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RULES AND CONSTITU flON 
OF THE 

Association of Municipal Electrical Engineers 
(UNION OF SOUTH AFRICA.) 

As submitted and passed by the full meeting of 
the Association held at the Town Hall, Johannesburg, 
on Friday, November 19th, 1915. 

1. Title.-The Association shall be called the As;-;ocia tion of :'\fnni­
c:ipal Electrical Engineers (Union of South Africa). 

2. Objects.-The objects of the Association are to promote the 
interests of Municipal electric undertaking·s. 

3. Members.-Member:; of the Association sha ll be .Chief Electri(; 
Engineers engaged on the permanent staff of an electric supply or tram-­
way undertaking owned by a local authority in the Union of South Africa, 
a nd any dul_v qualified ass istants whom they ma_v recommend for election. 
Should any member cease to hold his qualifications as nborn, his member­
ship shall cease. 

4. Contributions of Members.-The subscript~on shall be £2 '..l ,-, . for 
Chief Engineers and their Chief Assistants and £1 ls. for other mew.hers. 

5. Officers . .:._The Officers of the Assoeiation shall consist of:­
President, Vice-President, IIon. Secretary, and the Hot,. Treas urer. 

G. Council.-'l'he Council shall consist of the President, Vice-Presi­
l1ent, and three members to be electeci at the Amrnal Congress. 

7. Election of Officers and Council.-Officers a nd Mem:bers of. 
Council shall be elected by nomination and ballot at the Annual Congress, 
and sha ll hold office until the next Congress . 

8. All those who attended the Congress in J ohannesb!trg· i11 
N overnber, 1915, shall ipso facto be members of the Association. 

9. Election of Future Members.-The election of future membe1·s of 
the Association sha ll be vested in the Council. 
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JO. The affairs of the Association shall be managed by the Council, 
who shall ha1·e po1Yer to incur any expenditure necessary for the obje<'f,:; 
of the Association. 

J 1. The Yoting at the Congress shall be restricted to the membe,·.-; 
!'resent nt s uch Congress. 

1:2. The fi11a11cial yt>ar of the Association shall termiuate on the fin,t 
day of the Annual Congress, at 11"hich date ,ill subscriptions for the ens11i11g 
year become due, and uo member will be allo,rnd to Yote ll"hose suhscrir,­
tion is i11 arreai. 

13, President-The President shall t:J ke the Chair at ,ill meetings 
of the Association, the Council, and the Committees at 11"hieh he is prese11t, 
:111d ,-;hall regulate and keep order in the proceedings . 

H. In th e absence of the President it shall be the duty of the Vic-P­
Pre,:;ident to preside at the meetings of the Association, and to regnbb 
,illd keep order in the proceedings. But i11 the case of the nbse11re of !he 
President :111d of the Vice-P1·esident the Meeting m:1y elect a11.v ::\fr111hcl' 
of the Couueil, or in the case of their nbsence any Member presc11t to t:1kc, 
the Chair at the Meeting. 

15. The lo<":il press of the 'l'o1rn in 11·hich the Cong-re,-;s is he1<1 sliali 
ho II ot ified of the time ,111,l date or the r ea ding of a 11 pn per,-,. b'I t tl 1p 
Assoc·iation s hall resen·e to it;.;elf the right to resolve itself into Committee 
:,t any time dul'ing its proceedings; mo1·eo1·er, it sh nll be competent for 
a11,v ::\Iember to h:11·e his papel' read and discussed in Committee if :1e .~o 
desire,;, 

1 G. The Honorary Secretary and the lionorar_\" Trcns11rer s hnll 
present a yenrly report on the state of the As;-;ocif!tion, which c;l1.1ll he 
read nt the Annual Congress. 

17. The lTonornr,v Treasul'er shall be responsible for the funds o[ 
th e J\,-:sociatio11, and slrnll present a Bnlam·e Sheet nt the Annual Con<.>Te:-,.; . 
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Association of Municipal Electrical Engineers 
(UNIO N OF SO UT H A F RICA. ) 

AT JOHANNESBURG, 

FIR.ST ANNUAL CONGRESS, 
NOVEMBER, 1915. · 

~rogramme of ~roeeedings. 
Monday, 15th. 

Tuesday, 16th. 

10 a.m.---Welcome by the Mayor and fonnal openi11~ 
of Congress . Election of Offi cers, etc., :u·,J 
other f ormal bus iness . 

1 p.rn.- -Luncheon a t the Rand Club by invitation of 
His Worship the Mayor, Norman Anstey, E,;q. 

2.30 p.m.-Visit to the Rosherville Power Stntion of tl1c 
Victoria Falls Power Company. 

9 a .m.--Visit to the Crown Mines. 

2 p.m.--Meeti11g. Presidential Address . Paper ,llld 
discussion. 

Wednesday, 17th. 10 a.111.--Meeting. Paper llnd di scuss ion. 

12 noon.--Leave for Randfontein. 

l p .111 .-Lunch at Grand Hotel, Krnger sdorp, by inv.i­
tation vf Hubert Davies, Esq. 

2.30 p.m.--In spec tion of Randfontein Power Staticn . 

Thursday, 18th. 10 a .rn.·-Meeting. Paper a nd discussion. 

8 p.rn.- -Meeting· with locll l In stitute of Tec hnit ;l [ 
Engineers . 

Friday, 19th. J0.30 a.rn.--Meeting·. Ru les llnd Constitution nnd general 
business . 

Saturday, 20th. 

2.30 p.m.--Visit to Johannesburg Power Station nnc1 
Distrib_ution System and to the Municipal 
Abattoirs nnd Live Stock Market. 

9 :,.m.--Meeting. General bus iness and conclu.~ion of 
Congress . 
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PROCEEDINGS 
OF THE 

FIRST ANNUAL CONVENTION-
OF THE 

Association of Municipal Electrical Engineers, 
(U NIO N OF SO UT H AFR IC A.) 

Johannesburg , November 15th to November 20th, 

1915. 

MONDAY, NO VEMBER 15th, 1915. 

'fhe first meeting was held at 10 a.m. in the large Committee Roo111 
of the Johannesburg Town Hall, which was kindly placed at the di--;pos,tl 
of the members throughont the week . 

The delegates were welcomed by His Worship the Mayor, Nonnnn 
Anstey, Esq., to whom the thanks of the members were duly accorded for 
his hearty welcome to Johannesburg and for the facilities given hy the 
~\1unicipality, after which the meeting commenced. 

Professor J. II. Dobson was unanimously elected President and 1\(1•• 

W. F. Long Vice-President of the Association for the ensuing year. 

After discussion, it was proposed by Mr. John Roberts, seconded by 
J\1r. R. Mortimer, that the next annnal meeting be held in Cape 'l'ow11, 
,1 bout the end of September, 1916. Canied. 

Membership. 
The question of membership "·as discussed at length. 

Mr. B. Sankey proposed: "That members at the time of their elecbo11 
be the Chief Electrical Engineers engaged on the Permanent Staff of an 
electrical undert;iking owned by a local authority in the Union of South 
Africa, and any duly (]ualified assistants whom they may recommend for 
election." This was seconded by Mr. Cm;tle and canied. 

It was proposed by Mr. Poole, and seconded by Mr. John Robert,:, 
'' that Tramway Managers be accorded membership." Carried. 



11 

Constitution of Council. 
It was propo,;ed, seconded, and canied: ·' That n Commitbe l>e 

formed to draw uµ the rules, etc., and this Comm ittee to report ,is ,;0011 

,, s possible to the meeting." The follow ing- were elected to sen-e on I 11i !" 
Committee :-Messr,;. John Roberts, 13. Sa II key, ,v ooley-Dod, 1V. LoEf:, 
T. Miller, with the President. 

Honorary Secretary. 
Mr. John Roberb propo,;ed, ,;eco11decl by Mr. B. Sankey: "That ;Vl1·. 

Stokes be nppointecl Jlon. Secretary." Caniecl . 

Subscription and Printing of Proceedings, etc. 
After cliscussio11, Mr. Bellncl-Ellis proposed, seconded by Mr. Lo1:g. 

that the qne;.;tion of s nbscriptio11 be left over for the time being-. 'rhe 
matter of printing of proceeding-,-;, etc ., was also left o\·er. 

At 1 p.m. the delegnte,-; were entertained to lunch nt the Hand CluL 
by His ,Yor,-;hip the ~fayor, Norma11 A11;.;te~,, Esq., and there were pl'escnt 
be!-'ides the delegates:-

Co1111cillor T. F. Allen, Chairman Trn1mn1y and Lighting- Committee. 
Profc;.;sor John Orr, Johannesburg Sc-hool of Mines nnd Tec·hno1og·_v. 
G. S. Burt A11dre1Ys, E,-;q .. Town Engineer. 
W. fog-hnrn, Esc1 .. Chief Engineer, Hnnd ,Yater Board. 
l<'. iY. ~Iills, Esq., Chief Electrical Engineer, South Afric-,1n 11,ii lway, .. 
'I'. C. Otley, Esf1., Yictol'ia Falls Power Compnny. 

At the conc·lusion of the lun ch, J lis ,Yorship the l\fayor nccorded a 
,,1ost heal't_v "·elcome to the deleµ:ntes to Johnnnesburg, nnd wished S! 1reess 
lo the ne,,· Assoc-iation, assuring· them of the henrty s upport of tlw .Johnn­
nesbnrg· Municipality. 

The Pre~idcnt sn itnbly responded. 

Conncillor F. T. Allen propo,-;ed the health of the newl.v-elected Presi­
llent, whic-h wns recei\·ed with nrelarnation, and to whic-h the President 
,inly replied. 

In the :i fternoon the members yj,-;ited the Roslien·ille Power Rtntio,1 
of the Yictoria Fnlls Po\,·er Company, Ltd., by invitation of Bern:ircl 
Price, Esq ., the Chi ef Eng-ineer to the Company. 

In Mr. Bermll'cl' Price's 1111a\·oidable nbsence, the dcleg·ate,; \rere 
received b_v l\fr. T. C. Otley :1nd M1·. R. C. Bryden, and after inspecting 
the plant were entertained by the Company in their lnrge rec·rention l1 nll. 

A Yery heart~, Yotc of thanks w:1s gfren to t he Cornµ,1n_v for their 
kindness, which was s uitably acknowledged by Mr. 'r. C. Otley, after 
wh ich the party returned to Johanne,;bnl'g- at 5.30 p .m. 
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TUESDAY, NOVEMBER 16th, 1915. 

The delegates Yisited the Cro"·n Mines, Ltd., by ill\·itation 0£ the 
General Manager, being received on the mine at 9 a.m. by Mr. A. T. Brett. 
the General Manager, and Mr. Simpson, UndergToLrnd Manager. 

The party was condu<-ted down the mine and s hewn the large electri,· 
n11mpin;;· :.rnd other plant, after whi c_ h the surface plant 1rns in -;pe1.·lell , 
including the large electric winders. 

The Assay Offices were then Yisitecl and the smelting process Yicwccl. 

The party returned to Johannesbnrg :it 11.30 a.m. 

At 11.30 a.m. _the Sub-Committee met anq draf ted provisional Rule-; 
:1ncl Constitution to be submitted to the full meeting for their apprornl 
and ratification. 

In the afternoon the Cong-ress met at the Town Hall at 2 p.m., wher, 
the President cleli,·erecl his Presidential Address . 

PRESIDENTIAL ADDRESS-MUNICIPALS. 

Gentlemen,-! thank you for the honour you ha Ye clone me in electing­
me as the firs t President of the South Africa n Municipal Electric::il BPgi­
neers' Association. I realise that a gTeat r esponsibility devolves npon 
me, and I can assure you that I shall do my utmost to justify t he c·onfi­
clence you ha ve reposed in me. I notice that I a m clown to jJl'esent a 
Presidential Address. A President of a technical in s titution as that 1,ow 
formed is us ually given an opportunity of presenting an address to the 
members on a s ubject of general interest, and this explains why the ii"etn 
is arranged on the programme. This opportunity is afforded the Pre ;:,i­
dent either in hi s introductory or inaugural r ema rks immediately after hi s 
election, or in his valedictory address when he vacates the pre .. iclentia] 
chair to hi s s uccessor. I propose 011 this occasion to co11tent myself 
with a few general remarks . 

In the firs t place, let me s tate how gratifying it 1s to me that you 
haYe given s uch hearty respon se to the formation of the South African 
Association of Municipal Elec trical Engineers, and to Mr. John Robert:-; 
in particular my thanks are due for suggestions and assistance in •bringing 
you together at this inaugural conference. 'l.'o Mr. Stokes is clue the 
thanks of the members for undertaking the clerical and introductory work 
during· the formation of the Association. The Association being· thus 
formed, I propose now to give some indication as to the lines upon which 
its usefulness will be a ppreciated. Engineer members should endeavour 
to get members of their various Committees interested in its work, and i11 
this way the work of the Association will be apprecia ted and officially 
recognised. 
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There are many problems in Municipal Electrical En;6neering which 
require consideration, with special reference to the cond itions which exist 
in South Africa. In the firs t place, in th e absence of a body cornpurnble 
to the Britis h Board of Tn1de and Loca l Government Board. the ne\\'l~·­
i'ormed Munic ipal Electrical Association would be a body to 1\'11ich Mu11i­
cipal Electrical Engineering problems could be referred for expert achice 
(•onnectecl with the s pending of mon ey for public uncle l'taki11gs. Th e 
Association might also be a body which might sb111dardise electricill 
,·ystems 'throughout Sonth Africa, more part icularly with regnnl to Yoltn r:e 
;,ml freq uen cy of s upply. Jn t his way each Municipality " ·o tdd be :-ible 
to buy in the best markets on thoroughly s tandnrdised nrnte rials suC'h ;1,., 

l11m ps, motors, ete . 

Again, the ques tion of electric ity tariffs 011 a Municipal eledric system 
is a problem pec uliar to every public lighting sys tem. An interehange 
of ideas a s to ho" · to dea l with idle plant outside the hours of peak lond , 
anrl s uitabl1• hll'iffs to obYiate t he nec·ess it_v of inereasi11 g· the 11u1i1h1~r of 
;neters i,; bound to result in 11c1'-nntage to e1·e ry Mnni('ipality. 

Another quest ion is ' thnt of meter reilding. Some Munieipolitie ;; 
haYe water meter;;, electrica l meters and gm, metern, and ns to whethe:: 
I here should be se parate meter r eaders for eneh depa rtment or " ·!icther 
one meter render s hould rend till Munieipill meter s at one stan d or l, ouse, 
lw t!1ey water or ele..trir·i t,v meter s, :-ind whether the meters -d101tld he n· :-i :! 
rhr11,g :1 ce rtain pe l'iod of the month or 01·er the whole month. n re n;,rtti i1ily 
1natters in whi('h th e pnbli c geneni lly :He pmti<'nlarly inter ested. 

The question as to whether electricity and water cl epa rtrnents s hould 
introd uce methods of acll-ertis ing in Y:uions ways is al ,-;o a rn::itte:· well 
ll'or thy of th e ronsideration of Mnnicipal Engineers. 

Another nm tte r which ha s doubtless oceurrecl to many lVInnicip,1 l 
l•~ lectrical E11gineer,-;, especially in the large towns, is thnt of "Lice us ing 
of Electricinns." In the rase of Johann e,; b11rg, we have got to the stnge 
vf the Conncil ha ,·ing app1·01·ed of draft bye-la\\' s for t he licensing of 
t>lectricians, whi ch bye-laws a re now before the Pro,·inrinl Administrntor 
J or hi s sanc tion. It is contended by many that the licensing of electricians 
npon reasonable line ,-; and without any hardship to those "·ho are bonil 
Jl de electricia ns . would res ult in a greater protec tion to the public and a 
µr eil ter satisfac tion to those in C'harge of Muni<'ip:11 electri cn l dis tribution 
~y~te n1 s. 

Turning next to the <Ju estion of Mnnicipnl Tramway underbkings, 
with which Sonth African Municipal Engineers are often closely associ­
:, ted, there are mnny problems in thi,-; country whi<'h are e,;sentiall.,· 
t:ifferent to those in other conntries . 111 the first pln ce. there is Uw 
question of "white" Yers us " coloured" people and the contro,·er s ial points 
1: onnected therewith. Again, there is th e question of the Pos tmnste;·­
General's requirements in connection with the return rircuit of eledric 
t.ramways. In 1911 an Act wa s passed entitled "The Post Ofnre Acln1i1,­
is triltion and Shipping Combinations Discouragement Act, 1911," ~-iving 
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the Postmaster-General po,Yel' to insist upo11 tile introduction or rite 
British Boarcl of 'l'racle Rules. 'l'here are many c;i,-e-; in which f'UC'lt 
niles, if insistecl upon, woulcl retarcl trnmway progress, ancl T cn11 conr>f'irn 
of no better rnethocl of dealing with points of contro\'ersy 011 thi,; snl,ject 
tha n by their being discussecl before this Association. To 1m1lrn ihi-; pomt 
q11ite clear, there may be required in some part of South Afriea a trnrn\\'ny 
,,:;tension through a s uburb where there is no telephone rcticulatio•i ,,r 
01:iier U11dergrou11d works; I ,:ubmit thn t in suc h <"ase;.; the c-ost o[ the 
trnrnwny scheme shou ld not be burdened with enpitnl to c·on1pl,v 1Yith 
i·:il•~s unnece;-;;;arily, but that the dangers of il)terference with exi,;t inu. 
:1nrlergrou11d works ,-hould be the g11idi11g factors, and 11ot ~terPGtYp1·<1 
:c1ilf•S and regulations. 

, 
Another ma tter conncded with the prov1s10n of tram,Yays 1:-; that of: 

extensions to the more sparsely populated suburbs of a large to'wn. a;.; 
well ns the initiation of tramwa:vs for sma ll town,;. Variou;.; Muniei­
pnlitie:-; have embarked 011 s:vsterns to obviate the large capit::il expenditure 
of the ordinary tram car on steel rnils; s uch systems are tho~e of mi lies-; 
l•lectric traction, and petrol, petrol-electric and' electric omnibnse.,. H 
woulcl be of immense public interest if those who ha1·e fig nres 011 the 
Yn riou s systems referred to would present them to ::in associatio11 (If thi .-: 
tlescriptio11 for <·ornpnrison and di:-;eussion. Owing to the different c·on­
llition s it is impossible to accept borne figures. 

No doubt many other subjects fo,· di,-cnssion will occur to you, but i 
Lbink enough has been said to i11dic:1te the lines upon ll'hiclt the A,-socin­
tion might pro1·e of great 1·alne to the Mnniripalities nnd public of Kouth 
, \.fri ca . There are the grent aclnllltages which ,yill be deril'ed by Hil 

cxrha 11 ge of Yisits :lncl Lo hold the Annunl Congress or Meeting· nt some 
Llifferent place eaeh year. Iii this wa:v we shall doubtless be nble to C'op,v 
that whielt appears to be nn irnpro1·ernent 011 our ow11 systems, ,111d tu 
«1·oicl thnt \Yhich is seen to be undcsirnble 011 others. 

Yon ,1·ill see from the Agenda for the ,1·eek thnt the Couneil uf the 
:-iouth African Institute of Electri c- al Engineers 'has ki11cll,v illl·ite<l th .e 
members of thi;.; Association to their meeting on Thursday e1·e11ing· next; 
the paper down for rending is "The Distribution Plant of tl1e Joha11nes­
hnrg· Municipal Eleetric Supply S:vstern," by J. H. Dobson. Yon 1nil abo 
;10te the Yisit to the Municipal Power Station on Saturday next. To 
those who are unable to Rtay until Saturday will be affonled :111 c,ppnr­
Lunit,v of \'isiting the Power Station and Distribution System nt n ti111e 
r·o1l\'enient to them. 

Finally, I ngaiu thnuk you f or the honour you h:11·e done me. aucl 
1.,·ith the as;.;istance of your Council I shalr do all I can •to furth er th,· 
in terests of the newly-formed Ass ociation of Municip,il Elec tricnl E11gi­
r-eers. 

Mr. iYoll e,v-Docld (Pretoria) proposed a hen rt,v vote of thanks ! o the 
President, ll'hich was seconded by Mr. B. Sankey · (Port Eliznbeth). 
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Mr. \,\'. F. Long, City Electrical Engineer, Cape Towu, then read the 
following paper:-

SOME NOTES ON THE PREVENTION OF CORROSION IN 

CONDENSER TUBES. 

The study of the preveution of corrosiou in Condense1· Tubes has 
probably been given far more attention by the Naval Authorities and the 
Mercantile Marine than other steam users, owing to such corrosion being­
more marked with the use of the ;.ea for circulating water purposes ; and 
it is therefore not usual for any protective device to be supplied by manu­
J acturers of condensers for use in Power Stations, unless specially asked 
for. 

It is true that some maker::; fit zinc or cast-iron plates to the tube­
plate of their condensers; but the writer's experience in this direction is 
that where the water used for circulating purposes has a tendency to 
«ttack the tubes, these plates onl.y aggravate the trouble. 

Since the adoption of the use of the water from Table Bay ~or circu ­
lating purposes at the Cape To:vn Corporation Power Station, we have 
from time to time had considerable trouble through corrosion of condenser 
tubes; hut the in convenience of having to occasionally shut down ,t leaky 
r-ondenser to renew a tube was not so marked with Reciprocating Plant 
iis on the adoption of Turbine Driven Units . 

The failure of tubes in the condenser of the first Turbo Alternator 
jnstalled , J1owever, was· so freqr;ent after about six to nine months ' nrn­
ning-, that it became necessary to institute careful en<J uiries into the 
Yarions schemes adopted by makers for the prevention of this· trouble. 

Our original enquiries, wh ich were directed towards ascertai;1ing the 
liest alloy recommended for the use of condenser tubes, brought to light 
Lhe fact that with the use of sea water for circulating· purposes, tinned 
tubes had been entirely discarded by the Admiralty and Mercantile Marine 
'. or ,some years. 

This information came somewhat as a ;:; urprise, as in a ll spec·ifica­
tions iss ued for Condensing Plant required, from time to time, the provi­
,-,ion of tubes tinned both in side and outside was specified, and cilso that 
the Condenser must be designed for use with sea water. 

In order to assist makers in aI'riving at a satisfactory ;;olution of the 
trouble, samples of the faulty tnbes were sent to En~-land for examination, 
bnt with no nry sati"faetory results, makers stating that in their orinion 
the pitting was due to some acid finding· its way into the Con(1enser, 
thereby setting· up a chemical action 0Yer \Yhich they had no control. The 
ouly useful information obtaineil from the makers of this particu!f1 ~· Con-­
denser was that the ti1bes were better nntinne<l, and that the Admiralty 
ltnd discontinued tin □ ing- tubes for some yeiirs. 



16 



17 

Further inves tigations through other sources resulted in the followin g 
·useful informa tion being obtained:-

" The pitting of brass condenser tubes appeared t o be a ver y Yexe'J 
a nd diffic ult problem, and the views held by different people as to its cause 
were very different. The In stitute of Metals has devoted a ttention t o 
this subject for some years, a nd their la tes t reports s tate that local 
corros ion or pitting ta kes place much more rea dily when sea wa ter in 
harbours is used f or circula ting, as compared with circul a ting water 
obta;ned in the open sea . Sea water a lways contains a considen•.ble 
<]u a ntity of di ssolved.carbonic acid ga s, a nd if the wa ter is highly ch.::rg·ed 
wit h this, it l1a s a corrosil'e effe ct on brass . One cannot, therefore, gn 
enti rely upon th e experience of Marine Engineer s, and it seem-; to pla c· e a 
h1.1~d station using harbour sea wa ter much in the same case as coastin g 
,-teamers ar!C1. those " ·hich ply in brac kis h wa ter , riYers, es tu :sries, e_tl,. 

Tempera ture in the condenser has also a good deal to do wit h 1hc 
trouble, t he posit ion s where most corrosion is fo und being where 1.he hot­
tes t s team is defl ected on to th e tubes . To minimise the ehanc~s of 
f' Orrosion it is therefore quite d ear tha t the cooling s urface,; of tlrn con­
denser mus t be very libera l f or the a mount of stea m conden,;:e c1 so ::>s 1. o 
!,eep the tempera tu~·e down, nnd overloa ding of the conden;,er, an rl tln1 ;; 

.-aising the temperature should be avoided. 

Pit ting would appear to take place in th e firs t in s ta uce owing t o the 
zin c in the alloy becoming a ttacked a t certa in spots and leaving the copper 
behind in a spongy form. When the copper has los t its bac kin g 01· s up ­
!JOrt it is quickly worn away mecha nically. Efforts have, therefore, been 
,lirected by ma kers to pr oduce a n a lloy in which the zinc will not be 
a t tacked. T!i e Admiralt:v use 1 per cent. of tin a dded to th e usual alloy 
of 70 per cent. copper a nd 29 per cent. zin c. Muntz meta l, which is 61 
per cent. copper and 39 per cent. zinc is very subject to corrosion at the 
higher tempel'a tures, bnt the Muntz Metal Compa ny use a mixture con­
ta ining 2 per cent. of lead f or marine conden ser tubes, which, from co11-
.0 iderable experience obta ined, appear s to be the best metal fo r r esis tin g­
eorrosion. This mixture is 70 per cent. copper, 28 per cent. zinc and 2 
per cent. lea d, und is known as " Special Brass" or "Muntz's Nergandine." 
Jt appear s pn,\'ed th a t lead in thi s small percentage is a real preventa tiv <:: 
ng-ain s t the zir,c being attacked, with con sequent pitting a nd corrosion oC 
the t ubes . It is a curious thing tha t condenser tubes ma de of brass year,, 
ago, wh01; copper a ud zin c conta in ed s o- ca lled impurities of lead, ete ., h;n-e 
lasted better t han tnbes of absolutely pure zinc and copper obta ined hy 
el ectrolyti cal proce ses . 

In the Presidential Address of Sir Henry Oram, Engineer-in- Chief to 
t he Fleet, he sta tes th a t, after prolonged investigation , they ca me t o 
include the following points in their specifications :-

1. The copper to assay not less than 99.6 per cent. 

2. Scrap to be limited to ends removed from process tubes and not 
to exceed 20 per cent. 
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3. Total imnurities not to exceed 0.625 per cent. 

4. The amonnt bored ont of castings to be not le.-s than ½ inch of 
diameter. 

These conditiou c; J,aye held good from 1906 till last y-~ar, with tl.e 
addition th a t electrolytic copper may be used, and he says that the suc­
cess of tubes made to this spec ification, when coupled with some improYe­
me nts in condenser construction, has well repaid the time devoted to this 
importan t matter. 

In the Navy they are troubled with splitting of tubes more t ha n by 
corrosion, a lthough a much greater number of failures were.due to cono­
si on . It is obvious that split tubes tend to allow a la rge quantity of sea 
•.vater to mix with the conden ser water, causing trouble in the boilers from 
brackish feed water, or necessitating the throwing away of the condensed 
water· entirel y. 

One of the many orders issued by the Admiralty with a view to mini­
;uising corrosion in condenser tubes wa s a 11 _instruction to s hips' engineers 
to drive the circulating pumps at high speed at freq uent inten·als, thus 
dearing the tube::; of cinders, scale, etc. ' 

Sir Henry Oram also s tates that in the Navy gun-meta l ends fo,· 
eondensers ham diciappeared, being s uperceded by cast-iron, to the great 
a dvantage of the condenser tubes. The condenser s hells have now ahio 
for some years been made of sheet stee l, which, a lthough not so clnrable 
as gun-meta l, is sufficiently so, ha ving regard to the probable life of ships. 

With regard to the use of plates immersed in the water s paf'e, the 
Institute of Meta ls found that, a lthough at firs t s ight zinc would appear 
more suita ble than iron, being more- electro-positive, this does not pro1·,. 
to be the case in practi ce, as the zinc gradually becomes covered with n 
layer of oxide which is electro-n egative to brass and a poor con ductor. 

Therefore, for the protection of conden sers, zinc has been lf.lrgely 
replaced by iron , .which is not only cheaper but more efficacious. The 
iron slabs are pla ced in the water boxes attached b:v bolts to th e tube 
plates . 

In Cape Town we ha d a clear proof of this, the condenser of the 
·,,econd Turbo Alternator having· zinc plates a ttached to the tube plates, 
a11d corrosion appearing within the first few weeks of starting up. On 
1·emoving the ,,·ater boxes it was found that the plates had a scale :fo rmed 
on them, showing that th ey were not acting- a s intended, and were 110 doub t 
aggravating the trouble. 

There appears to be nothing very definitely proved as to the ac tion on 
tubes which are tinned. '!.'his coating does not. prevent the unifN· m totnl 
f' orrosion over the whole s urface, but it prevents the zinc in the a lloy 
being attacked locally. If one finds that tubes in one position in the 
conden ser are attacked while others in a different part are not corroded, 
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th is is clue to t he un eYen distribu tio11 of temperature throughout tlw co11 -
clenser. The in rnstigations show that it is not a dvisable to divide the 
condenser into separate nests of tubes th rough which the water pa;.;ses in 
succession, be<:ause the water gains in temperature as it flows through 
the~e differen t lots of tubes, and the last lot are s ubj ect to mu ch high0, 
temepe1·ature tha n the first lot where the cold water enters. Frum tlw 
1:orrosion point of Yiew it is better to introduce a separate water inlet a uJ 
outlet to eac h nest of tubes i11 t he condense1:. If there is a ny choking of 
t l1 e tubes, thi;.; will assist corrosion be<:>a use the temperature will be thereby 
raised. To pre,·ent this t he speed of wate r through the tubes should not 
be less than :wo feet per minu te, and preferably 360 fet per Ji1i nute. 

The 11albend Sli pway and Engineering Company, to whom t he matter 
wac; referred, iiifo rmed us that it " ·as their usual prnctice to fit untinn e,J 
cundenser tubes in Marine work; tin ned tube;.;, they say, are seldom use,1. 

They acl,·i;.;ed me to refer to the Cumberla nd Engi neering Company 
and the Harris Feed Water Filter Company, both of whom have a system 
of dealing with corrosion in condense r tubes. 

The former Company appear to have made this a special s tud_v for 
,nany years, s tarting in Aus tralia on ships, an d then in the Sydney Electric 
Lightii1g Station, where t hey effected t he protection of boi ler and coq­
denser tubes from pitting; they have now been taken up by t he Cuna rd, 
White Star an d other big lin es of steams hips, in which their s_vstem ha;; 
proved to be Yery efficacious again st pitti ng and corrosion, ,Yi th the addi­
tional advantage of loosening scale. 'rh ey showed our r epresentafo·e an 
<'xperirnent proving tlrnt plates of zin c put into condenser s and boi lers as 
a preYeutive agai'nst corrosion become oxidi sed a nd after a time change 
01·er in polarity from electro-positive to electro-negative. Thi ;; is a11 

extremely remarkable effect, bu t one which can be easily dernon ,d.rated 
with a piece of old zinc a s compare<l with a piece of new zin c. It will 
t ims be seen t ha t although zinc is electro-positive fo start with. and this 
i.s s ubject to l" Orrosion in s tead of the structural metals of the condenset' 
or boiler, it becomes in course of time electro-negative when it 8{' tually 
induces corrosion upon the s tructural parts. '!.' he Cumberla nd system 
aims at keeping the blocks electro-posit i,·e b_v means of a smnll low Yoltag·e 
<'urrent. They use blocks of iron in stead of zin c for this p urpose, con­
necting same through in s ulated bushings and washers bolted up to the 
;;hell to termi:ial on the outaide for applying the battery or generator. 
'!'he Llan elly Electric Light a nd Traction Company, who use water· up :i 

s mall estuary from the sea for circula ting·, ha ve s uffered cons iderably 
from corrosion . They ha ve put in thi s system, an d find it very efficmoions. 

The Cumberland people, on exa mining the faulty tubes subm itted by 
ns, recognised the trouble immedia t ely, telling us it was wha t they t<'rme·l 
tlezin cification . 

In the Harri s-Anderson system the results obtained are similm·, but 
no outs ide electro-motive force is applied. It would a ppear that they 
aHer the composition of the protective metal employed to suit special 
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cases, but thil one ordinarily applied is electro-positive to practically all 
varying alloys of copper and zinc, and is claimed to maintain its protective 
act.ion until completely eaten away. 

The blocks are usually placed inside the water space of the condenser 
at both ends ( the number and size of the blocks depending on the -;ize of 
eondenser), and connected to terminals on the outside and insnlate<l from 
the condenser casing; such terminals being connected by means of rnsu- . 
lated cables t0 the tube plate at the opposite end of the condenser. 

It is essentia l that the tubes themselves be well electrically connecterl 
to the tube plates, and to ensure this metallic washers are fitted. Tbe 
I-Iarris-nAderson system has been employed by us on the condensers of 
two 2,000 K.V.A. Turbo Alternators with very marked s uccess . Previon, 
to the installati.on it w:rn necessary to r eplace several tubes every fe,v 
days, sometimes as many as five at a time in less than a week, wherea s 
now it is only an occasional aube every few weeks . 

I may say for the information of those adopting this apparatus that 
it is very esse,itial the right metal be used for the blocks. On one occas io" 
w_e ran short of these blocks, and, understanding that a luminium was thP 
basis, used a luminium blocks cast locally, but with very poor results. 

It has been found very efficacious to occasionally brnsh the blor,1, s 
rlown, and thi.'> we do once a week when cleaning out the condenser tnhes, 
which latter practice is necessary with the use of se.t water from Tahle 
Bay. 

The follo,ring are a list of Ampere meter readings taken, shewing t!te 
current flowing- between each block and the tube plate at the opposite er:d 
of the condilnser on the two condensers in which this npparatns is 
installed:-

Front End. 

1st circuit 

2nd 
3rd 
4th 

Back Encl. 

" ., 

" 

1st circui t 
2nd ,, 
3rd ,, 

No. 1 CONDENSER. 

• 

.245 amps . 
')~ __ ;:, 

.25 
.295 

.308 amps-. 

.217 

.259 



Front End. 
1st circuit 
2nd 
3rd 
4th 

Bnck End. 

,. 
., 

hit circuit 
2nd 
3rd 
4th 

" 
., 
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• 
No. 2 CONDENSER. 

.427 amps . 

. 403 

.415 

.438 

.158 amps . 

. 278 

.218 

.223 

It will be noticed on No. 2 Condenser that the cunent flowin g from 
the blocks is more at' one end than at the other; this is, to my mind, a 
elear proof thut the brnshing of the blocks occasionally is Yery efficneious, 
,.s the blocks at back end nre more diffi cult to get at. 

With regard to No. 1 Condenser, I should state that the apparatus is 
uot so effectiYe as on No. 2, nnd one would naturally expect this, as 
ammeter readings are cons iderably lower. This matter is now under 
<·onsideration ,Yith the idea of increasing· the s ize of the blocks on this 
Condenser. 

Finally., T might state that this Harris-Anderson system appears to 
lrnYe been use,( with considerable success by the Cunard Steamship Co., 
1 he "Coronia,'' "Carmania," Mauretania." and the ill- fated "Lusitania" all 
being fitt~d with their protecti,·e deYiee. 

DISCUSSION ON Milt LONG'S PAPER. 

Mr. A. S. M1111ro (Pietermaritzbnrg) asked "whether with the u,;;e of 
Cl'dinary river water for conden s ing purposes it would be possible. that 
i.1.iere mig-ht b:c: nn electrol:vtic action on the tubes due to the contact o.i: 
<li,;;.;imilnr me~a];.; used in the manufacture of the condenser" f 

Mr. B. S'1nkey (Port Elizabeth) cited a case w!·,ere n s urfac,, con ­
denser had to be desig·ned to use wnter from a tidal stream alternntively 
of sea water nnd fresh, the corro,-;ive effect,; of which were anticipated to 
l.1c more sever <! tha u when using sen water only. The 1 nbes were sp8c ified 
to be ,-olid dn:. ,,·n brass tubes, Admirnlt,v mixture, ;/ -external diameter, 
19 S. 11'.G. t hidc These lasted from three to four ye,;i·,-; in reg·ular daily 
,;ervice; when the whole of t he upper section nearest the exhaust pipe had 
io be rene1Yed. Mr. Snnkey a lso mentioned the Dioni c 11·ater Te,-;tn as 
being· of great n1.l11e in cleteding· the minute,-;t trace,,; of sea wnter in the 
hot well wate,. 

Mr. J. Robert,; (Dnrban) : The s ubject chosen bv Mr. Long-, thoug:1 
one of consid,;rable importance, is not of nn:v ,·er,v clil'ed ge11ernl intere:-<t 
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i,1 members, because the particular condenser trouble which he has des -• 
eribed and giv en the remedy for is not one met with except by tho,;e who 
nse salt wate<" for condensing purposes , but the .subject of conden sing is 
one with many sides. Those in Mr. Long's s ituation ha ve to deal with 
the corrosion vf tubes by sa lt water, which is worthy of a special pa pe r 
to itself, as ::\l[r, Long has given u;., The up- country man has to solve 
the conden sing ques tion generally with a very limited . water s upply avail­
able, and in many cases has to resort to cooling towers. Mr. Dobson, in 
the rema rks h•, made on the paper, expressed s urprise th a t those situated 
at the coast had not a ll taken advantage of sea water for their condenser,, 
and la id their s ta tion s down near the seas hore. But, in reply to ~.hat, l 
would point olit that in ma ny cases s ta tions were built from ten to fifteen 
year s ago, before turbines were seriously considered, a nd when the phe­
nomenal increase of electri cal output was not foreseen. Under circum­
,: tan ces exis tin g at tha t time the provision of a vacuum, which is essential 
nowa days, wa,; not economically nec~ssary, but there is no doubt tha t the 

· time may come when la rge electricity works a t coasta l town s will have to 
con sider makng s uch arra ngements as will give them the benefit of nn 
nnlimi ted supply of sea water for their condensers. \\7hen that contin­
gen cy arises t hen Mr. Long's paper will be most useful for ref eren ce, ancl 
it is c-l ear tha t the corrosion du e to sea water has lost its terrors. 

WEDNESDAY, NOVEMBER 17th, 1915. 

The Congress met a t 10 a .m. a t the Town Hall Mr. H orroll, of 
Pretoria, and Mr. Proctor, of Boksburg, were present for the first time, 
and were welcomed by the President and members present. 

Mr. John Roberts, City Electrica l Engineer of Durba n, then r ead the 
following paper:-

TARIFFS OF PRICES FOR ELECTRICITY. 

The problem of fixin g scales of cha rges f or electric cunent is 
undoubtedly one of the thornies t which th e ma nager of an elec tric s upply 
organisation has to tac kle. Local conditions frequently ma ke some of 
his engineering difficulties pretty great, bnt us ually th e best solution can 
lie fo und after proper s tudy and carefu l judgment, an d then the matter is 
settled once for a ll; but the ta riff question is a lwa ys with him. A scal e 
of charge·s which a t a particula r moment may be correct will be s nre to 
require some r evision a t no \·ery much later da te, due to some new devel­
opment in dema nd, or a ltera tion in the cos ts of production . 

' The requirements of a proper tariff of charging are mainl y tluee in 
1rnmber:-

l. Not only mus t the total revenue be s uffi cient to coYer a ll legiti­
mate charges on the debit side of the nccount, but each cinss of 
supply for which a special charge is made should }Jay its fa ir 
share of the total (a s dis tinguished from the working) cost s . 
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2. Consistent with the above, the scales of charges must be SL:ch as 
to encourage the maximum use of current because of t he beneficial 
effect of large output on costs of pr oduction per unit. 

3. The tariff must be easy of explanation to layme1i so as to induce 
a feeling of confidence among consumers that it is based on an 
equitable as well as a sound commercial footing. This i,, par­
tic ularly necessary when the un dertaking is operated by p ublic 
bodies such as Municipal CoL,ncils . 

lt is greatly on account of the !ast requirement that the writer ha,; 
felt impelled to prepare this resume of the s ubject, in the hope that it may 
be of some assistance to others in the same position as he is in having to 
>'atisfy newly-elected Counci llors of the reasons for charging as low as a 
halfpenny to large consumers and as high as five pence to small lighting 
consumers. 

It is proposed herein to go into the subject as exhanstively as space 
and time permits, though a complete exposition wo uld call for such JJnmer­
ous references to the views and arguments of engineers that noth ing less 
lhan a bu lky volume would be wanted. A good deal of the matter intro­
duced to expl;,in the points of t he problem of charging for electricity will 
be quite fam iliar to electric supply engineers, but it is necessary to men ­
i ion it to make a proper and logical presentation of the subject. especially 
if it is to be intelligible to non-technical men. 

First of a ll , it may be pointed out that the supply of electricity is not 
the only business in which great diversities of charges occur. The supply 
of a commodity or service rendered, in fact in the sale of a ll clas:,;es ot 
eommodities, ~here is, of course, differentiation in favour of the '.arge 
purchaser-we do not include such articles as postage stamps in s1ich a 
category. 811g:n, for instance, sell::; in bulk at, say, £20 per ton (::i litt le 
over 2d. per lb.), and is retai led at 3½d. A carcase of beef weighing 
700 lbs. is sold for, say, £1 17s. per 100 lbs. ( 4½d. per lb.), while butchers' 
meat retai led averages, say, 9d. Simi lar cases can be multiplied. 

It i~ somewhat noteworthy, however, that the differences betwee:, 
wholesale and retail prices do not range between such extreme limits as 
we are accust'omed to in the case of electric ity tariffs. But if we turn 
to another sphere of commerce, viz., railways, we find the range of price'' 
enormous. A ton of coal by the truck load is carried from the Transvaa l 
t:ollieries a distance of 1,047 miles to Cape Town for 13/ - per ton, equiva ­
:ent to .17d. per ton per mile, whereas ordinar,v goods are carried from 
Durban ::i nd J ohannesburg, a distance of 480 miles, at the rate of 5/ 9 per 
100 lbs .. which is equal to 3d. per ton per mile. Here, now, is an example 
t,f as wide a range of charges as hold good for electric cunent, and it is, 
perhaps, interesting to examine why the charge to the Yery large customer 
of the electric power station and of the railways is as li ttle as one-sixth 
to one-tenth of the charge to the small consumer for an equal amount of 
nu-rent delivered or material ca rried, while in the sale of commoditie;; t here 
i.s not trnarly the same difference between the prices charged to t he whole-
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. ,;ale and to the retail purchasers. The rea son is not far to seek, and it 
is this: that such services as transport of goods and delivery of electricity 
eannot be compared with the manufacture of a commodity . The cost per 
lb. of maki11g soap, let us say, is not much different if J,000 or 100 .. 000 

, tons are turned out per annum. The material and labour costs ).)er lb . 
are lower for th e larger plant, but not Yery greatly, whereas in the manu­
facture of electricity and the carriage of goods the co;;t of making 100,000 
units, or carrying 100,000 ton s, might be only one-tenth of the amount per 
nnit, or per ton, of the cost per unit of making 1,000 uni ts, or carrying 
J ,000 tons. 

It is curious that the manufacture of current and the transport of 
;mods should bear this striking resem!:>lance. It seems to the writer that 
the reason is that, though the two ,;enices seem di ,;,;imila r at firs t sight, 
they bear this likeness that the commodity they supply is not a physical 
une. It is, a s a matter of fact, energy-the energy of motion. In th~ 
one case goods are transported. Iii the other, electricit)' is circulated. 
The motive power in one case is the f-team locomotive; in the othe,· it is 
the dynamo driven by the s team turbine. , In the one case the goons 
transported are the railway wag·on s ; in the other the material moved is 
electricity. The wagons a re carried over railway lines; electricity is 
earried 01·er wires . It fo llows that both businesses will have the same 
uuts tanding characteristic, which is, that in the cost of working the stand­
i,1g charges consis ting of salaries, wages, interes t on capita l and depre­
eiation on plant is Yery high compared with the charges which Yarv 
nccording to the Yolume of its business s uch as consumabie materin ls and 
upkeep of plant. It is a lso significant to note that the heaviest item of 
eonsumable material is the same in both cases, being fue l. The above 
c·omparison, though not s trictly germane to a discuss ion of electric cnrrent. 
charges, is made to s how that the lectric supply bu s iness is not peculiar 
in the extreme diversity of the charges made to its respective cla;;ses of 
,·ons umers. And the point is s pecia lly referred to because we mn11icipnl 
t· lectrica l engineers, being in most cases pioneers in a new field , haYe to 
cio a good deal of missiona ry work. ,Ye are for the firs t time del'eloping· 
,: new po wer, and the conditions ai:e ,.;o different to most of the other well 
m,tablis hed busin esses that we have to educate not only those whose needs 
1m are catering for, bnt those who .ire placed in charge of our depart­
ments by the burgesses-I mean the members of our Committees and Tow;1 
Councils. Some day or other the business of electric supply will be 
reduced to s ta ndard lines, not only in regard to its e11gi11eering·, but its 
eo mmercial features, ,llld it will not be left to each inc1il·idunl rna11nger to 
<1evise his o,v n tariffs in order to meet hi s locn l co11clit io11 ,.; anc1 de1·elop his 
:-uppl)' to its fullest, but that time i., not _v et. 11e a re all more or Jes,:; 
breaking new ground, and, though pu r;;uing the ,.;a me object,-, are ,1ot all 
fo llowing similar path s . Some of us are not e1·en in rlo;c;c ng-reeme.J1t a,-; 
to our objects, or , at any rate. some of us may think some of tl;o,.;e object·, , 
tl1ouith nltimately to be g·ained, a re not _vet quite in the sphere of pr,tctiral 
politirs at the prese nt time. Bnt, nt any rate, 11·e ,He nil learnin ;.:: fron~ 
011r own s uccesses and mistakes, and from the re,.; ult,- obtai11ed hy earh 
othe1·. ;111(] before J go brwk to my immediate ,-;11bject ng-uin J rn111rnt ;.rfra i1, 
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while in this co1111ection from saying !'hat the municipal electricnl engineer 
who hm, kept his end up this past fifteen years or so-who has kept up to 
the minute in his aims and methods-has had a pretty rough row to hoe. 
He has had to educate a public slow to take advantage of new methods, 
lo persuade Councillors that he is not going to ruin the town, and to keep 
pace with an mt of ,1·hich the in s truments, appliances and machinery ha ,·e 
been cons tantl:v changing. Ile has lrn d to have the judgment of a Da niPl 
to choose between a ll the rival s:vstems which have been put before him, 
nnd especin lly in this country, so far from the seat of ma nufac turers, he 
has had to get out of his own diffi culti es as best he can without a nyone in 
his neighbourhood to help him. An d all that in a busines~ which, unde 1· 
the most fa,·ournble conditions, is essentially a tr:ving And diffi cult one, 
r ailing for ceaseless diligence and the utmost resource. 

My business in this paper is to point out some of the condition s whic-h 
hn,·e to guide one in the selection of a tariff for current which will meet 
the three condition s I h,ave a lready ,:et out:-

]. Commercial soundness . 

2. Fairness and equit:v. 

3. Simplicity. 

The three conditions are so intermixed in the argument that I shall 
1JO t try to keep them separate. As it " ·ill be necessar:v to use figu res to 
u very lm·ge extent, I propose to gi,·e, as a concrete illustration of the 
reasoning, the figures now rela ting to the Durba n Mnnicipal under ta king, 
ns I think they will be specially useful and intel'es ting because of the 
large number of scales f or current which are now in force. These scale-, 
cover wide ranges, viz., from ½d. to 5½d., a nd first of a ll I will give a shor t 
~·tatement of the Yarious scale of charges now in force:-

1. A flat rate of 5½d. per unit, less 10 per cent . for cash in seven 
days, subject to a minimum cha rge for business premises of 5/ ­
per month, but with no minimum to priva te householders. 

~- To business premises keeping· open after 5 p.m., a second meter 
and time switch is in s talled on application, which allows current; 
to be bought for: 

5,}d. between 5 p.m. and 12 midnight; 
ld. at all other hours. 

3. To business premises closing at 5 p.m . (and who, therefore, use 
very littl e current at 5½d.), the ch!trges by second metei· a!l(l time 
switch are: 

5-}d. between 5 p.m. a nd midnight ; 
2d. at nil other hours . 

4. To domestic consumers only ( nlterna tive at con sumers' opti on to 
Scale 1), a minimum sum per month depending on rateable value 
of house (not including Janel) entitling consumer to the cc,rres­
ponding- units at 5½d. per un it (all less 10 per cent. for cash ir, 
sernn days) . 



26 

EXAMPLES. 
Valuation. Minimum Charge. 

£200 4/ -
£600 9/ 6 
£1,000 13/ -
£1,600 16/-

Unit at 
9 

21 
28 
35 

5½d. 

(lt is probably correct to say that the average seven-roomed hous 
in Durban is valued at from £800 to £1,000.) 

5. For current used for motive power:-
First 100 units per month' . . 2d. per unit 
Next 200 ,, l¾d. ,, 

,, 1,200 ,, l½d. ,, 
,, 8,500 ,, ld. ,, 
,, 5,000 ,, ¾d . ,, 

All over this amount. . ½d. ,, 
Subject to a minimum charge equal to £3 per annum of the maxi­
mum H.P. demanded up to 20 H.P. (The highest minimum charge 
is therefore £60 per annum.) 

6. For Heating and Cooking purposes in boarding houses, hotels, 
restaurants, etc., special heating circuits must be installed, and 
through these circuits the current is sold at ¾d. per unit. 

NOTE.-All the above tariffs, whether specially mentioned or not, are 
s,ibject to a cash discount of 10 per cent. 

Supply to Tramways.-ld. per unit at the feeder panels at the power 
station. 

Bulk Supply to Government.-¾d. per unit for 6,600 volt three p_hasr. 
current, plus 10 per cent. for direct current. 

(There are a few other special tariffs, but they are of no particular 
interest, being to meet special cases such as out-of-the-Borough cus­
tomers, who are, on general principles, supplied at less favourable rates 
than those in the town.) 

In this paper I shall endeavour to show that these rates are, in 
general, fair and equitable, and have resulted in a good demand for 
electricity, and first of a ll I give a statement of the amount of current 
sold for various purposes :-

For Lighting and Heating (private consumers)­
At 5½d., 1,958,958 units. 
At 2d., 150,201 ., 
At ld., 172,381 ,, 
At gd., 689,644 ,, 

For power (private consumers) 
., Government Contract Supply 
,, Tramways Supply 
,, Street Lighting (inclusive of attendance 

on lamps) 
,, L~ghting to Corporation Departments .. 
., special bulk supply (private consumers) 
,, Power to Corporation Departments 

2,971,184 
4,116,044 
3,307,927 
3,744,880 

901,165 
217,294 

1,564,130 
837,298 

17,659,922 

£44,883 
16,983 
11,165 
15,603 

7,119 
3.607 
2,190 
2.985 

£104,538 
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The above revenue may be classified 

Tramways 
Street Lighting 
Motive Power 
Lighting and Heating 

as follows :­
Units . 

3,744,880 
901,165 

9,825,399 
3,188,478 

17,659,922 

Revenue. 
£15,603 

7,119 
33,323 
48,490 

£104,658 

Per Un it. 
ld. 
1.9d. 

.81d. 
1.66d. 

1.42d. 

This classification is made under the above four heads because these 
latter 1epresent the principal classes of supply, and I shall endeavour now 
to shO\v from ascertained figures of working cost and capital expen.-es 
what trre actual cost of each service is to the department. 

It is necessary, first of a ll, to point out what is well known to elec­
trical engineers, that charges are as important as working expenses, and 
we must therefore apportion out as nearly as we can the_ share of both 
ihese items among the four classes of supply we are examining. It is 
forttmate that in the Durban system the distribution of lighting and heat­
ing is carried out almost entirely by means of its own system of both high 
nnd low tension single phase mains; the tramways are supplied through 
t!Hir own feeders; motive power is taken care of by means of a special 
50) Yolt· D.C. distribution, and a three phase system reserved almost 
t'ntirely for power supply. The street lighting has also a special network, 
tlxiugh this is feel from the low tension system of the ordinary lighting 
network. It is, therefore, possible to arrive at the cost of distributing­
t:ie various services separately, and it happens that in Durban a valuation 
nf the whole of the plant has recently been made, and from this valuation 
:he cost can readily be apportioned. There is still, however, the cost of 
the Power Station and its machinery which must be a llocated, and such 
a llocation cannot be clone in the same way ilS in the case of the distribu­
t-ion system . The same dynamos and · alternators are used indiscriminately 
for lighting and power, etc., and I have used the maximum demand of each 
service as the criterion on which the capital expense of the various ser• 
vices should be allocated, as shown 111 the following table:-

Max. Load Cost of 
Service. Demand. Units . Factor. Plant. 

Tramways .. 1,780 3,744,880 24% £44,900 
Street Lighting .. 220 901,165 43% 5,550 
:'-'lotive Power .. .. 2,800 9,825,399 40% 70,500 
Light .1ncl Heating 1,894 3,188,478 19% 47,788 

4,300 17,659,922 47% £168,738 

(It is scarcely necessary to point out that the total maximum load is 
not the arithmetic sum of the individual maximum demands. It is worth 
noting that the load factor is the yearly selling load factor. The total 
;;:elling load factor of 47 per cent. is more favourable than would seem at 
first sight, because, of course, a loaci factor of 100 per cent. based on 
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nnits sold cannot be realised -i11 any plant unless cnrreut is sold at the 
switchboard. A selling load factor not only takes note of the diversity 
of the load, but the losses in distribution as well.) 

Using the above allocatio11 of capita l exJ,Jenses on the Power Sta tiou 
Plant on the basis of maximum demand, the a llocation of the total c-apit,1! 
L'Xpenditure is as set out in the following schedule:-

CAPITAL EXPENDITURE. 

On Tramway Supply .. 
On Street Lighting 
On Motive Power Supply 
On Private Light and. Heat 

Total Capita l Expenditure 

£65,580 
23,150 

129,500 
181,770 

£400,000 

It must be remarked that while the allocation anived at in the ,1 boYe 
i;, reasonably acc urate, it is quite impossible to arrive at more tha1i what 
rnay be called a close approximation. 

A s ub- station, for instance, will be used for private lighting, po,~er, 
and street lighting switching. Certain mains are a lso used for all th1ee 
services, but on account of the specia l condition s of the supply, as e:­
plained in the foregoing, the division of cap ital expenditure is probaily 
easier in Durban than in most other systems. We are now able, therefoH,, 
to a llot to allot capita l charges, which will be done in the proper place. 

'l' urning now to ,,rorking Expenses, these are diYided up in the Dm·brui 
Expenditure Accounts under the following heads:-

Generation. 
Distribution-Overhea d Mains Maintenance. 

Underground Mains Maintena11ce. 
Snb-stations. 

' House Services-Meter Reading and Meter Repairs, etc. 
Street Lighting-Repairs and attendance on street lamp;;, 
Salaries-Incli.1ding locomotion , etc. 
Sundries-(Rates, Rents, Town Treasurer and Town Clerk, etc.) 

In the case of Generation the a llocation we are arriving at is made 
on the basis of the number of units supplied. (It is not necessary for 
determining purely working costs to take load factor in to account.) The 
allocation is not strictly correct. For instance, the single phase lighting· 
&,n d heating supply being at practically 100 per cent. power factor is mo1·~ 
favourable than the three phase power service, which sometimes drops as 
low as 75 per cent. But we do not enter into refinements of this kind. 
Th, re is, however, one poi1it which must not be lost sight of, and that i,-, 
the difference between the cost of generation of the unit at the switch­
lioard and the same cost per unit sold, for the difference is in some 
s upplies much greater than others . Taking the Tramway Supply, there 
is no difference at a ll, because current is measured in the Power Statio11, 
:rnd the Tramway Department bear the cost of all the loss in transmission 
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rn1 feeders a 11d return circuits. The ;.;ame remarks apply to str eet lightin !; 
<·11I'l'e11t, because the irnits calc ulated ns used in street lamps ta ke note of 
losses in mains. The losses in moti,·c power supply from t he D.C. mains 
ne in the neighbourhood of 7 ½ per cent ., \\'hile on the Bulk Supply at 6,600 
,·olts they do not a ,·era ge more than 3 per cent. to 4 per cent. On t he 
li jthting- and heating supply, however, the losses are of an entirely highet 
orde r. There are losses in high tension, low tension mains, transformers 
n nd meters. Tbe la s t two are, of course, independ ent of the load, nnd as 
the lo.1d factor is poor, a nd conseq uently the size of transformers a r c high 
in proportion to the cunen t sold, t he tran sformer losses will a lso be 
abnorma ll.v heav_v. Further, the number of transformer feed ing point.-; 
on a scattered residentia l network is abo high, which means that the · 
eapacity of the indiYidual transformers is much aboYe the maximum load 
on t hem. In the Durbnn s~•stem t here are uo Jess than 89 transforming· 
points, and the total single phase transformer capacity is 4,040 kilo;H1 w,. 
H may he in teresting to gi,·e a roug·h approxi mation of the losses which 
<,ccur on our scattered single pha,:e lighting an d heating· s upply:-

Transformers. 
4,040 k/ w-iron loss (say) :/ % for 365 cb_ys . 

(30.3 k/ w) 

Meters. 
6,800 meters-1.4 watts .1 ,·erage loss rn sh un t 

(9 .5 k/ w) 

C2 H. Losses. 
Asi; uming a loss at full load of 10 % in hig·h and 

low ten sion mains and transformers-686 k/ w 
hours per day 

Units . 

2GG,000 

87,000 

251,000 

604,000 

This loss is ;;omewhat higher tha II the fig·ures obtaiued from actual 
res ul ts, but it shows that a scatterecl supply over a wide area involves 
heavy ullavoidable distribution losses. 

Turning now to the a llocation of genera tin g costs in the light of the 
a bo,·e, the method I have adopted is to flrri,·e at a figure of works cost 
per uni t as the switchboard common to a ll classes of service. Thi s fig·ure 
for the year ending 31s t July, 1915, being .366d . Tramway, as well as 
s treet lighting current lighting, is the same per unit sold for the r eason.,. 
mentioned, but the figure for rnotirn po,Yer pe r unit sold is .388d., .rnd for 
lighting a nd heating it is .425d. on a ccount of th e losses in di s tributi on . 

The Distribution Expenditure can be fairly easi ly divided up. Over­
hea d mains maintenance, for in stance, is in curred almost entirely on th e 
lighting-· an d hea tin g supply. House Services are incurred entirely on 
lightin g a nd heating and motive power, tbe far greater proportion bei11 ~· 
involved in lighting and heating, there being 7,000 cons umers concern ed 
},gainst only abo ut 350 for po wer. Street Lighting expenses are, of 
<'0nrse, a ll charged up direct to thi s service. 
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Some discrimination is wanted in the a llocation of the items of 
Salaries and Sundries, and, of course, differences of opinion are likely to 
occur in this connection . 

In the light of the above, the :.illocation of working expense:; and 
capital charges are made in the Schedule marked Table 2. The item of 
Borough Fund Contribution calls for a word of explanation . It i,.; the 
tharg·e made on the department in favour of the genera l funds of the 
town in aid of rates, and amounts to 4 per cent. on the tota l loa n f unds 
of the und erta l~ing. These funds amounts to £415,000. The con tribu­
tion levied on the dep:.irtment las t :v ear, it will be observed, was £17,336. 

· Pour per cent. on £415,000 is £16,600; the difference is accounted for by 
the fact that the undertaking has rontributed out of preceding- year:;' 
profits the s um of £33,000 towards capita l expenditure, a nd thi s amount 
is added to the loan liability for the purpose of calcula ting the con tribu­
ti on in relief of rates . For the purpose of this examination into charges 
for electricity, the contribution towards rates will be disregarded, as it is 
not n legitimate expen se charge, being, of course, a surplus yielded as ,1 

profit enrned by the undertaking. 

The fo llowing tabulation 1;; n S umma ry of the res ults arri,·ed at lll 

the Schedule:-

Total Tra m- Street Motirn Light & 
Supply. ways. Lighting. Power. Heating. 

Working· Expenses £48,522 £7,570 £3,891 £20,670 £16,387 
Capita l Clrnrges 31,938 5.253 1,837 10,212 14.636 
Total Expenses 80,460 12,823 5,728 30,882 31,023 
Revenu e 104,658 15,603 7,119 33,323 48,490 
Surplus 24,198 2,780 1,391 2,441 17,467 
Working Expenses, 

p . unit .66d .48d 1.07d .503d 1.23d 
Capital Expenses, 

" 
.434d .336d .49d .246d 1.10d 

Total Expenses, ,. 1.09d .82d 1.56d .750d 2.33d 
Revenue, 

" 
J .39d ld 1.92d .Sld :1. 64<1 

Remembering that we luwe ta ken 110 acco unt of the contribution in 
nid of r ates, it is clear f rom th e above that a ll the va rious cla;;ses of 
;.;eni ce a re providing a surplus, and we can now see whether the tariff in 
for ce in Durban is complying gwith the three conditions which we set out 
by saying that every properly devi sed scheme of charges should e;omrl.v 
with:-

1. Com'!iercial Soundness.-The charges are evidently commercially 
sound, no loss is in curred by any of the services, and the growth 
in the demand proves that the use of electricity is being encour­
aged. 

2. Fairness and Equity.-No complaints can be ma de on t hese 
grounds; all charges on the whole a re low. The critici,-m whic h. 
however, might be m:.ide is that the consumer of light and heat is 
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contributing an undue share of the profit. In reply to this, how­
ever, it has to be said that for purely lighting curren t 5½d., less 
10 per cent. , cannot be said to be a hig·h charge, an d in the sPcond 
place it has to be said that the consumption of heating units is 
in creasing at a great rate, and the average charge yield ed by the 
domestic consumer is rapidly falling. 

J . Simplicity.-The tariff is simple, and no lengthy expla nations a re 
required in putting t he diffecent tariffs before the cnnsumer. 

A few remarks 011 some of the tariffs t hemselves may be of intere~t, 
,,nd I commence with t he domes t ic charge, which has been deYised for the 
encouragement of electric heating and cooking. Attempts have hc-rn 
made for many years pas t to induce lighting consumers to take up P, lect.ric 
heating. The first thing in the way of a special tariff was by mea n-; of 
[Iyo meters an d a t ime-switch. It was felt that the cooking load ,-.ould 
not be encouraged if it increased t he lighting peak, so cheap currer,t was 
not given after 5 p.m. It was hoped t ha t cons umers wo.nld go in largely 
for small appliances such as kettles, irons, grills, toasters, hot-plates, 
etc., which would be used in the daytime and so save the ki tchen fire till 
the evening- meal, which is genera lly the principal one of the clay in tl:is 
<' otrntry. But the scheme did very li ttle towards achi eving t he eud in view, 
and practicall y nothin g bnt kettles and irons were installed. It was evident 
that for electric heating to be ;; u<-cessfu l there must be no res trictinn as 
to hours, and a local adoption nf the ' ·Norwich" system was rlccided upon . 
That sy,; tem, which wa s the pioneer in methods of clrnrgin g- wi ~hin the pn~t 
tew year s, and was a worthy successor of the illus trious ·· Maximum 
Denrnn<l" sys tem of vVright of the nineties. It has the irnrn,.•11 ,-;e nrh,1.n ­
tage ornr its preclecesR or, however, in its simpli city. The Wright system 
was a stro ke of ge11ius in the manner in which the corrert pri1:eiples nf 
<·lrnrging for current were fi r st embodied, but the practi<-al difli cnlri e~ nf 
using it with a large and non-techni.cn l class proved ton much f or it, a.nd 
after a period of meteori c , uccess it has now s unk prartica lly into ohli,·inn. 
The "Norwich" sys tem subs tituted a s a basis for the initial r hnrg-·e w!1ose 
f unction is to cover capita l a nd standing charges the rnnta l va lue of t he 
premises ; of course a s a scientific measure of these charges t hilrn is 
nothing to recommend it bu t its 'iimpli city. Two hon,:,es wit h ·:h3 s::t:ne 
rental value may cause greatly different standi ng demands ::i1, the 'll])ply, 
uut the sys tem of basing the maximum <- harg·e on t he rent >1 l is ,;ne t hat 
bears on th e consumer with some di1wriminatio11 a s to his capa eity to pay 
(which ha s a good deal to commeud it), and the laziest co11s11mer ean 
grasp t he idea without any trouble. The advantage to the ,,upply 
:1uthority is that no chan ge has to be mnde in the service arr:u1geme11ts, 
11othing more than the usual meter bein6· r eq uired. In Durban it w:i,-; 

almost impossible to fix the re nta l as the bnsis. Rents rnry accord ing 
to th e neighbourhood or according to the size of land, ete .. fac t :J!."'3 which 
haYe nothing to do with the size of the dwelling. Further, a g reat many 
people live in their own property, and rental val ue is not the eriterion fu r 
rates as it is in E nglan d. The freehold valuation forms the basis of 
municipa l tnxation in Durban, as it is, I believe, in mos t other South 



,'\fril·n11 tow11:- . Thi;-; ba;-;i,- \\'a s cho»en, therefore. n:- the 011e upo11 11 hil'h 

1-o fix minimum cha q.re:-. 'l'he,-;e c·hnrge;; n1ry from 4/ - per 111011th for n 

hon,-;e (witho ut t he ground), ndued at £200, up to :25 1- for n ,·alne ol" 

£4,800. A Clll'l'e i:- nppe11ded whi c-h ~holl'» holl' t he sale of l'heap (•u1Te11t 

10 t he lightin g eo11 »urner ns a dirert result of th i,-; tariff:-

k('(ART S/'IOWING GROWTH OF CHEAP RA re UIV/TS FOR DO/>/ESTIC 

AND HEATING Sl/PPLY &or P"W£Rl. 

3 , 000, 000 

.2 , 000, 00 0 / / ~ 

~ v 
~ 

1, 000,000 . 

YEAR ENIJIIV6JULY 3J' 7 . 

/ 
~~ 
..---

UIV t [ S A T /d. 
UN/ TSAr.2, . 

//NITSAT51.,.d 

A word a ,-; to t he eha rges to IJ oteb, re,;ta urnn b, et<· ., may be nf i111"e­

rest. Wb en t he va luation ;;ystem wa;; i11troduced for printte eon:-umer:-, 

11 11 examination of the Ya lu es of hotel a11d restaurant propertie:- 1n1s nl,-;o 

made. but t he figures s howed ,-; ue h cxtraordi 11 ary diYergencies "·ith 110 

apparent relation wh a teYer to t he a mo un t of elec t ricity co11:-umed th:i t it 
was e1·ide 11 t that as a ba,-;i,; for fixin g eleetric st.rnd ing c harges, the Yn l11 c 

of 1he propert~· wn,-; n,-;ele,-;;; , 011 a11 .1· reaso11 ab le ,-;c-a le which l'oultl hn1·L• 

bee11 chosen, some cons umers' rn i11imnrn 11·ould h,\l'e on ly uee11 :1 quarter 

of thei r us ua l bill , while ot her,-; woul d ha m had to pay two or t hree t ime­

;,,; much as t hey wer e arcu;;tomed to pay before the~• (·ould hal'e g·oL the 

be11efit of t he cheap r ate . Ther e wn s 110 option, therefore, but t o r equire 

,..ons umer:- who wi s hed fo r heati ng c urre11t to i11stal a rom1__1lete l.1• ,-; c:);lrnte 

i.:ircuit and to meas ure t hi ,; cons umption throug·h a ,-;eparnte meter. 
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There nre ob,·ious dis ndva11tag·es . There is the expc11se of the ,;pecia! 
(·i•·euit, :111 d the11 there i,-; the danger of the cons umer nccidentall y, or b y 
d,• .-ign, using t he c ircui t for lig·hting· purposes . Jn order to di stin g ui s h it 
., " much m; po,-;sible all heating main ~ han e to be rn11 in scr e wed steel 
tubing, wh er eas lighting wires are u,mally e nc losed in ,;implex. 

A word 0 1· t,rn may not be out oJ.: pl:1ee in regard to the effect of t he 
he,i ting dernn nd 0 11 ma i11s. Those who hn Ye hes itated to e:iter fo r this 
,-,ei·Yice 011 :1eeo1rnt of the large derna11ds 011 the main s hn ,·e had their fea r s 
,\'(•l l fou 11ded, especially in the case of D. C. s ystems. · Jn fact, I ~hould 
I 11iuk it is 11ot go in g too fa r to say t hat direct current s.vstems ha d better 
ie,,,·e it alone, or el,;e get changed over to A.C. a s soo n as possible. lt 
1rn11ld be a pit.v t o reli11quish this bra11ch of po;.;sible reve11ue nnd to have 
t•J mak e the ndmis,-;ion tlrnt the field is beyond the reg·ion of electricity's 
JlO">'ibilities. l~rorn th e exp erien ce in Durban , and lea,·in g out for the 
11rnrne11t the main s problem, I am sa ti s fi ed that electrie hea tin g ca n now 
do nt lenst as " ·ell as gas, a nd wh e11 ,-;o me more irnpro1·ements are made in 
,1pplia11 ees will beat gas hollo1Y. I am also satisfied thnt efficient plan ts 
1·;111 ,-;ell c urre11t profitably nt rntes for hea tin i!· low e11oug·h to create a 
_'.!;ood demand from consumers. But the mai11,-; questio11 has to be truckled 
,-e r, o usly. Th e difficulties, holl'eve 1·, with A.C. systems are not i11 super­
;il) !e In Durba11 we ha1·e the usual comparnti,·e ly sparsel y populate,1 
rp,.:;dential distrid and use 01·erhead mni11 s, three 19/ 16 C'onductor;; bein g 
""r ,-;tnn dard , 11·it h 400 ,·olt,.; ac ros-; o ute rs . The hi ;d1 tension main <s a re 
i1 1 11e11rl_v 1111 cases laid u11tl crgTou1Hl, a11d it j,; our pn1etice to drop iii 
1 rn11sfo rme r ,-; nt 11e11· feedi11g· po ints :1s the loar1 increase,-;. ,vhen the ne w 
ln riff wa,-; put into forC'e th e whole r esid ential district wa s re- s nl'~ey ed 
i'ro rn the distribution poi11t of view, and thirty or more new transformer 
pit,; 11·e re buil t at likely ,-pots and 11e11- high tension fee der routes arrang-ecl 
to p:t ss these poi11t,.; so :1,-; t o be ready to deli,·er current to the network 
11·herc1·e r the addition,tl eooking load wa s causing· u11du e drop. The re 
,: re 11011· :l a- n1:111y as 89 trn11sformin.c:· poi11ts in the town, and the conse­
q uell(•e i,-, tlrnt t he outlny 011 low tension main s is 11 ot hea ,·y :111d pr()s ,rnre 
throng-hout the a r ea is goo d. f renli,-c that i11 the r es id ential parts whern 
1 he r·ook i11g· load is gro ll'i11 g ,-;t ill more of t hese transforming poin ts must 
h<' put in. J t hink these are the ri g-h t li11es to go on. It i111·oh ·es certa inl y 
,1 fe w mo,·e t rnn ,-;forme r ;.; tlrnn ll'hat would be wanted if the transformi11g· 
1•oi11ts ll'ere more <'entra lised, but one mu,-;t ha,·e the transformers ,-;ome­
\\' he re. :111d :1 trnnsformer b,v 11 reputable m:1ker is :111 ext re mel.v r eli 11blc 
1> ier e of pl:111t. The system :il so requires :1 rather exte11siYe system ol' 
I !.T. fee de r,-. In fart. it soon be<' ornes a system of di ,-tribdor,; :1-; we ll 
"" feede rs . but e1·en here there is little trouble. An nrrnoured eo1wc11tri <· 
1·.tble fo r 2,500 1·olts c·nrefttll~· jointed :111 d laid well out of hn rm ' ,- way 
~c ld c- rn fails. 

,\s to t he c-om rn e r ri:il so u11d11 ess of a c:lrnrge n,-; l01Y a :,; Jd .. Jes,-; 10 per 
<·011t.. 11· hic·h is .5Gd .. 1rnll, the fig·urn,-; of 011r re1·e11uc and working· <'Ost-; 
~<' e m to pro1·e t hat we :ire 011 the rig·ht ,-,id e . Of course T r eali se thnt t h1e 
,1,ern_ge pric·c fro m the lightin g- n11d heati11g eo11,- ume r, 11 0w sta udin g· at 
:l.Gd .. ll'ill begi 11 to fall rnpidly, n,-; the numb er of ~ units inr·rcu,-;e, ]Jut 011r 
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total expenses, including capital, are only 2.33d., and it must not be fo1·­
gotten that working expenses also decrease at a great rate as the output 
increases. 

In this connection I feel I have not laid as gTeat stress on the matter 
<if reduction of total costs per unit with in crease of output probably 
because I felt that the reason for it is so well known to electrical eng·ineers, 
tl1is reason being that the stauding charges, which do not increase much 
with output, are so much greater than the costs, which Yary with the lo>1d. 
Of course we have to bear in mind that increase of output is not of great 
\'alue without improvement in load :factor, but it is just improvement in 
load factor which cheap units mean to us . Another important thing to 
bear in mind is that great efforts must be made to keep down the co,il 
figure. Of course with poor load factor the cost of coal is not a large 
proportion of the working expenses, but as load factor impro\'es, this iten, 
beg·ins to ba1·e a greater and greater effect on costs, and one knows that 
every unit generated means a definite quantity of coal, and this figure 
!ixes the ultimate moderation o:f charge,;, and if it is a high one quite 
debars selling current for certain purposes for which a low tariff is essen­
tial if the business is to be secured at all. It must a lso not be forgotten 
that e1·ery additiona l unit sold puts the undertaking in a better position to 
,ell another, for the operntion of supply and demand in the busine,.;s oi' 
electricity production works in the exactly opposite way to the "1·iciom; 
<,ircle," we must coin a new term a nd call it the "beneficient circle." T!1 e 
more yon sell , the cheaper you can sell it, and the cheaper you sell it, t!tc• 
greater will be the demand, and so on "ad infinitum" almo;-t. Almost, 
for the cun·e will be an asymptote to the coal lin e. 

]" i!ppend as perhaps o:f some interest two charts, one showing- prn­
gress in output, working costs, etc., of the Durban system since 1005, the 
other ,;howing the reductions made in reYenue and working costs per 1,,1it. 

I would like to make a few remarks in conclus ion on the mattei· nf 
tariffs for electricity generally. As I remarked at the outset ot t.l,is 
paper, the fixing of tariffs for current is perhaps the most difficult (11,-k 

of the electric supply engineer. vVe havz to continu ally cater :for ,.;pe,·i,il 
<:ases, each of which seems to require a special rate if the business i.< 1.o 
be secured, as 110 existin'g sca le is applicable, a nd so special term-; lrnn 
to be offered. The rock to be nvoided is, of course, business 11·h1rh i:-: 
110t profitable, but we have always to bear one important :fnctor in mind, 
,llld that is that in making a bid for a new dem:rnd a rate which mn.y 11 ot. 
be paynble at firs t 11·ill yield a handsome return when a large ontput Jin ,; 
beeu culti n1ted. Take the heating business, :for ins tu nee. .:\. .,ln tion 
with ouly a lighting demand must hal'e comp:1rnti1·ely higl1 worki11,,: 
t·xpenses, say ld. per unit.. If this figure is taken as the lo11·e,.;t nt whi<-h 
eurrent can be offered for cooking purposes, then no considerable ineren,.;(• 
i1: output c.111 ever be expected, but if, say, a halfpenny is fixed :.s tlil' 
eharge, then a lnrge output will soon be secured and the working expem,c~ 
may be reduced to s uch a figure that the new rate is quite profitable. 

The next point in these conclud in g genera l remarks is that one should 
never forget that the old "'Vright" system, though now abandoned ,o f: 1r 



TABL£ 2:.--- SHOWI NG COST OF VARIOUS Ci>.ASS£S OF CURRENT SUPPLY. 

-· TOTAL: - TR/IMWAYS . STREET L/6H TING. MOTIJ/£ POWFR PR/YI/TE L/6h'TIN6. 
CAPITAL EXPENDITUR E . i;.00 . ooo 6s. sao . 23. ISO l2J, SO O 1 81, 7 70 

I/NITS GENER/J Tt:IJ . 18.775, 8 13. 3,7'-'-, 880 . !JOI , 165 . IO, .I/Jlf,768. .3, 695, 000. 

UN ITS S OLD 17, 65.9, 922 . 3 ,7#, 880 .90 1, 165 . 9 .8-25, 395 J ,IBB, 478 

Toh/ ( osf 
IJ.- ,:.,,n,, /,,: , un/1 

Tof,1 I Cos r 
Pt1 r v ~ ,r. 

7ofJ/ Corf Po ,,,,. 
rot•ICo.:. / Pe,, " "' ' r lTid,1 1 C os t 

Pu ~ , r 

Cosr c.r Pl"loD41C T/O /V ,,e11•••'" Jold 1-e-~,,,,. Sold <;t. .. (f',1f,r,r S ol « r ..... ,,,t• S0l 1t l(iell•r,.. f'•tf So ld 

Gt:1~r~f'1c "' 28. • 70 . 366" ·3118d' s.720. Jt, ba' 366d' / _ 3 1 6 ·36tf 3Hd IS, g,;,o J 6rd 388. 5 , 65',,, J6f.<r q ,lSJ 

Ort rl1t1.z# ,M,11,s /llfeA#,111 ct1 . I , /;,l J ·OZO JO O · Od 200 oos 92 3 -0 69 

iJ,..-e,~,-v,.• ~ s"·hsf~fit1 ,.s 790 ·OIi I 00. ooo• 10 0 0,27 ,200 .JOS 390 ·C28 

#OI/S t 5 t 'l't',-Cll$ . 3,202 •01;2 t,()O / tJIS 2,602 19 5 

S,1/J,..1u ,1'1t/ll', ,1 ):,~y. de 7,!JIS ·108 ~0 0 0 , 06* 50 0 . ·/33 z, 000 0 /;9 11, IIIS_ 332 

Aft,,,(r,,. (' t ~,. sl,u f lu•)>s 1,215 ·0/6 /,21.5 . ·322. 

s~,,a'ri,s (,,.,, /s ",1 /es,t-lt:) .5, 303 072 7.50 . · 0118 400 -/06 I 750. 0 .-2 -2 , # 03 · /81 

ToT,.I w.,,r,-,,y Cos t l/8 .S2Z ·66d 7.s70 ·'18d 3,891 /· 034' 20,670. -503, 16 ,387 I 23d 

C.Al"ITAL C HA RGF.:r --

J1rTttre.sr. ~re. 16 , 371. 22 2,680 . · /// 9#!1. ·25'2 .5,300. ·/2!/ 7. ,{l,//2 • .352 

Rewu"'~ Is . 12. 77e ·17 2,095 ·/Jlf 7 ,yo ·/!JS 4, 11;0 IOI 5,803 · 436 

S,,.K1n.9 ,:-'v,.,JL' 2, 789 . -o~ 457 oz~ . / 6/ .oq3 903 · O.l2 I .2.6 8 095 

Toi;/ Cap,r,I CJ,, ,,-_~es . 31 !}38 . -,{13/ftt S 232 335,t I 850 il!Jd /0 J'l3 -2 S2d /4.,. 5 1 3 I 0!14' 

TOTAL Cosr 80, #60 . I 09tt. 12, 802 82d 5,7,{II I 53« 31, 013 . 76d 30,900 2 3:Z 1 

..\'.er SuRT>Lvs 2.11. 198 2,801. •/8d 1; 3'18 ·37d 2,310 056d 11, 5 !JO I .J2d 

Bo~o ' Fu,,o C:,,...r,..14vrci 17. Jf36. ·2a1,, 2,81,0, · /Net . I, OOS 27.c S, 6:ZO 137d l,8SI -5 ,Qd 

TOTAL . 97,73 6 . I 3Jd IS, 6 62. Id 6, 7 '-6 18d 36,633 8JSd 38 751 2 92d 

R£cr1vcD 10*, 6S8 I 39d 15, (,03 Id 7, /19 /!Id 33,32 3 813d ,f/8,', 90 36.5a 

1.5'., ,Jlvs or D,f,c,ocr - 6,862. Sc)_ 373 3,310 3,739 

J'a.,),lus l.t,,/ici, ... .- y .f'11,-1'/V~ . .~t,cu u./' Su,~k• ; 

w 
CJ, 



:JG 

,1,-; it,-; detail i,-; conc·emed, embodied the 0111,v trne pri11c·ip:il of charc.;111s-: 
:fol' c urre11t, nnd one which we ,-;hould 011e day tr,v to achie,·e in al't11:il 
prnctice, and that is that e ,·el'_v consumer, be he a prirnte householder, .1 
hotel or restaurant keeper, a s hopkeeper or a ma11ufact11re r , ,-;l10ul.l )'"·" 
hi s proper shar e of capit:il expenses as a sta11ding- charg·e, :111d thr!I pay 
f v1· ,111 c urren t he u,-;es :it a figure fix ed to yield a smn ll return on th e 
,,·orking cost of d eli,·eri11g the c urre11t to him .. At pre,-;e11t it seem,-; \\' C 

:ire nm1ble to arri,·e at ,1 ,.;irnple method of allocating st:111di11g· rhnrg·c, Lu 
meet such n1ryi11g condition,.; :is present themseh·es, ,111d <·onsecp:Pntiy 
,-ome of our tariff,; are more 01· less haphn znrd, and probnbly r es nlt in 
,-,ome pa,vinµ· less and ,-;ome more than their foir sh,uc. But tho11gh :1 
<'0 11n sel of perfection, it i,-; 011e \\'hich we ,-;ho11ld aim t-o l'ollo\\' mor" <•t· 
less ,-strictly one du~' · The11 t he ,-;mall house holder w,rnti11g· light nn<1 l1t-: • L 

r,ould pa,v us , say, 7/ G p er 111011th as a sta11ding <·h:Hge :111d J. for :ii: 
<·mTent he con,; umes, and the hil'ge po,rer 11ser ,ro1ild gi,·e 11,-; , sn_v, El .OtJO 
a year minim11m ,rnd -½d. fo r c urrent. t::,·eryone would then be tre::ictl 
.ili ke, and each would be satis fied that he was not paying· more th:111 1,c 
nught; we should ,;ec ure th,tt e ,·ery con,-; 11mer wa s a profit;1ble one to the 
,-; upply, and we ,:; hould then be ,;elling at rntes attracti,·e e11o ug h to yield 
t he maximum output the nren co uld absorb. 

I must apologise fo r thi,; s omewhat i11complete prc,-;entntion ot :t 

difficult and complicated question, and I hope tlrnt nny benefit which 11,:1.,· 
be derived will fo llow from the di,;cus,-;ion whi c h I hope member,; will ]1<• 

i11duced to co ntribute. 
An intere,;ting di,-;cu s,; io11 followed, i11 which the nrnjo1·it,v of membt•1·, 

took part, but o\\·ing to pressure of time it wn,-; decided to ,1djoum nnd lo 
c.:o ntinue the discu,;sion at th e 11ext opportunity, the Preside nt undertal: i11 .:.;· 
l o prepare hi ;; c.:ontribution to the di,c;cnss ion i11 the rnenntime. 

The tha11 k;; of the meeting to Mr. Robe rb for hi,-; paper ,r ere prepose·I 
Liy the Pres iden t and !"eco11ded by Mr. Lon g . 

(NOTE.-O\\'ing to the pres,;nre of busin e,-;,-; mnttc rs it wa,; found 
impossible duri11g the rem:1i11cler of the wee k to gi,·e Mr. Hobert,-;' p;1pei­
l he time required for a f ull and exhaustive di,-;eussio11, :111d it wn s d cei(1p,I. 
i11 vie" · of the importance of thf' ,-;ubject nnd the ge11eral de,- ire to Ftlifi., · 
the questio11,-; rai,-;ed more thoroughly in dcb1il. that thi,-; pape r slw,, ld hP 
ta ken agai11 at the nex t C'o11gre,-;,; nnd opport11nit.,· gi,·e11 for :1 f' 11ll ,li,;c•n.:-­
.~ ion.) 

Th e dele~·n tes left the To\\'11 llall nt 12 110011 in motor <·:n·,; ki11t!!.,· 
plaeed at their di,-;po,;nl for the Handfonte i11 Esb1te,- Gold :\1ining (' ,, _-,._ 
Po\\'er Stntion. lunehing 011 t he ,,·ay at the Grnnd H ote l, Kr11ger,-dorp, i,.,. 
t he kind ill\'it:1ti o11 of llube r t Da,·ie,;, J,;,-;q. 

The part.v nniYed nt. th e Po,,·er Statio11, H:111clfo11te i11. at :2.:w p.111. , 
:o11 d were welc-omecl b~· Mr. 'I'. E. P. Butt. Co11sulti11g F:l e<-t ri<·nl l-~11Q·inN' 1· 
to the Compnll)' . 

Th e. yj,; ito r,; "·ere <·01Hlu<-ted rou11d the ,,·hole of t he pl:111t i!! det n il 
h~- ":\ir. Ru tt :111d hi ,-; ,-;tnff, ancl left nt 5 p.m .. h ,1Yi11g 011,idyed a 111 0,- t 
i, 1,-;trnC' ti,·e :111d i11tere,-;t i11g· ,·i,-;it. 
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POWER STATION. 

Total Station Capacity :-26,000 K.W. 
~uh-Station,; :-11 in number. Total Capacity :-37,000 K.V.i\. 

Tran s mission Ca ble :-45 miles approximately. 
System :-Three phase. Voltage :-6,600. Frequency 50. 

PRINCIPAL DETAILS. 

Turbo Generators.-3-6,000 K .W., 3-2,000 K.W. , 2-1,000 K.W. Type: 
Parsons and \\'esti nghouse. 

Switchgear.-Electrically a nd a lso mechanicall_y operated remote control 
1Vestin ghouse Type . 

Boilers.-24 uni ts in bank,; of 4. 
Heat ing surface 4,780 sq. ft. 
Grate Area 120 sq. ft. 
Superheater 900 sq. ft. 
Economiser 3,200 ·sq. ft. per t" ·o lJ oiler ,-:. 

En ch boiler capable of providing 14,000 lbs . of stenm per hour 
at a pressure of 160 lbs. per ,;q. in ., and s uperhented to 500 de~Tees 
F a lu. 

Transformers.-Sb111dard Unit,; of 500 !CV.A. Single phase, oil- cooled. 
operated in ba nks of 3 delta- delta conn ected. Primary Volts 6,60(1 
with tappings for 6,450 a nd 6,300. Secondary 2,200 and 500 Volts. 

Cables.-3-core paper in s ulated, lead sheathed an d steel a rm oureJ. la icl 
direct in grou nd . Workin g Yoltage 6,600 . 

Cooling System.-1- Enclosed, natural draught to wer, capn c it_v 1 ,000,000 
gallon s per hour. 

1- Open Tower, capacity 600,000 ga llons per hour. 

1 - Spray System Resen-oir, capacit_v 1,000,000 ga llon s per hom. 

Coal Bunkers.- Total Capacity 3,200 tons. Extra bunkers 1,800 tons. 
Interior bunkers 440 tons. Present dai ly <'on snmption: 400 tons 
per day (approx.), seYen clays per week. 

Works Cost-Maximum .2181, minimum .1904 for 1915. Average for 9 
mouths .2039, including all charge;-, with the except ion of in ter est 
nnd r edemption of Capita l. 
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THURSDAY, NOVEMBER 18th, 1915. 

The Congress met at the Town Hall :it 10 a.m. Mr. Y\'anl, City 
!Llectrical Engineer of Newcastle, w:is present for the fir,-;t time, a11rl 11·as 
heartily welcomed by the President and members. 

Mr. Bellad-Ellis, City Electrical Engineer of Quee11stow11, the11 re:icl 
the following paper:-

DIESEL ENGINES AND LI QUID FUELS. 
Some time ago I received an invitatio11 from Professor J. 11. Dobso11 

to give a paper on Diesel Engines at this Congress. The request caused 
me 110 little surprise when l considered the splendid abilities possessed by 
South African Engineers ge11erally (but more particularly on the Rand) 
who are noted in Europe for the magnitude of the uudertnki11gs for which 
they are re:sponsible; in fact, the Rand is undoubtedly the f\Teatest elec­
trical centre i11 the world, with, I belieYe, Newcastle (E11gland) as a fair 
;<econd. This, however, is beside the subject, except to show tliat it was 
with cc-nsiderable diffidence I, as a small member of this great community, 
1111dertook to tackle the subject, when I remembered it was to be preached 
(so to speak) before and to the leading lights in Mechanic:il a11d ·Eledric~11 
Engineering in South Africa . Keeping this in Yiew, there is neYertheless 
np doubt in my mind that when big minds are occupied desig11ing· a n:l 
earrying out big schemes, it is more than likely that the great possibilitie-.; 
a11d advantages of thi;.; particular class of engine may be ovmfooked. 

It has within recent years (i11 South Africa at all ernnts) bee11 :1 

:- omewhat troublesome problem to find financial ways and means for the 
extension of existing s_chemes. These mny- take the form of long len12ths 
of expensive cables from high tension sources to supply power and lightin1~· 
through static or rotary transformers over considerable distances, and I 
am bold enough to declare that in some instances at least these enormou-.; 
expenses could be considerably reduced by a consideratio11 and adoptio!1 
0f the Diesel engine as a prime mover fixed upon :et suitable site within the 
area to be developed . In making this statement I do not mean to say 
that the Diesel engine should be the last word in any such area to be 
supplied with power and light, but as :i temporary measure, pending the 
f ull development of a district to such a time as the output would warrant 
the extension of the aforementioned expeusive high tension cables, etc.; 
in brief, to use the Diesel engine of moderate H.P. to deYelop an :iren, 
during the whole of which time a surplus revenue could be relied upon in 
the first year, in place of waiting possibly for year,-; for the revenue to 
cover the interest on capital charges. 

Before touching on the practical running- of Diesel engmes, T will 
give you a striking example of what' can be done and the actual expei·ience 
of a South African Municipality situated 150 miles from the coast 1101r 

using three only 100 B.H.P. Diesel engines .. 

The total capital cost was £12,800, including two only of the above­
mentioned engines, 63 K.W. direct coupled to 460 volt generators, together 
with the usua l Balancer, Booster, Battery, Switchboard, and outside over-
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heM1 and und erg1·ot111d work, st reet :1rea say 18½ miles, quite a modest 
little scheme; and yet although the scheme commenced with street lighting 
only, ,,rnd during gthe first twelve mo11th;- gradually added 400 consumers, 
1! nernrtheless made a surplus of £480 in this first year after allowinf; 
(i per cent. interest on capital, 1 per C'e11t. Sinking Fund, and 2'/ per C'ent. 
depreein tion ,ill round. 

] would here like to mention tlu:it in eommencing thi::; paper 1 lrnd i11 
111i11d small areas in round and about large cities like Johannesburg and 

· Cape Town over a radius of, say, fiv e to tlrnnty miles, where s imilar plants 
<·ould be made a success, keeping in mind tbe ultimate possibility of linkin!!.· 
up to the centra l or main s upply when the loa d wan;anted the <·han;!·e . 

The foregoing expereience, I think, speaks for itself, rn1d should give 
engineers confidence in the low running costs of these engine;-. 

Thi;; paper is not meant to acherti;-e any particular scheme or maker 
of Diesel engin e; in fact, the efTicienC'ies of Diesel engines are very much 
the s,1me, provided they are made by n reliable maker, and . if l now sho\\' 
you what can be done by a small staff of moderate-paid men, it will hel p 
to emphasise the economical pos;-ibilities of these engines. For in,..tan ce . 
c1t one town in the Eastern Province there is a Manager who is nlso an 
Engineer, an Assistant who is a Mechanic, an Engine Attendant and :1 

SwitC'hboard Attendant-four men in all-who carry ont the whole d1Jties, 
and !ut,'e maintained an uninterrnpted supply day and night for three 
Jears without any hitch or breakdown whate,·er. This is done quite 
easily ;rnd without undue strai n upon anyone ( except perhaps the l\fan::i­
g·er, who sometimes takes a s hift and has somewhat longer hours than his 
staff). But to resume. Until quite recently 110 member of this staff had 
put in more than 48½ hours. per week, and the station could in addition 
have doubled its day load with the additional cost of fnel oil and a smnll 
1111antity of lubricant; and again, although only in its third year, ' a third 
engine has bee n added to cope with the increasing load . This engine was 
neded by the resident staff-no expensive tra,·elling expenses brrnging 
unt erectors from Europe was necessar~,. This is a most importa nt point, 
and this by reason of the s implicity of erection and the excelle1:t drall'ingc; 
s upplied b.v the makers; indeed, there has been quite :111 air of mystery 
when imported erectors have been on the job, which is, after all, so mur-1., 
bunkum, and tends to make eugineers s hy of adopting this engine for fem· 
of some great intricacies or unlooked-for fault~, de,·elopment. There i-, 
;1bsolutely no necessity for any ::;uch qualms of conscience when co,:tem­
plating· the introduction of this engine into any scheme, becai1se a good 
ntter can easily carry out the erection by paying strict attention to his 
working instructions supplied by the ma ken,. 

With regard to the working principles and efficiencies of Diesel 
<•11gin es, I feel it is almost presumption to give this influential gathering 
of Engineers any information on the subject, as most of you must be 
<·onversant with the working principles of a Diesel engine, but for those 
,vho have not had an opportunity of studying the s ubject, I will now pro­
"eed by giving you some of the efficiencies obtainable with Diesel eng111e3 
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as a prime mover, and also any tips and running experiences which are 
the result of close contact with these engines since their advent in 1908 
into South Africa, together with a study of fuel oils (a most importan t 
matter in connection with Diesel engines, and indeed with Engineer,; gene­
rally in steam-dri\·en stations). The question of fuel oils will be deillt 
ll'ith later. 

These engines were first introduced into South Africa for power­
,,tation use at Uitenhage, and because it was, so to speak, a dive into the 
unknown for South Africa, it received opposition from the Go\·ernmenl 
Department at that time controlling these matters-(tbis is a long story 
and very interesting, but is too long to introduce here). J-Io\\'ernr, we 
ultimately pers uaded the powers that be to nJlow the experiment, with th0 
result that there are now-as you may know-about thirty eng·ines of this 
type in daily use in South Africa, and prejudice, therefore, nppears to be 
,lying down. 

I will first deal with the achantages, practical running a nd operation 
(If these engines, and after\\'ards touch upon the fuel question and th0 
technical side. 

Among the foremost advantages obtained with thi,; type of engine n re 
re liability, accessibility, easy starting, low running costs, ea;.;e of opern­
Lion, low costs for repair, no stt nd-by losses, great stregnth and liberality 
of materials used in constrnction, and, most important of all. its ability 
to use almost any grade nnd grnvity of liquid fuel (e\·en t.ir), aml nlso 
'.ubricating oil, without any readjustment of the valves. 

We will t,1 ke reliability first. Provided a snitable man is employed 
(not necessarily a man from the maker's works), you may have no fear 
of a Diesel engine letting you in, and as the strongest evidence of this f 
inay mention that out of thirty Diesel engines at present in use in Sout!, 
Africa, and s ince their introduction at Uitenhage in 1908, there ha s not 
been a breakdown of any serious description, although the two original 
erectors have long since left this country, and I am in doubt whether any 
firm of Diesel engine maker.· ha\·e an erector resident in South Africn, 
n11d so far as my experience goes there is no necessity for probable use rs 
;..:oing to the gTea t expense of getting erectors out from Europe, as already 
mentioned in my opening remarks. A further evidence of their reliability 
is the fact that since October 15th, 1912, two of these engines of 100 
R.U.P. each ha1·e bee11 running alternate days for eight to twelve hour:< 
per day, and have always been ready to take up their load, and a failure 
of the sen-ice has still to be recorded, the mains being alive for e1·er:-' 
twenty-four hours during that period. There does not appear to b~ any­
thing· of . an experimental nature about this performance, and it speak , 
volumes .for their great reliability, which immediately brings me to their 

Accessibility. 
It must be ob\·ious that to maintain an uninterrupted supply for -o\·er 

three years with two eng·ines running alternate days that the only time 
:wailable for repairs or adjustments, changing of valves, etc., would be 
the intermediate day ~Yl,ilst a set wa s nt rest. This period has been 
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found sufficient to make all repairs, eYen to scraping in of main bearing,, 
and the periodical necessity of dismantling the air compressors; all these 
matters have been comfortably dealt with in the time anti lable. 

The changing of fuel Yalves, exhaust vah·es, inlet vah·es, etc., are all 
rnry simple matters, although the final adjustments, which meau very fin e 
dearances to se1·eral thousandths of an inch, take some little time and 
care. This is where a careful Engineer comes in, and is the very e,:sence 
of good and s mooth running; however, with constant practice this beco me,; 
•1nite e,(sy. 

Fuel pumps are used by all makers of the Diesel for forcing fue l oil 
into the vicinity of a fuel iulet valve of each cylinder when a pressure oC 
nir is admitted at the right moment to force this charge of oil into the 
,·ylinder at the moment of highes t compressio11. These pumps anLl fud 
rn!l·es are some what complicated, bnt on account of their accessibility arn 
p:isi l~, adjusted, and require onl y the ordinary experience of the m·erng·e 
fitter. 

Starting. 
The method of s tarting requires careful ronsideration for the be~·in11-

11 er, but, like everything else, becomes sec6nd nature when the engine lrn s 
been in use so me time, .the whole operation from the time of tnrni11g- 011 
your fuel oi l to putting a full load on to an engine requires only 60 to !)0 
,;econds; it can in cases of emergency be done much qui c ker than this1 

e1·en as low as 30 to 40 seconds, and this without any preparation what­
ever, the engine being always ready to · t::ike its load, because you h::i.ve Ill) 

!tea ting apparatus or other auxi liary meau s of as,-;ist ing vaporization, all 
of which ta ke up the time in any other type of internal combustion engrn e, 
an d build up stand-by losses . 

Strength of Materials. 
It mus t be quite evident that the expansion stresses are gre:cit owin ~· 

to the rapidity with which he:cit is g·enerated and a full load attai11ed. 
This qu ick ri se in temperature is compensated for by liberal circuln tin~ 
1.rnter spares and liberal ma ss of materials used in their construction; 
indeed, this 1·ery important point is s till occupying the rninrl s of our fore­
most Diesel engine makers, especia lly with regard to the ndequate coolin:·; 
,,f the piston he:cid. However, so far as South African experience goes , 
i-here are no evidences of trouble on this score, and we may safe ly con­
<·lude tha t this trouble has been eliminated, a lthough it may reoiuire specia l 
t,ttention in eng·ines of, sa y, 1,000 to 5,000 B .H.P. 

Operation. 
In operation, the engin e, owing to sensitive g·overning; run s particu-

1arly smoothly ; the governor automatica lly controls the supply of fuel oi l 
to the· fuel Yah·e ai1 d is :cictua lly measured, and is in direct proportion t o 
1 he load at all times . Indeed, a full load can be put upon these engines 
ins tantly from 110 load with scarcely one per cent. nuiation in the speed1 

I he on ly attention required being an occa s ional rel ease of the intercooler 
pressure and noting that nil lubricating devi ces nre in working order. 
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It is a well-known fact that r unning costs are principally superl'ision 
r-osts in most types of prime movers, but in the case of a Diesel engine 
you will obserYe that as we have such a reliable engine, pnwtically intle­
,-,tructible and automatic in operation, that the human element is not so 
entirely necessary; indeed, one driver can easily take care of three engines 
running ,;imnltaneously, aud then find time to grind in a \· ,ilve or make 
,cma ll repairs, etc. Thi:,; consequently only requires the senices of a mau 
11 t a comparatively low salary, and is the only cost other than fnel and 
lubricating oil. In brief, the tota l station costs for the production of a 
B.O. T. unit are in the . neighbourhood of 1.1 pence at a station situated 
150 miles from the coast, and paying· a fair ly high price per gallon for 
fuel oil ; this must be eonsidered good for such a low power ed engi:1(' .. 

Repairs and Maintenance. 
Repairs should and can always be carried out on the -site. This wil.l 

;iecessitate a small lathe, and mostly consist of grinding in valves en•ry 
two to six week according to the calorific Yalue of the fuel oil a 11d the 
,:mount of foreign matter, acid, asphalt, etc., contained therein , and also 
its specific gravity, all of which I will deal with later, and which requires 
eareful consideration by the Re sident Engineer. In practice we lrn:ve not had 
expensive repairs, the worst being two cracked exhaust valni guides, eost­
ing· 15/ - each, This has been discovered to be purely a ques tion of 
(•xpansion; the guides being· screwed down too tightly had not suf1kient 
room to expand, and sudden rise in temperature cau;;ed a crack. These 
nrn guides are still in use, having been repaired. Experience has now 
eliminated any further trouble on this score, and with this exception 110 

1:ew parts htn-e been necessary, and only the abo,·ementioned rene,n1b 
haYe been carried out, all of which are clone by an ordinary fitter. 

Depreciation. 
The depreciation of a Diesel e11gine, J \·enture to sa~·, is at present. not 

ensi ly arrived at, and certainly is in direct proportion to the :1bilit~· of the 
men responsible for its upkeep. and provided they are g·i,·en ordinary cnr,, 
will lust ;1s long as any ,-;tenni engine. 

Adaptability to use Different Grades of Oil. 
It is certain that during the •life of a Diesel engine different gra<les 

nncl qualities of fuel oil will be met with, but in order to show how per­
fE.ctly these e11gines autc-matically adapt themselYes to different fuel;;, it 
l\'ould be practically impossible to obserYe any change in the n111ning· of 
nu engine of this type if, quite suddenly, n change were made from a •heavy 
residual oil with a grnvity of, say, .94 and a calorifie Yalne of 20.500 
B.T.P. per lb., and oil with a gnwity of .800 and a calorific value of Hl.100 
R.T.F. per lb., the control being almost instantaneous; indeed, lnbri­
e:iting c-il which has been filtered several times and is of 110 further use as 
,; lubricant can be mixed and nsecl with fnel oil and eonsurnecl in 11 s eful 
work. Of course it is qnite unneeessary to remind yon that \Yith a fuel 
oil of, "tl)', 20,000 B.T.P. ralorific Ynlue we get more power than from a 
fuel oil of, S,1)' , 19,000 B.T.U. 
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Before leavi ng the practicu I ,-,ide of thi,-, subject, it may he as well to 
<·xplnin the actunl workin g cyc le of a Die,-,el eJTgi ne-, which is very s imi lar 
to the Otto C'_yc le, a lthough t he double acting two-stroke Diesel is corning 
into \·ery extens ive use. For instance:-

1. On the first downward stroke of the piston air 0111,v is drawn i11t0 
li,e cylinder, and in most types of engines the air is drn.w11 through thin 
siots cut into the :1ir in let pipe to prevent foreign matter be ing· drawn into 
the (•.vli11der. 

2. This Hll' on the up stroke is rnpidly and high ly compressed. 
<·,1 nsrng great heat. 

::!. At the top of compress ion fuel oi l is sprnyecl through a pnl\-eriser 
into th8 cylinder, and in conseq uence of the nir bei11g at t hat momen t very 
hot the oil burns as it enters the cylindel'. This spraying· is not a momen­
rnry action, bnt is kept up during a great portion of the down ward -;troke, 
i11 fact almost to the bottom of the power stroke, and gi\·es the D ie~el 
rangine one of its greatest ad\·antages over any other form of i11ternal 
l'Ornbu;.;tion engine, inasmuC' h :1s it will be seen that 110 explosion takes 
place, but a rnpid expnnsio,n o,·er a distinct peri od of time, 1,·h ich tenll,; 
to g·irn tlrnt elasticity which is cha racteristic of the steam engine. 

4. Just before the end of the expa11sio11 or power stroke the exhaust 
vnh·e opens, which 011 the next up or exlrnust stroke expel,-; the prodnct., 
of cornbu,;tion into the atmosphere. These prorluct;; (•1111 SC'arcciy be 
c·,dled produds, ns it is impossible to ;;see anything le1l\·i11g _the exl1nu:::t 
pipe, the comb11stio11 being practieally pefect-a most, imporhrnt point 
11'11c11 C'onsidering this type of c11g·i11e for rcsiclentinl distriets. 

From the foregoing it will be noti<'ecl thn t :-

( 11) Air only i;; eornpre-;,-;pcl, therefore there i;; 110 cl.lllgcr from prr ­
ig·11 it-io11. 

(b) There is 110 earb11rcttor or othe1· mern1s of rnporising tlie oil; it 
i.s simply sprayed into the cylinder by nir pressure . 

(<") There is no uece;;s;t~, for nrngnetos or hot ti1bes for ig11i:ion. 
Most Engineers will k110w ·,Yhat n11 aclrnntage this is. 

(cl) Almc-st any form of res icltrnl oil c·1111 be used, e1·e1 1 oi l ,-; "·itl1 a 
hig·h flash point. 

From the foregoing it wi ll he plain to ,Ill E11g·i11eer tlrnt 11nder c>trndi­
!io11s uf great he11t, produced f'rorn the rapid compres,;io11 of ,1ir, /tre,1t 
l,eat radintion mnst abo tnke pince through the wa lls of t he rylincler,-; a11d 
the pi,;t011, eonsequently ample cooling wn ter spaces ,ll'e pro\·irlcrl, ,ll!cl it 
s hou ld here be note <l that the Diesel engiiie, li ke nll ol h<'l' i11te :·11,d e,,m­
bustion engines, ru11s best when fa irly warm, and t:1erpfo1 e ! he tf'111rwrn­
tuie of the rylinclers must not be brought too low b ,v " too l iber,d · 1,-;e of 
cooling· water. In practice ,ye find that with a 1,Pter i,ilet temperntu re 
,,f. 1-a,v, 70 degrees F. and an outlet temperntnre of 1:-30 ,leg·rne,; L !hnt 
:~·ood, smooth ,rnd e<'onomical ru rrning is ns;.; nrerl . 
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Efficiencies, etc. 

The thermal efficiency of a Diesel engine is as high ,1 s 38 per umt. 
The thermo-dynamic efficiency of a Diesel engine using oil at 19,500 

H.T.U. per lb. is far in exces,; of a gas or steam plant, bei11g as l1igh a ,; 
;12 .5 per ceut., and this cnn be t-aken to be fa irly con,;brnt over a wide 
range of s izes of engines; fro m 50 to 500 H.P. the efficicneies :1t i:iff0r8nt 
loads being as fo!Jows :-

½ load 27.3 % 
J loat1 :J0.5 % 
Full lonrl 32.5 % 

This \\'Otdd a llow, say, .8 per ceut. for plnnt los,;e,;, etc. 
It is well-known that the thermal efAciency of a modci'II r·ompoun rl 

i:ondens iug e1 1gine does not exceed 12½ per cent., and whil1-<t the steam 
h.ll'bine has grea tly improved upon this efficiency, it has still a long ,va:v 
to go before it approaches the efficiency of a Diesel engine in this respecl. 

The Mechanical and Combined Efficiencies. 

On a trin l of three Diesel engines of 100 B.H.P. each, the mechanical, 
~·e11erator and cornbined efficiencies were found to be greater at J lo,1 d 
than at full load (nlthough this is not a lways the case). They \\' .? re as 
fo lio\\',;:-

Meclrnnicnl efficiency 48.5 % B.H.P. 
I.H.P. 

¾ load Dynamo efficiency 81 .0 % E.H.P. Water 73 % F. inlet. 
B.H .P. 

Combined effic iency 39 .3 % ~ 102° outlet 
I.H.P. 

Puel oil .82 lbs. = E.H.P. hour 1.10 lb,; . K.W. hour .6G lb,-. per B.TI.P. 

Mechanical Gl.3 % 
½ load Dynamo 87.5 % Water 73 inlet. 

104 outlet. I 
Combined 53.7 % 

l◄'uel oi l .52lbs . per B.H.P . 
. 60lbs . per E.II.P . 
. 80lbs. per K.Vi'. hour. 

Mechanica l 70.8 % 

~ load Dynamo 88.5 %. Water 73 iulet. 
112 outlet. 

Combined 62.7 % 
Oil .492lbs. per B.H.P. 

.557lbs . per E.H.P . 

. 747lbs. per K.W. hour. 
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Mechanical 
Full load Dynamo 

70.3 % 
88.5 % 

Oil 
Combined 
.450 lbs. 
. 508 lbs . 
. 681 lbs . 

62.2 % 
per B.H.P. 
per E.H.P . 

K.W. hour. 

Mechauical 
5 % Overload Dynamo 

72.5 
88.5 

Oil 
Combined 64.2 
.448 lb. per B.H.P. 
.507 lb. per E.II.P . 

Water 72 inlet. 
11G outlet. 

W,1te r 7:l inlet. 
116 outlet. 

. 680 ll.>. per K.W. hour. 

It will scarcely be necessary for me to carr_v these figures fu r t her, a>' 
they speak for themselves, a nd, I think, s hould be a strong factor in 
t·nabling Engineers to come to a decision in deciding between steam and 
oil in moderate size plants; there certain ly appears to be everything i11 
favour of adopting t his type of prime mover for ;;uch purposes a s were 
mentioned in the opening lines of thi s paper. 

Fuel Oil , etc. 

This paper would not be complete if this important matter were nol 
touched upo11, as it is the essentia l of s uccess in an_v scheme adopting 
Diesel engi.nes. So fa~· we have not tapped supplies of crude oil in this 
country, a nd at present it is imported, a nd I may here mention that my 
:o team turbine friends can take note that this particular part of my paper 
~trongly concerns t hem. To proceed, we have to import ou r fuel oil , 
and, most important of a ll, we have to pay excessive railway rates for 
its tran sport to different parts of the Union. 'l' hese excessive r ates make 
the a doption of Diesel engin es a n impossibility to dozens of small Muni ­
,·ipalities throughout the Un ion , an d it is time pre,-; s ure were brought to 
bear to have t hese rates reduced pro bono publico. 

I will give yo u a paradox in the Railwa y tariff book und er the rla ssi-
1,cation of goods. We find fuel oil at third-class rates, crude road bed 
oil for laying dust fo urth -clas:,; rates . If by accident yo ur rai lway note 
says 20 ba rrels of liquid fuel it will cost yo u second- class rate, but tlrn 
peculiar point is tbis: The crude road bed oil and crude residual oil a-; 
used for Diesel engines is the same oil, with t he same fl as h point, an d 
often of the same specific gravity, conseq uentl_v if yo u care to ca ll it 
crude road bed you will get it carried cheaper. To carry this paradox 
further, ordinary petroleum has a flas h point of 120 to 150 per cent. F a lu. , 
:rn d is called dangerous and rated a t class 2nd. I f your cons ignment i ;.; 
ealled liquid fuel it will pay the same r ate,.;. Most liquid fuel has a n open 
fl ash tes t of 216 F. a nd a close tes t of 210 per cent. F., therefore is in the 
1,eig·hbourho_od of boiling point before it fl as hes over, and, according to 
the Board of Trade, is considered absolu tely safe for s torage a nd tran-
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sport-indeed, a ny oil from which inflammable vapour is obtained only 
when at a higher temperat ure than 73 per cent . F. is considered sale, and 
110 restr ictions are placed upon its storage, handling, or caniage, conse­
•1uently I fail to see why an oil such as this-the import of which is 
essential to the development of this country, and is for the general p ublic 
good-should pay excessi1·e rates when it is impossible to set it alighc 
except under proper conditions. It is fai rly well known that the calorific 
ni lue of oil fuels is in excess of the best of coal ; indeed, liquid fnel has a 
calorific value of at least 30 per cent. greater than the best Welsh coal, 
and it has seemed somewhat peculiar to me that so many power ,;btious 
,,till continue to do their steam raising with coal, using mechanical stokers, 
de. 'l'his may be the rno,;t economica l method when near a eoal pit, hut 
J .cannot see why our fr iends at the coast ports co uld not adopt oil fuel 
for steam raising when the relative heat values of oil and coal are con­
,, idere<l. 'l'he neces;.;ary appliances for injecting oil into all types of 
f urnaces are very simple of operation Rt,d easy of erection, and can be 
•' on trolled so easily that it is possible for one firemR 11 to do the work of 
eight. or ten. Add to t his convenience of handling saving of labour, floor 
space, cleanli ness, erpial distributi.on of heat in the furnace, no loss of 
beat through opening of murnace doors, a nd increased efficiency beeanse 
of the freedom from dirt and soot, and I think it would bear ronsideration. 
l•'or conven ience I giYe a few cornpnrisons of heat values:-

Calorific and Evaporative Values. 
It will be noticed tlrnt the evaporative value of any combustible .i'i 

a lmo;.;t in a direct ratio to its calorific value, and is a useful thing to 
remember. For insta11re, we ha,·e :-

Biturni11011 ,; CoRl 
Anthracite 
Wels h 
Coal Gas ( aYeragei 
Crnde Petroleum .. 

Calorific V Rlue. 
14.000 B .T.U. 
15.000 
]4.800 
21.000 
20.000 

Ev,1porati1·e Valu e. 
14.2 at 212 ]<'. 

15.5 
15.0 
21.7 
20.6 

To s um up, the heat utili;.;ation for 1 B.H.P. rn different prime rno1·ers 
kuown to-day is as under:-

Steam engrne with exhaust re<Juil"e,; 7000 to 10000 hea t 1111its 
~nperhea ter and conden,-;ing steam turbine 4000 to 7000 
Producer gas engine 3000 to 3600 
Gas engine without producer 2300 to 3600 ,. 
Diesel engrne 1800 to :woo 

In fi11e, the Diesel engin e directly converts the heat of tile natura l 
fue l into work in the cylinder itself, and is t herefore the simplest and 
most economica l prime mover. As a further and even more convi 1ic·i11g 
o:ample of the g-reat economies of this type of engine, I ma:v perhap~ he 
allowed to quote from an experiment carried out at the Turin Exhibit.iun . 
A steam turbine and a large Die,;el engine, both by the sRme maker, were 
worked together wit h the same lirg1id fuel. For the work in g cf the ':i te.im 
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turbine the whole boiler pbnt, with its chimn eys, fuel s upply apparatus, 
feed watei- with feed pumps, steam pipes, condensing plant, and an cno1·­
mous water consumption, had to be provided, with the result tlmt it eon­
sumed two-and-a-half or more times the fuel oil per B.TI.P. required by 
the Diesel engine standing beside it. The latter being an entirely frd e­
pendent engine, without auxiliary plant, took up its fuel automaticn ll y, 
a nd consumed it direct in its cylinders without residue or smoke. Lt is, 
perhaps, fair to s uppose that the steam turbine would lmYe been st ill ll":;s 
dncient if the boiler had been fired with coal. 

~ 

This paper would not be complete if it did not touPh upon not only 
the adaptability of the Diesel engine, but upon its great development as :t 

marine engine, and the size of the units which at present in use and unde1· 
c·onstruction. \Ye have had Krnpps with a s ingle cylinder, double-acting 
two-sti-oke Diesel, de\'eloping 2,000 B .H .P. as a land engine, and another 
IJ,v the same firm 3,500 B.ILP. two-stroke, rernrsible, six cylinder, as , i 

marine engine. Burmeister and \Vain are responsible fo r six eugines, 
l',\'linders \'ertical, of an ,iggregate of 14,000 B.H.P., or just over :2,000 
n.TLP. per engine unit. Th e l,irgest, perlrnps, in one engine unit is by 
Barclay, Cude & Co., with a 6,000 B.H.P. four-stroke, reversible. This 
i,, German ,ind Arneric;in prnctice. To get nearer home we ha,-e Messrs. 
William & Robinson, Sulzer, Swan & Hunter, \Yestingho use, nnd Mirrlees , 
Bickerton & Day, who ,ire responsible for the Diesel engines in the , essel 
T_vremouut, in conj unction with the Mm'or electhc transmission. This 
lirn1 is also respon. ·ible for Diesel e11;ri11es for use in torpedo boat des-
1ro,vers, submarines, and for the electric lighting of numerous· Briti,;h 
Drnadnought;.;, a lso for dri,·ing· lnrge pumping plants and many other uses , 
the speeds ranging from 200 to 400 r.p.m. 

In each case the builders ha,·e kept entirely to the Yerti cn l type, and 
, 11 most in stances the four-stroke is fa,·oured. 

These few examples go to show that Diesel engines are no longer i1, 
an experimenta l stag·e, and are worthy of consideration rn any new or 
,•onternpl,i ted deYelopments. 

To conclncle, I beliern the time is near when the GoYernment \\' ill ha,·e 
to provide supervision for power station s using Diesel engines. All 
1nspectors of Machinery s hould be not only acquainted, with the genernl 
principles of the Diesel engin e, but s hould be conversant with the neces­
,;ary precautions to be taken, not only for the safety of the power st;ition 
nnd plant, but a lso for the safety of the public generally, where such high 
pressures nre kept, so to spenk, bottled up, and to see that only men wh o 
irn.,·e been trained and are thoroughly acquainted with this type of engine 
:rnd the great pressures they nre denli11 g with should be permittcll to 
handle and rnn them. If this is done there is 110 renson to fear trouble, 
,rnd I am certain that we shall in the future lrn.\'e as much confider,ce in 
the Diesel engine as is now gi,·en to the r eciprocating steam engine, aml 
its general adoption for all purposes is assured. 
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TOTAL QUEENSTOWN COSTS FOR ORIGINAL SCHEME. 

Power Station Buildings 
:.l on ly Twin Cylinder Diesel Engines, 100 B.H.P., each direct 

coupled to 2 on ly 65 K.W., D.C. 460 rnlt Generators .. 
2 Foundations for Engines 
Switchboard 
Booster and Balancer 
Battery, in eluding erection 
550 Poles, Steel Arms, etc., including deliYery 
Cables and Feeder Pillar 
Overhead Copper Conductor 
Insulators 
260 Street Lamps and Brackets 
16 Main Street Standards and Fittings at £16 
250 Meters, inc luding House Service Fuses and Board,-; 
F'uel Oil Ta nks for Storage, 3,600 gallon,; 
Instruments 
Tools, Lathe, etc. 
lJand Carts, Ladders, etc. 
Office Furniture 
Sundries 

£726 

4000 
200 
500 
280 
750 

2320 
1115 

950 
125 
260 
256 
750 

65 
105 
200 
45 
60 
93 

0 0 

0 
0 
0 
0 
0 

0 
() 

0 
0 
,, 
\I 

0 , 0 
0 I) 

0 0 
0 
0 
0 
0 
0 
0 
0 
0 
0 
0 

li 
0 

0 
0 
0 
0 
0 
0 
0 
0 

£12800 0 0 

The scheme has now increased to £16,900 by the addition of n third 
engine, 400 extra meters, s witchboard extensions, overhead exteusion,:, 
and sundry other expenses. This constitutes the present <'npital cost oi' 
the scheme upon which we pay 6 per cent. interest, 1 per cent. Sinking 
Fund and 21 per cent, all-round cleprecia tion. 

The President mo,·ed a vote of thanks, which was duly seconded ,1nd 
hearti ly accorded by the members present, and the fo ll owing- dis(·1: ssio•1 
then proceeded:-

DISCUSSION ON PAPER READ BY MR. BELLAD-ELLIS. 

Mr. A. S. Munro (Pieterrnaritzburg) asked "Whether the total sta1.i0n 
t>osts stated to be 1.1 pence per B.O.'l'. units included full capital charges 
on the plant" 1 

Mr. B. Sankey (Port E lizabeth) commented 011 the absence of any 
figures as to cost of crnde oil, in the absence of which the superior 
economy claimed might or might not be a d\'antageo us. At the -present 
time, whils t Diesel engines have a heat efficiency four times as great as 
steam plant, the cost of oil is more than five times as great as the ·cost oi 
steam coal at the ports most distant from the coal-fields, such as Port 
E lizabeth and Cape Town, and hence this economy is more than counter­
balanced by the high price of oil. There is, however, admitted ly a useful 
sphere for Diesel oil engines in small towns with poor load factor, but 
even here the Locomobile Superheat Steam Engine is, in my opinion, a 
competitor with even greater claims to economy. 
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Mr. J. R. English (Heilbron): I personally am much obliged to Mr. 
Ellis for this paper on the Diesel engine, especially in regard to sm: • 11Pr­
,sized station,,;. I feel certain, howe,·er, that up- country, and anywitprc 
llear the Railways, or in fact where timber i,,; obtainable at a .fafr price, 
the Diesel engine cannot compare with suction ga,,; in the matter of ·!'1tel 
costs per unit generated. Taking Mr. Ellis' figures, I take it thn t the co~t 
of fuel per unit generated, say in the 1''ree State, from these engiue, witlt 
crude oil would work out somewhere about l½d. In answer to Mr. Long, 
,and a;:; a 'comparison, a 70 B.H.P. suction gas set here (Heilbron), run­
ning on a poor load factor over 12 months-hours of runuiug vary in ,:s· 
from 6 to 14 per day-the coal costs per unit generated worked out at 
.49d., and this with anthracite costing 26/ 6 per ton at the works. A 
~ma iler set of only 10 K.W. capacity ran for nine months practic~illy 18 
hours per day without trouble, generating current for pumping; the cost 
of fuel coming out at .53d. I feel sure that in regard to reliability the 
"uction gas engines cr.n compare favourably with the Diesel sets. There 
i" only one other point I should like to draw attention to, i.e., on page 42 
the author lays stress on the point of reliability1 and in consequence of 
this that a poorly-paid man can be left in charge. In the last paragraph 
the author here wishes for expert Government supervision, an d a !so that 
only highly-trained or skilled men ,,;honld be a llowed to run these pi.ants. 
This point appears to have been a slip on the author's part, for I am 
eertain that Mr. Bellad-Ellis is with us all in that any capable man in 
..!iarge of maehinery, and especially electrical plant, shonlcl receive ade­
quate remuneration, and it is up to our Association for onr mutual benefit 
to in sist on this matter. 

Mr. W. H. Blatchford ( Greytown) mentioned that he ~ms of th,i 
opinion that in deciding between ,,;teai:n and oil, for this country, tlw 
advanLages li e ·in fa.vour of the steam set as the prime mover. The initinl 
(> Ost of the Diesel installation is considerably greater than that of a stc,tm 
engine and boiler, eonseq uently the higher interest and depreciu ljo11 
charges may more than counterbalance the saving- in fuel costs. The 
relative priees of oil and coal are certainly an important factor in drawiti'g· 
<'omparisons, but co 11 side1·in g· we have no suitabl e oil in this eonntry lhc 
advantages certainly fa vo nr coal. Should a breakdown occ11T i11 the 
combustion engine it would be more serious than in that of a steam e;,g-inP. 
Very small clea ran ces between piston and cylinders -are made in the ;!:tc­
rests of economy in fuel, which appears to be against reliability as re~·nrd,., 
fredom from breakdown. 

Mr. Ellis mentions in the la st para.graph of his paper: "iVhere s uch 
high pressures are kept bottled up it is necessary to see that only men 
who have been trained and are thoroughly acquainted with the Diesel 
engine should be permitted to handle and run them." The only ad,·antagc 
I can see over the steam engine is that the stand-by losses are altogethe1· 
absent, which with a steam engine might reach a large amount. The 
advantag·e of being able to start up at less than a minnte's notice i,-: 
eertainly a consideration, but are outbalanced by other disadvantages. 
The condition s a,,; at present in my opinion a.re ag-ainst the adoption of 
the Diesel engine a~ prime mover in this country. 
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Mr. Ellis is to be congratulated on ha Y111g maintained an uninterrnpted 
,-., upply for the time mentioned in his paper, and I a m s ure we s hall look 
fo rward with interest to lea rn :,;omcthin g more from him about the Diese} 
engine at t he next Congress. 

Mr. Ellis states that the total capita l cost for two 63 K.W. set:;, com­
l;lete with generators, etc., is £12,800, or over £100 per kilowatt installed. 
l ma_v mention that in Greytown the complete in stallatio n works out at 
£45 per kilowatt installed. 

Mr. l<'. Castle (Oudtshoorn) expressed hi s appr eciation of Mr. Elli., ' 
jW per. In hi s opinion Mr. Ellis had overrated the possibilities of Diesel 
l>i l engines and f uel oil. The whole q uestion comes to this: Llw t as long 
.:s 8011th Africa "·as not a n oi l-bearin g country I fai l to see how large 
Diesel oi l engin es car, be a profitable source of po1rnr. I am of a firm 
npinion that 11·ith fuel oil at present day prices a suction or pressure 
bituminous µ·as plant would proYe more economical tlian Diesel engin es. 
\fe mu;-;t not OYerlook the fact t hat the rnilage on fuel oi l is greater thall 
lhat fo r coa l, also the f uel oil is more or less controlled by a trust. A:, 
regards the sa tisfactory rn1111i11g of 11 Diesel engine, I am with Mr. li; lli s. 
Providing the engine is of a good ma ke, and runnin g at moderate F, peecl , 
one c-,rn ex pect as good nrnning, if not better, than any other type of 
intern a l (•ornbnstion engine. At O11dt:-;hoorn we have some 305 K.\\'. in 
D iesel electri c sets; 180 kilowatts ha re been in u;-;e for fi1·e year,, aPcl 
pro1·icling the blast in the starting bottles is correct we never get a fa ilure 
in starting. The oul_v rnuning fa ilures have been due to t he a ir com­
pressor intermediate cooling coil bursting. These are copper spiral co ils . 
which are suppor ted in the cooling Yessel, and cool the first s tage com­
pressed air before it enters the :.econ d stage compressor. These <'OiL 
1•:ea r t hin after a time and gene ra ll y bur;.;t 011 peak loa d, "·hen the pre;,;sure 
in the coil is the highest . I haY e these coils rernoYecl periodic·all,v ,111d 
,1·eighecl. When the weight has fa llen to 80 per cent. of t he o~·iginn l 
we ight I discard the coil and put in a new one. Since carryin g out th i:,; 
practice I h,we ha d no f urther trouble. 

Mr. John Roberts (Durban): The Association is under an obligation 
ro Mr. Ellis fo r the great pain s he has taken with his paper. and fo r t he 
dear manner in which he has described th e working of the Diesel engine . 
L' ncler Durban condition s the Diesel engiu e has never presented itself t o 
,,s seriou,-; ly as a prime moYer for generating electricity, and not haYing 
looked in to t he question seriously I have learned a good deal of what goe:­
on in a Diesel engine cylinder of which I must confess J wa s ignorant. I 
did not know befo re, for in stance, that t her e is a disti nct difference 
between the way the gas does its work in the Diesel engine a ncl in t he 
ordina r,v paraffin or petrol engine. In the firs t case Mr. Ellis has ~hown 
that th e .~af-- may be said to burn more or less continuons ly t-luonghout 
the stroke, whereas we all know that in the lat ter case it is burnt almost 
:11stantn11eously on ignition by the spark. 

Dea lin g· with the commercial aspect of his s ubject, I cannot alto;.:·ethe1· 
agree with him that oil can be s upplied s ufficiently cheap at coas tal towns' 
to wa rrant s ubstituting crude oil fo r coa l. I understood him to SH) ' that 
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1h e heat units in the oil he is using amount to about 20,000 per lb. again sL, 
E·ay, 12,500 for coa l, which is about 50 per cent. in excess. Seeing, how­
ever, that the cost of the oil would be very much more than 50 per cent. 
gre,ater than the price of coal delivered, I cannot agr ee that eveu with 
i h2 greater ease in firing, freedom from ashes, etc., the net result would 
be a sa\·i11g. The paper, however , must be valnable to those who have 
to eater for the needs of a small town where both· capital expenditure and 
nrn11i11g expenses have to be cut down to the minimum. In my opinion 
f he man 'who sets out to pro\·ide a pb nt for a town of, say, 2,000 i1il1 11 bit­
;111 ts, 1ias to exercise the most carefu l discrimin atio n in cho osin;; a11d 
opornt in g a plant which will show a satisfactory profit and loss aec·o uut, 
;:11d as So uth Africa is clotted with small towns of this size and und er, we 
cn1111 ot lrnve too rnnch information 011 the experienees of thoc;e Engineers 
who cn11 throw fresh light on a difficult subject. I hope next year we 
:-· hall hear more on t hi s question from Engin eers in charg·e of small 
.,tntion s. 

Mr. T. Millnr (Hanismith): 1 fee l pleased to be able to su pport th 
r emnrks made by Mr. Roberts in so far as he hn s dealt wit h the pape;_· 
read by Mr. Bellad-Elli s . I ham had an experience somethi ng simi lar to 
Mr. Ellis', namely, Government delay in granting sanction of loans 011 new 
M11nic-ipnl electrirn l undertakings. Some two years ago the property 
own er,-; in liarri s mith gave the Town Council power to rai,-e the ,-;um of 
£12,000 for the purpoe-:e of in stalling· additiona l electrical plant in antiC'i­
pation of a clay load. vYe had obtnined expert ad\' ice on t he matte:'. nnd 
:i report was sent to the Govemment. In Ja11 n11ry of the present yem· 
the Go\·ernrnent Engineer paid a \·isit to Ifa.rrismith to make eert~1in 
enqu iries re local conditions, etc . Since then we have henrd nothing i11 
the matter, and I t hink that we, as an Association, should deal with th2 
Government in such matters . I have to thank Mr. Ellis for bringing t hi e-: 
urntter before us in hi s very instructi\·e paper. 

ML E. Poole (Durban) : To the smaller Municipalities pnrticularly 
shou ld Mr. Bellad -Elli s' paper appeal, and I th in k a tabulation s howing 
c·omparisons between Diesel, s ·uction Gas, Oil , Stearn, etc., plants woul tl 
be of ;_:Tent interest with regard to floor space occupied .a nd capib1 l cost 
per K.,Y. installed (as fa r as concerns engin e plant only). Mention is 
made ns to the a daptability of using vario us grades of oi l, but as it ;-eern:~ 
lo be at the expense of losing power in using a low grade oil I do 1:ot see 
where the advantf1ge is unless it is that in the event of any df'lny in 
delivery of the regular s upplies the Engineer can rest content that practi­
cally nny sort of oil will carry him through, but may I ask does using ;1, 

low gTade oil mean using more oil per H .P.? 
The last pa ragraph of the paper rather upsets a lot of the previous 

remar ks where one is led to think that in the ha nds 'of an average low­
paid Engineer a Diesel engine is quite s uc cessful, wherea s in the coneluil­
ing remarks we rea d the Engineers must be trained and thor.:rnghly 
acquainted men, and f urther th a n that, Government In spectors should 
nct ually supervise sta tion s nsing Diesel engines, a nd with s uch -~ontra­
clictory r emarks one may hesita te before embarking- on s urh .a scheme in 
case of difficnlty in getting men to run the plant successfully. 
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Mr. T. Jc1gger (Ladysrnith) raised a point in connection with the cost 
of fuel in this country for the Diesel engines as compared with the cost o[ 
l'oal, more especially for electric power s tation s sitt\ ated up- countr y, 
where the price of coa l was much less than at. towns nearer the coast. 
Mr. Ja gger a lso drew attention to the fact that, whereas Mr. Bellad-E lli .~ 
gaYe ld. per unit as his fuel consumption 011 the Diesel engine, the full 
l'OSt at La dysmith on a Yery similar loa d and with vVilla ns' steam engines 
was .49d. per unit for last year, at the same time mentionin g· the cost of 
coal as 6/ 9 per ton in the bunkers. 

MR. BELLAD-ELLIS' REPLY (communicated). 

Replyin g to the questions raised seriatim: The station costs of 1.1 d. 
per unit include wages, sa la r ies, fuel and lubricating oil and repairs all'! 
ma intenan ce. Cost of fuel oil per unit .44d. at the coast .. 85d. at 
Grahamstown, but latterly this has fallen to .67d. No cla im is made that 
best results a re obtained in the la r ger s izes again st steam turbines; t he 
a rguments r efer to their uses fo r small towns up to, say, 250 H.P., fo r 
which their special advantages a re particula rly s uita ble. Only speeia lly 
trained and s killed men s hould erect and undertake important repairs, but 
a co mpar atively cheaper man can drive and undertake minor a djustment,; 
11nder the guidan ce of a good station Engineer, an d given these necessary 
conditions the Diesel is of eq ua l reliability, gr eater fuel economy, and no 
gr eate1' first cost than steam plant for small town s of poor load facto r , 
except wh ere coal is very cheap . Fuel oil and its cost, including railag·e, 
is generally the decidin~· fac tor, and in t he absence of specia l railway 
rates an d low-landed costs it offers no attraction to cities s uch as Durba n. 
Given cheap fuel oil s upplies in the Colony, the use of oil for stancl -by 
,;team or oil-driven plant would merit seri ous consideration in the la rge 
towns. 

At the co nclusion of the discussion it was decided not to meet in th,J 
afternoon to enable the members to see something of Johannesburg a nJ 
clistrict. 

By in vitation of the S.A. Institution of Electrical Engineers the dele­
gates attended at 8 p.m. at the Johan nesburg School of · Mi nes, a nd were 
welcomed by the Vice-President, Professo r Bucha na n (in the un avo iLl a ble 
nbsence through indisposition of the President, Mr. Bernard Price) . 

Mr. Bellad-Ellis return ed tha nks on behalf of the delegates. 

Professo r J. H . Dobson then proceeded to read a paper on "Th,J 
Distribution System of Joha nnes)mrg,". which has already been fully 
:·eported in the technical pref's, a nd is recorded in th e Proceedirnts of the 
S .A. In s titution of Electrical Engineers. 
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FRIDAY, NOVEMBER 19th, 1915. 
I 

The Congress met at 10.30 a.m. at t he Town Hall, Johannesburg·, 
when the Rules nnd Constitution of the Association, as drnwn up by t he 
Sub-Committee formed for t hat purpose, were submitted, disc usse <l , a n,l 
wit h certnin alterations and additions, adopted b,v the meeting. Full 
pnrticulars will be fonnd on page 

]\fr. John Roberts (D urban) proposed, secon ded by Mr. Long ( Cape 
Town),- that it be an i11 stl'lldion tltat the Hon . Secretary s ha ll notify a ll 
members of any importa nt bu siness trnnsacted durin g the ~-ea r by the 
Council. This \\·as agreed to. 

It was reso lved that the Chairman or other nominee of the Commit tee 
u · any Municipnl Electri c S upply or Tramway undertakin g, of which the 
l~ngineer is a memuer of th e Association, s ha ll be inl'ited to attend tlw 
next Congress at Cn pe Toll'n. 

Mr. John Roberts (Durban) proposed, and it wa s seconded and 
;,greed, that members who intend to contrib ute papers at the Anmw l 
1'ongress shall sen d their papers, together with the necessary copies, to 
1he Hon. Secretary at leas t one month before t he Annual Congress, so 
flrnt he ma.v eirculate them among th e members of the Assoe iation. 

The fo llowing re:-olution was adopted: That the Counc il be empower ed 
to charge fo r .copies of t he pr oceedings wh en found nece-;sar.v. 

ELECTION OF OFFICERS AND COUNCIL. 

Mr. E. T. Pri ce (Johannesburg) was un animo us l,v cleeted li on. 
Treasurer. 

For the election of the .three members of Cou ncil fll-e 11ame-; were 
duly proposed and seconded, and, as the r esu lt of t he u,1 !l ot, the follow in g· 
three members were elected:-

Messrs. John ~oberts (Dm-btrn). 

B. Sankey (Port Eli zabeth ) . 

\\·. Bellad-Ellis (Queenstown). 

( A fu ll li st of th e Executi1'e Co un c- il appears on the front page.) 

Iu the afternoon the Yis itors \\'ere s hown round t he Municipal Power 
Station, Distributi on System, a nd the Municipa l Abattoir,.; a nd Lil-e Stock 
Market. 

SATURDAY, NOVEMBER 20th, 1915. 

The ('011g-ress met at th e 'l'O\\'ll ]-fall nt 9 a .rn. 

It \\·as resolved that n ree;ord of the proceedings of the week be f'ent 
1o a ll members. 
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Mr. B. ::5a 11key (Port Elizabeth) proposed tha t the thanks of th0 
.i-bsoc·iation be conveyed by the Hou. Secr etary to the following:-

The Local Institutio11 of E ledri<':ctl Engineen,. 
Johannesburg Tow11 Coun cil. 
The Mayor of Joha1111 esb11rg. 
The C'lwinnan, Tramway and Lighting Committee. 
'L'he Committee of th e Rand Club for appointing us member,;. 
The Victoria Fall,; and Tran,;vaal Power Co. 
The Directors of the Ha11dfontein and Crown Min es . 
The nuious parties wh o plaeed motor ca rs at the disposa l of the 

member6. 

Mr. M1111ro seconded, a11d it 11·a,-, tanied. 

Mr. McDonough (Bethlehem) proposed that it be an in s trnct i-011 tu 
the Coun cil to notify the r espo nsible Minister of the Union of South Afri ta 
uf the formation of thi s Association, info rming him of t he objects of th,i 
1b socia tion, and that the Council of the Association will be plea;;:ed to 
vffer its serYi ces in the 11 a t11re of any ad1·ice which the Co un cil may be 
,tble to gi1·e 011 an,v electrical matters arising in the Union of South Afri ca 
which in1·oh·e the welfare of Munieipnl electric;:il undertakings and qnP;;­
tions of s uch sys tems in th e Union. 

Ivfr. B. S:rnkey (Port Eli zab eth) seconded , and the motion wa s ca rried. 

Mr. John Roberts (Durban) proposed, second ed by Mr. )\ilunro 
(Pietermaritzburg), thnt a let te r in the same tenor as the one to thf' 
\1:inister be addressed to tlt e n1rious Municipalities . Tilis was :.ih<J 

rarried 11na11irnom;ly. 

The new .l\Lt)'Ot' of John nnesburg-, Coun c ill or J. \V. O'11,ua, a1,d t l, u 
new Cha irman of the Tn1rn1n1,v and Lighting Co mmi ttee, f'ouncillor J. 
~1ulrny, addressed a few word s of wclc-ome to the meeting. Mr. .Jvlt11 
Hobert :; ,111d Mr: B. Sankey re plied, thnnkin g- them i.ioth for t h.:; k!11 ,l 
rnmarks made. 

Prnfesso r J. 11. Dobson ;flso s poke, infonning the Mayo r ·a11 d the 
\ 'hairrna11 of th e T. and L. Committee of th e objects of the Associutio!' . 
,111d thanking t hem for the interest s hown in th e Association. 

lt wa s re soll'ed that the C'om1:nittee be in strn cted that for the e11suin•~· 
)'ear an,v E11 ginee1· forrnall.v in charge of 1111 electrical underta kin g· be 
adrnitted a memb er of th e Association . 

Mr. G. H. S win gler proposed, seconded by Mr. John Roberts. that it 
be an in strndion to the Cou ncil to e11dea1·our to get the Railway Authori-­
ties to gil'e a concession to those members of the As,;oc·intion attending· 
the Congresses. Agreed. 

Mr. B. Sankey stated thnt tlte ,·arion,; n1illl'.1_,•,; at Home grnnt refunds 
i11 such case,-;. 

Statistics. 
Mr. Castl e s uggested that the q1rious Munic ipnliti e,.; be a sked to make 

up s tati,-;tie s , the sn me a,-; i,; done in F.ng-Innd. 
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·, .· 
. Mr. Jo)rn ~obert~ proposed that the Couucil endeavour to obtai11 
papers on certarn snbJects, s uch as :-

The y.iost s uita ble form of statistics. 
I . 

The ques ti on of street lighting i11 tho,;e towns " ·bere there is difficulty 
/with trees. 

' , / Ta /iffs. 
\ /I 
1) I Co~11nercia l co11trol by the Eugineer of Municipal electrica l under- · 
i takings. 
' . \ . 

!' '-,.,' M,! John Roberts propo,;ed a Yery hearty Yote of thanks to the Pre::- i­
c!i::1;-t, { / ofessor J. H. Dob,:ou, for the interest he ha s shown in the pro­
ceedings and the Associ,,,cion. Mr. Blatchford seconded Mr. Rt1bert :;;' 
remark~ heartily, and tJie meeting unanimously agreed. 

·• ·1 ' M~-- Dobson r eplied \ thanking the members for their hearty ,·ok, a1,d 
--·.'J ~i1id tlfat anything he ma'v -have done had not been in the na ture of irksome 
~-.) ~rnrl~, adiicl it g

1
·ayHe himSg{~~t .pleafsure

1
to see th

1
e r

1
espo1

1
1se. He exp!·esser1 

1 g:ratitu e to t 1e on . ec-i:e,tary or t 1e work 1e rnd cone. 

i}J Mr. B.· Sankey seconded .the vote of tha nks to Mr. Stokes, the Ho11. 
-u,I Secretary, for his great servicts during the week's proceedings, nud for 

-;:,. ' "hat he has ta ken in hand for tl:e future. 

:'f. The final meeting of the Congress then terminated at 11.30 a.m., al! 
,-. i members being of the opinion that a most in s tructiYe and interesting week 
· ' had been spent, and that the bnsiPess so far accom1Jlished foresha·i1o"e1l 
'"I -:--
1 

;; _11s,ef11l an<l su<'cessfnl fntnre fo1i the Associatio1i. 
J ''•. 

1 . ) . 
·:J > 
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