engines for driving dynamos have not been made in
: larger glzes than;the-last named, as any further inerease in the
gize involves a reduction in'speed oonSequently the so-éalled high
speed engine becomes 1ittle better than the slow speed engine.

With the ddvent of the steam turbdne with i1ts purely rotory
k motiohwuvery much higher.speedg could be attained than was possible
with the reciprocating engine,

This increased speed of running brought in new considerations
for the designers of the eloctrical portion of the generating sets,
but gradually many*of the difficulties have been surmounted, ‘and the
tendency today 1s still towards higher speeds. ‘It is quite
oustomary now in order to enable the_higher speeds to be utiiised
and to enable the material in the eloctrical portion of'the piant
to be used to the best advantage to foroe. air under pressure through
the dynamo to carry off the heat genorated.

- xn these high speed genorators very great care 1is takmn ‘in

the design to provide for adaquate ventilation. - Ducts are provided
nthrough the iron stampings both of the rotor and stator for the passage
of air, It 1s very desirable that theoe paseage ways should be
kept ciean in order that the efficiency of thofventilation may not be
impairod, or the temperature of the machine_would rise, and thd_safe
'output of the plant would decrease. | | '
N -It is customary to clean the air either by passing it through
dScréens made of cloth or through a very finely divided spray of waters
The lgtter:systdﬁ tends not only to cloan the alr, but also to reduce
'ité tomperdture; which is an advantage, as this céOling effoct tends
to incroase the safe capacity of the machine.

: In the early daye £15 per Kilowatt was considered a reasonable
-prico to pay for generating sets. At the present time turbo
generatora with condensing plant can be. bought under £3 per KW, for |

fairly large sizes..
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When_capital charges hear such a large. share of the whole
cost oflproduction.it is eaéy to see what a great effect the
tﬁrbine has had in helping to reduce costea,

The steam turbine has:&lsa enormously facllitated the uée of
large ggnerating units, The reclprocating engine er a
3,000 to 5,000 KW, plant became very bulky requiring a very
large ampunt of floor space, & large amount of labour to look
after 1£, and in case of repair liable to be out of commission
for a 1engthy_periodg
; Turbo generators are now belng madg in sizes up to 30,000 K%,
caﬁacity. |

The tendency in comnnection with the Liverpool supply it will
be noticed 1s all in the direction df centralisation,

In the early days when_only low pfessurb current was genefated
it was neceesary to place genérating'statiohs at differént poiits
to deal with the demand in the particular district on account of
the very heavy cost of ﬁhe mains required to transmit low pressure
. cufrcnt'over a long dlstance, _ As the load on each of
‘these stationg was comparatively small only small sized‘generators

éould be usedsy

‘When Lister Drive was equipped with alternating eurrent

Jmachlnes: 1t became possible to do away with the smaller
yemeesiniagy staitions, and owing to the centralisation of the
Smmemtlwy plant larger generating units were used which were
cheéper in firét cost and of greater efficlency, and'much more
economical in floor space. | '

‘In addition to thls the question of the delivery of coal te

the small stations was a difficulty. By the adoption of a
centralised scheme, economy was obtained in the delivery, handling
and éforaga'of\coal. |

AL Ldéter Dfive a@Raiiway siding_enables the coal to be bréugﬁt f

direct frow the colliery and delivered right into the bunkers, In
the case of the latest installation or boiler house plant already
~dpscribed the coal 1s not handled from the time it leaves the

Golliery until the’résidue in the form of ashes is dumped from
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- theTQnd of the.cﬁain gr&tg stoker, |

T To deal with the ashes it it Intended to instal a suction ash_?
plant. - The asheéfare conveyed through:pipes laid for the
~ purpose from the ash cellar to the ash hopper, and the

conveyance of the ashes is caused.by drawing a large volume
of;;ir'through the suctiop'pibes.

'ffhi§ plant consists of.an air puup capable of dealing with a
1a£é§;volume of air coupled to the 10" suction ﬁipes whicﬁ are
laid under the boilers, = The ashes first pass through a
'.crﬁgﬁé? which breaks them to a suitable s;ze; after which they
pa55.£hf0ugh an opening'intb'the 10" pipe, ' -The volume of
air.bé5£ing is sufficient.to-carry them to a réceiving hopper
above the roof where thay”ara stored, until they can be
6onv§nieatly diécharged into_railway truéks. . - At the
hsad of'@he receiving hoppér.there is a sgeriles ﬁf jets which
dischagge water in the form of a very fine spray, Which acts both
as a-sgreen to prevent.dusflpaSSing to the air pump, and also as
a means ®fi§oo1ing the aShes;_. '

A plant:gf'this descript;on is very convenient as it can
be used.aISQ to rémove'the flﬁg'dust from the boilers and
economisers. ' The ease with which thie waterial can be
removed should enable thé”ﬁbilere and economisers to be kept
much cleaner than under the;éider'system, and consequently

improved efficisncy should be'ohtained.
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The_LiVerpool_Undértaking_was inif&ated primarily in common
with other of the earlier stations to develop a lighting load, and
no one imagined in those early days that it would be possible to
supply energy £o cheaply as it can be obtained pgday.

The recconstruction and alterations tothe piant hsve been
‘responeible to a very large extent for the reduction in’the costs
of production and.the gensral improvement in thé.Undertaking.é

| There ir, however, amother item which has very materially
aff@cted the rssults; vizs; the impro¥ement in ithe load faetor;

Th@ load factor may be stated és the relétioﬁ_of actual unite
Produced w1th any given,maximﬁm load, to the pbssibi@ number of
unite that could be pradueéd,;if/the planp‘ran at thig maximum load
continuously throughout the year, .

‘,Léaﬂ factore o units x 100
| maxigum load x 8760(heurs in “year of 565
observed during aaye)
; year in Eilowatts, :

The Author will endeavour to show with th@ aid of some éurvaﬂ
how tha load faqtor affects the costs of preductien.

"Pigure 1, shows autypical daily curve fof pPivate  reeidence
lighting and a typical daily curve for office lighting for a day
in summer and a day in winter. ‘

’ It is well to remember that_iﬁ the early'dayé pf the Undertaking
the whole of the supply was taken b& consumers having a demand
sueh ag is shown in figure 1. The 1oad factor for a supply of
this nature would be about r per cent, whereas the 1oad factor of
the esystem today 1s about 25 per cent,

The.improvement has béen brought about by the use of.the«enefgy
’for purposes necessitating longer hours of use such as arc lamps
for street lighting, metors in factories, tramways, radiators etﬁ.

: - The .great difference between W cunmer and winter o is
very marked beth in the case of the private residence and of the
office lighting curveg but it will be noticed that the maximum load

for the private residence comee on at a later hour and that the lead
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remains,qn.iﬁﬁger than in the case of the'offﬁééQ
. It Will be appreciated that the two getS'bf curves shown
are typieal, and ﬂlso that in a 1arre ﬁpply Undertaking ‘there are

many 1i"hting consumers whose d@mand would vary matcrially from

»thoqa shown. Take for inatance the case of an undervround

baesment where the light.would be reQuired-most of the.day, and
posolbly late in the svening, and the case of a Railway Goods

Yard where there would be a moderate demand during the day, buf

' \where a 1arge portion of" the 1ights would be required throughout the .

The general tendency of the varied requiremeqts of individual

-*cbnsumers is to improve the load factor, and it 1s an 1 advantage

"tberefore to have connected to the supply as 1arge a variety of user

as possibls.

In certain cases the maximum demandSof individual consumerse

. D c@1n91de,but there are very many eases where the maximoum 1oads do

- net coincida. S If 1t were possibla to obtaln load eurves of

each conuumer connected to- the mains at any one time, it would be
found that the actual maximum 1oad registered at the station wculd
be very considerably less than tho aggregate of each consumers
maximume | - In confirmatien of this it may be stated that the

aetﬁal numbér of RKilowatts: eqnn&cted to. the mains in the form of

1ighting or powser is BS;SOQLﬁilbwatts, whereas the actual load on

the_station at any on§ timé'éﬁb'to this connected capacity i% onlf |

15 Q00 Kilowatts, This relation of the actual maximum load to

. the sum of the conqumors maxima 15 called the diversity faotor.

The idsal condition of supply would be that the maximum 1oad
should be continuous throughout the y@ar which weuld give 100 per
c&nt. load factor,;and.under'these oondltions the lowest eosts of
production WOuld_Béxgtﬁéined. . Unfortuhateiy such conditions
are not 6btainableJ§1tﬁdugh in@iv;dﬁal éonsumérg might attain ae
high a load faqtgr;aéiao per cent, -__Fof'ordinéry;Supp}y

Undertékings the'luad factbr would vary from about 12 péf”cént. to

30 per cent. but some of the Power Companies mlght exceed the higher

figur‘e .
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It will readlly be seen how great an effect the load factor

“hasg upon the costs when it ig appreclated that plant to provide

for the maximum-load has to be purqhased and Intergst and Sinking
Fund ehargee have teo be pald ﬁpon the Capitallsum expended
i#dspendenf éf the Quantity of units produced,

The Capital.chargea per unit; therefore, vary directly in

proportion to the load factors

_ It is; therefore, the alm of everyone in control of Supély
Uhdertakings £o improve the load factor on the Station, and with
thisﬁobjecf,in view.the poﬁer load has béen cultivated,

Curves shown in figure II represent dally load curves of
twe poWQr users at present coupled to the L1Verpocl supply mains,
It will be neticed that in both instances the supply is fairly
continuous, botthay and night with breaks for meal hours, The
load factor in these cases weuld be between 50% and 60% as allowsme
must be made for the supply being discontinued for a portion of
each,Saturday and the whole of Sunday, and alse for holidays,

Figure 111 BhOWS a comparison botween a power load ‘and a
lighting load; the lighting 1@ad_being mainly offiece lighting,

It will be noticed that in thé case of,tht poﬁer loadyfhe
variaﬁien between summer and winter demand is very small, but in
the’case\of the 1ighting load the variation is very marked.

Theﬁe curves show clearly why energy ean be produced cheaper
for tha power load than for the lighting load, owing to the load
factor being 80 much greater in thg case of the power user than
is the case with the lighting user, ) | -

There is an additional reason which affecots the production of |
power favourably as compared with a liphting load.. Lightlna 18 '
affected by dark waather, fogs,»thundershewers etcy which may antail

e sudden demand on the supply. Gonsequ@ntly bollers have always'

‘to be maintained.under steam, and men have to be in attondaneo to

' ‘meet any sudden emerpency whieh adds Very much to the cests of

preduction. _ Power on the other-hand is not affected in

the same way.' ,,’ In order to show the effect of the 1mprovad
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load facter a curve (Figufe 1v) has been made to compare the -
character of the lead eurve_1n~1895 with the present lead eurﬁa.
It will be observed that the peak Ioad in 1895 was 1850 Kilowatts
and the morning load at 11 a.me Was 450 KW, The peak load,
therefore, was four times the load at 1l a.m. B

Similarly for the 1914 curve the peak load mX was 24,000 K.W,
and the morning load at 1l a.ms 13,000 Kilowatts, In thie case
the peak load 1= léss than double the merning load, This showe
that the ch#racter of the load curve on the system has changed very
materiglly and that the plant was uged 1o much better advantage
in 1914 than in 1895,

Another 1tem of interest in connection with these curves iz a
comparison ofkths~output'rspresentad'by_the area of the summer
eurve rélativaly to the output represented by the area of the
winter curve for each ye#n?' ‘

- The. area of each curve hae been taken out and the result shows
that the area of th@ winter ecurve for. 1895 is five tlmes the .area
of the aazmnr curve for the same year, whereas the area of the
winter curve for 1914 is'only 1,7 times greater than the area.of
the summer curve in 1914,

This result shows that the plant neecessary to provide for.
the winter ioad is used much more during'the'summ@f ménthgﬁundar
existing conditions than it was during the earlier period,

In other worde whereas in 1895 fourwfifths of the plant was
not earning. revenuo durinﬁ the summer monthe this preportion has

‘been_redueed to less than half at the present time.,

If the chafaeter of the lead curve in 1914 had remained the
same'as;in 1895, and if the day load atﬁll.@‘glgck in the morning
hed risento the present figure, viz; 13,000 K,¥, in 1914 the
ﬁaximum load 1ns£ead of peing.24,ooe KiieWatts would have heen
approximately 52,000 K,¥. It would havc been.nqeessary to
purchase'plant to previde for the eXtra‘BSQOOOVK;ﬁ. and the
Capital expemditurc/wou;d be considerably over one million poundse

higher than it is todays It 1= certain, however, that
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had the_character of the_loadlcufvc remained ag in 1895
the outpct would hﬁvs becn~vcr§ much lees than it is today as
~ the prices charged for fhe'en@rgy would of necessity have been very
much higher than thcy ara; and~consequently-many coﬁsumcrs who have
aﬁailed themsélves of the supgly would have bBeen unable to dc 80
at thechigher prices per units
| It will be éeec, therefore, from the foregoing how important
it 1= to improve the load factors o
During the last two years over 8,000 H,P, 1in motore has been
édded to the system, and it 1s quite certain_that this large
increage iq the power load will héve a'marked effect or, the coats in
"the fﬁﬂurs‘ o
| The following results were achieved in another town mainly
owing to the 1&rge accession of power load and a congequent .

improvement in the load fac?or.

: decreased
The tctal costs including Capitul Gharges in 10 years from

. A
Sfﬁd per unit tc 1434 pcr unit, while the unite for power purposes
.increased from about half a million per annmum to 12 millions per ahnum
_whcreas the 1ight1ng unite only increased during the period to the
icxtent of three millions per annuim.. / _
During the period the averape price obtalned per unit decreased
from 4,2d per unit to 1.7d per unit, . Inm spitc of this large
;_rcduction the profitq increased very materially. ’ :
Such Pc"ults are very encouraging, and when it is appreciated |
.“that this process of reduction offcosts is still-progrcssing at a
"vcry"rapid rate one ig forced to think of tho elactrical poqsibilitics
before us in the future, /

Electricity ie being used today for g0 many purposes and will
”.in timc be used for many other purpones. B ' Cooking by
:electricity is maklng progress, ‘and 80 800R as the price of the eneryy
is. capablc of being rcduccd a little mora, thcre is= 1ittle doubt that
cooking by electricity will be used very extcnq1velj. ' Jhan

‘thic timc comes there w1ll be a very large increase in the demand,

and 1t is_anticlpatcd that this type_of 1Qad will tend te still;
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further improve the load factors

A vigorous effort is being made to secure a good power load,
and in:a number of cases an alternating current supply has béeh
ziven, instead of a direct.Cuffént Sprlj. ' In such cases the

igh tension mains at 6,000 volts are run into consumerg premises
and. the qupply 13 tranaform@d down,on the Consumers premises to
the presqure required for the motors, usually 400 volts hetween
phasqs,

The problem of supplyling low tension direct cyrrent to large
power users situated at a considerable distance from substatiéns
becomes difficult Qn.agcoﬁnﬂ of the very large amount of copper
necéssary in the‘maihs. " . The supply from the high tension mains_
simplifieé things'very ﬁéterially, and as th;'high tenSioh mains areé
in duplicate additional security is provided to the Consumer, .

The Author considers that many of the Power users in Liverpoel
are not sufficiently alive to the great advantages of olectric
driving,-althoughl;t-is gretifying to know that the demand for
power purpoges is increasing rapidly. -The advantégeé dlaimed
for electric driv1ng‘are not based alone on theory, but are. proved
from actual exparience to be facts,

In the 1aﬁge.Manufacturing towns in thq Country £h§'05ﬂ£p§1_ iQ
Electric Supply ié being used more and more, and the output from the? 
;stations.is'growing by leaps and bounds, R

Livarpool eannot be considered to be a manufacturing town ﬂhcre'
towns such as Lewcass%gs ?gncheqter, Sheffield Leeds and Bra dford
.are conﬁidergd, but yet there is a very considarabla amount_of pqw&r
used in this Gity, and it is gratifying to think that some of the
larger'pewéfjusers are appreclating the many advaﬁtages’Of electiric
,.driVing; gﬁﬁ are contlnually incrmasing their demand,_. | |

The réaqon'why Manufacturers throughout the Cbuﬁﬂry.aré adopting
the Ceﬂtral oupply as their source of power so rapldly,_is in the
Author oplnion, mainly due to convenience,

5 ‘"hen one considers that the cost of “OMer.lﬁ.mést ﬁorks is

sgghua very small item in thn total cost of production of the
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article prodﬁced it is easily appr@ciated that convmniencs may
easily become a more import'm+ factor than cost,

Electrie driving enables any of the machines in a Lactory to
he run overtime without incurring h&gvy adﬁltlonal expense such as
:woﬁld occur where the manufacturer produces hls own power, It ise
an advantage to ba able Bo readily te speed up any process in the
facﬁory, and it is eaeRly conceivable that by thie means,a vgr&
material increaée of the output_from the factory ma& be made,

It ie a great advantage to be able to augment ‘the power for
eny machine or group of'machines without-disormanising the féctorg‘

A larger motor can be put in at the week end withbut'any'loss.&
in working hours on the particulaf machineq ‘

Consider what a difficulty arisesxﬁhen'it becowes necessary
to put in a larger engine in a factorys " ~ The whele Workg may
have to be shut down for a week or. twe during the change,

Cwing to the facilitiesgobtained by electric driving
'manufacturera are enabled to take orders for quick delivery that
they could not otherwise undertake,

Agein where a mamufacturer has his own engine and boiler there
is a certain amount of his time and attentien taken up in looking
after the plant, but with eleciric driving this trouble is avoided
altogether, ! /

These are some of the reasons that have been proved froﬁ‘
actual experience during the last few‘years to be real advantages
and which in the Author's opinion are the main reasons whﬁ‘the
Ceritral Electric Supply is being used to such a large extent today,

The table below glves the horsg power of motorsz coupléed to the
supply mainﬁ in the districts named.

In Newcastle 260,000 H,P, 1s coupled to the mains,

Glaegow, 67, 000 Do. Doe
" Manchester.80,000 Do. Do«
"  Birminghan. 74 000 Do. Doe
" Sheffield, 40 000 Do Do

" Leeds, 34,000 Doe Do,










