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SUMMARY 

ih 



The generation of electricity to meet demand at economic cost 

depends upon the number, quality and effect1ve utilisation of people 

1nvolved in the processes. Manpower 1n th1s industry 1S d1vided into 

industrial, administrative, technical and managerial sections and one 

of the objectives of this project is to consider methods of asseSSing 

optimum levels of staffing within each section, necessary to achieve 

economic electric1ty supply. 

By comparing actual manning levels, against levels predicted by 

the methods developed 1n this project, a measure of relative productivity. 

can be achieved. 

The methods have been developed to find relationships between the 

technical factors which determine the manning patterns, and the 

performances achieved which are dependant on eff1cient utilisation of 

manpower at all levels. 

Methods of forecasting manpower requirements are also considered 

1n this project, wh1ch are based on future pred1ctions of plant mix and 

performance, and electriCity demand. 

S1milar methods could be applied to forecasting other resource 

requirements in the generation and supply of electricity to enable 

realistic predictions to be made for use in corporate planning at 

national or regional levels. 
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1. INTRODUCTION 



1. INTRODUCTION 

The Electricity Supply Industry or England and ~Iales compr~ses, 

with the exception or the Russ~an industry, the largest 

~nterconnected electr~c~ty system in the World. 

Since the early r~fties the writer has been employed within 

the industry. During this period the standard size or generating 

un~ts has risen !'rom 30 MW to 660 MW, w~th attendant benerlts or 

economies or scale. Thermal efriciencies have risen !'rom an 

average or 21% to 31.5%, with the most erf~c~ent generating units 

achieving 36.0%. Installed capacity has risen from 22,343 MW in 

1958 to 58,523 MW in 1975. 

Over the past twenty rive years the generating plant or the 

electricity supply industry or England and liales has developed 

rrom a state of being manually operated and locally controlled to 

central automatic control and operation and in some cases to 

computer controlled operat~on. 

Following early commissiomng problems with the 500 ml and 

660 MW generating units, the"availabilities'or these units have 

risen appreciably. In 1975 the 47 units of these outputs 

~nstalled in 13 (7.7%) power stations produced 43.8% of the 

electricity generated by the C.E.G.B.. The length or time taken 

to achieve a satisractory'availability'ror this size or generating 

unit ~s generally in excess of rive years and rollows similar 

experiences or the American Industry. 

In 1964, as a condition ror an annual wage rise, government 

policy required a work measurement exercise to be introduced, 

ror the industrial staff. By the early seventies the majority or 

industrial stafr had been ~ntegrated onto a pay and productiv~ty 
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scheme and manning levels had fallen in the Un~ted Kingdom 

industry dur~ng the late sixties and early seventies by 

approximately 51,000 or 35.8%. Dur~ng the early seventies 

administrative staff were subject to a cler~cal work measurement 

exercise, only the technical and scientific staffs have yet to 

be the subject of any type of measurement or productivity scheme. 

A job evaluat~on exerOlse is being formulated at the tlme of 

writing, by the Boards and the Electrioal Power Engineers' 

Association, the tinion representing the technical and soientific 

staffs. 

When researoh for thlS project was oommenced, in late 1973, 

there appeared to be virtually no international oomparisons or 

national oomparisons, of performance of the electrioity supply 

industry available. 

One international comparison of generating costs and thermal 

efficiencies had been published, in which it was stated that a 

true comparison and analysis of the results had not been made, 

due to the problems of measuring the effects of several variables. 

Variations in age of plant, types of fir~ng, proportions of hydrO 

power between oountries, were quoted as factors t;hich made a true 

comparison difficult. The recently published Plowden Committee 

of Inquiry Report quoted comparisons of thermal efficiencies in a 

manner similar to that of the international comparison mentioned 

above. The Report also stated that although the Electrioity 

Council and C.E.G.B. prepared memoranda summarlslng information 

available to them, they had not presented a reasoned appraisal 

of the industry's performance, or showed that they made systematic 

and regular comparisons of thelr performance. 

--
-2-



In addit10n to 1nvolvement in operation and commissioning 

of generat1ng plant, the writer had been instrumental in preparing 

and implementing the Pay and Productivity Scheme at a major po"er 

station. An 1nterest 1n manpo"er product1vity and 1ndustrial 

performance stimulated the writer to 1nvestigate manpo"er productivity 

methods of assess1ng the performance of electricity supply industries. 

Several variables "ere considered in assessing thermal 

efficiency and manpo"er levels. Typical of these variables were age 

of plant, thermal efficiency, ut11isation, generat1ng unit size and 

stat10n capacity. 

In cons1dering these variables it 1S necessary to find 

relationsh1ps and effects of them on manpOl<er levels and thermal 

eff1c1ency. There is a degree of inter-relationship bet"een for 

example uti11sat10n and thermal eff1ciency. It is a policy of the 

C.E.G.B. that generating plant is loaded preferentially on a cost 

bas1s. The cost of generation 1S closely al11ed to thermal 

eff1ciency, fuel cost etc.·Therefore it is clear that plant "ith 

higher thermal efficiency "111 have a higher utilisation. Ho"ever, 

h1gh utilisation demands a high maintenance commitment, and the 

consistent achievement of a high thermal effic1ency similarly 

demands a high ma1ntenance commitment. This situat10n is also 

affected by another variable, the age of the plant. Age has an 

affect on thermal efficiency and manning levels. In addit10n to 

improvements in plant'design, layout and control over the years, as plant 

ages the effects of erosion, vibration and corrosion require an 

1ncreas1ng maintenance commitment to achieve high thermal efficiency 

and utilisation levels. 

--
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By tak1ng into account the effects of var1ables, compar1sons 

of actual and calculated thermal eff1ciency and manpower levels 

can 1nd1cate the relat1ve product1v1ty of one industry or 

management un1t compared w1th another. This project assesses 

methods of comparing the relat1ve productiv1ty of electricity 

supply undertakings, whether nationally or internationally. In 

conJunction with absolute productiv1ty, in terms of, for example, 

added value per employee, the relative product1vity values could 

be used to measure the performance of each industry. 

When relat10nships and effects of the var1ables on manpower 

or other resource levels have been found, then by fixing values 

to the variables, forecasts of mann1ng and resource requirements 

can be made. F1X1ng values to these variables based on forecasts 

for the future, by s1mulation of predicted values, resource 

requ1rements can be assessed for the period being considered. 

Forecast1ng resource requ1rements for electric1ty supply industr1es 

can be carr1ed out by simulat1ng the future patterns and values 

of var1ables in mathemat1cal models for work1ng out by digital 

computers. The opportunity to study the applicat10n of dig1tal 

computers, using mathematical models, as an aid to management 

dec1sion making and control, was another aspect on which the 

wr1ter desired to gain exper1ence. 

-4-



2. PLANNING AND FORECASTING IN ELECTRICITY 

DEMAND AND SUPPLY 

---



2. PLANNING AND FORECASTING IN ELECTRICITY DEl-1A.ND AND SUFPLY 

An 1ndication of the present extent of planning and forecasting 

in electr1c1 ty supply is g1Ven by the ,vide range of ti tIes in the 

References Section. It w1ll be observed that at the macro level 

papers have been published by several countries, whereas ve~ little 

work appears to have been published at micro level. At macro level 

much of the published work concerns methods of forecasting future 

demands for electricity. 

National energy models using econometric models as a tool for 

forecast1ng,and for planning the whole of energy economics, are used 

, by Countries of the European Economic Community, Norway, Canada, 

Sweden, Australia, Austria, U.S.A., U.S.S.R., Poland, Czechoslovakia 

etc.. These models are based on growth trends 1n the economy, 

investment, population, product1v1ty, industrialisation and 

urbanisat10n. Other factors are taken into account, such as market 

share of var10US forms of energy and particular needs of the major 

final consumers e.g. steel, aluminium, transport etc •• 

As Wood ( 2 ) pomts out, use may be made of economy based 

techniques demonstrating logical relationships between economic 

factors in the business environment and energy requirements. They 

are based on 1nput/output models which are national or regional 

forecasts of industry by 1ndustry requirements (input) to produce 

goods or services (output). The corporate model concept places the 

emphasis on planning for future growth and operat10n of an entire 

corporate entity, rather than of a specific portion of the system. 

Corporate models contain economic, engineering, financial and management 

sub-system models, all s1multaneously interacting. Each model 1noludes 

considerations of expeoted volumes of business, corporate, revenues, 

product10~osts and operating expenses. Forecasts or models are 
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made on the needs and expenditure to provide increased facilities 

to meet the expected product demand. 

A b+ock dlagram of what Wood ( 2 ) lllustrates to be a 

typical United States utlllty corporate model is shown in Fig. 1. 

This form of mod:el is a collectlOn of the major SUb-system models. 

As an example, due to the high degree of investment in plant, the 

plant requirements sector of the model lnclude considerations of 

plant growth, plant shut downs, depreciation and construotion. The 

financial model sector incorporates considerations of flnancial 

planning, accounting and cash flow, financing and management policies. 

The model control sector incorporates the logic required to control 

the use of the model for studying speclfic problem areas. 

"'\. ~ 
L ffiOCESS INruT DATA I 

'\,. ,/ 
I REVENUES I 

! 
FLANT REQUIREMENTS 

I OPERATING EXPENSES I 

• 
I FINANCIAL MODEL I 

1 
I REFORT HlEPARATION AND OUTror 

I MODEL CONTROL 
CONTROL 

EARfNG~ 

ADVANCE 
I-----=TIME FERIO:=D--..J 

I STOP I 

--

I 

CONTROL 
RE~ RATE 

Fig. 1 - General Structure of a Utility Corporate Model 
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A number of electric utilities have developed corporate or financial 

models, the current emphasis being on the financ1al aspects, in some 

cases the models exclude production coSt1ng and models of future 

construction. 

Rydbeck and Figley (10) show that models are used for 

planning and analysis of the economic and financ1al effects of 

alternative physical expansion plans and for studying the effects of 

poss1ble changes in the tecr~ical or business env1ronment in which the 

utility operates. In some cases the models help studies of the effects 

of optimisat10n procedures. In other cases they allow analys1s of the 

potential effects of management policy changes before they are 

implemented. 

In short term or long term planning of system expansion,one of the 

most important aspects is the selection of appropriate oDJectives 

on which to base a decision. Wherever planning is carried out in 

engineering,systems engineering, business and government, specific 

value measures have developed the general link for all values at 

m~-level being economic. One American Electricity supply utility 

uses measures based on the expected present value of the revenues 

required to support a given plan, and the annual net income (or net 

revenue) pattern resulting from the selection of a given plan. The 

f1rst measure being economic, the second financial. 

Wood (2 ) informs us that a fundamental part of the overall 

planning problem is the multiplicity of value functions. By using 

them the corporate model offers in the case of a ut11ity, the chance 

to analyse and forecast both revenue requirements and the effects on 

net income of varlOUS choices. 

When the utility is viewed as a corporate entity in terms of cash 

--flows associated with its operation, see Fig. 2, the revenue required 
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from the utility customers is shown at one end of the pipeline and , 
the disposition of these funds at the other. 

LIGHT 

AND 

REVENUES -+ roWER 
NET 
IN OME 

COMPANY I---JL..-

INTEREST-" 

TAXES --+ 

O&M EXPENSE .-. 

DIVIDENDS -Jo-

DEPRECIATION --_), 

RETAINED 
EARNINGS -----\. 

Fig. 2 - Cash Flo\f for an Electric Utility 

The model may be developed to forecast resultant net income for a 

given set of alternative plans and fixed revenue patterns, or it 

may be employed to develop the required revenues for a set of plans 

on the basis of holding a given pattern of net income or percentage 

return on net investment. It of£ers the flexibility to incorporate 

consideration of new measures 1£ they develop and treats the economic 

and financial aspects together. 

Wood ( 2) also shows another example of a corporate planning 

model in this case a financial model and programme for comparing 

results for an American utility. This model produces standard financial 

statements as output and is based on a yearly interval. 
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(A) 

J 
_..J READ INPUT I • 

! 
CALCULATE: REVENUES 

EXPENSES 

TAXES 

INCOME 

FINANCIAL - FLANS 

CASH FLm~ 

BALANCE SHEET 

FIRS~ CASE 
. 

I ,!. -

NO ~S 

IERFORl.l RATE REGULATION 

. .l 
OUPUT: INCOI>lE STATEMENT 

. CASH REFORT 

BALANCE SHEEJT 

YES (MOJ YEARS?) 

~ NO 
(A),.. .. I----YES--(MORE CASES?) 

--

NO 

FOR SELECTED ITEMS: 

DETERMINE DIFFERENCES FROM 
1st CASE, CALCULATE AND SUM 
FRESENT VALUES, OUTPUT DIFFERENCES 
AND PRESENT VALUE3 

J. 
STOP 

Fig. 3 - U.S. Ut11ity Corporate Model Programme ( 2 ) 



It may be used to compute ~inancLng needs and the resultant net income, 

or it may be used to ~l.nd the revenues required ~or a particular plan 

with the ~inancl.al per~ormance o~ the utl.lity being used as a constral.nt. 

vlhen ~inancial value measures are being examined the programme uses the 

same revenue pattern ~or all alternatl.ves. Alternatl.vely, ~Ihen revenue 

requirements are being evaluated the ~inancial constraint will be used 

in alternatives. The ~inal output is a sequence o~ year by year 

comparisons o~ l.ncome ~or each alternative, plus a fl.nal, present value 

comparative analysis o~ the income statement. This model has potential 

for use in studying corporate policies and in system planning evaluations. 

One generation planning problem covers the merits, economic and financial,. 

of the retirement o~ older generating plant. Another example o~ the use 

of such a model is to examine the effect of adopting a policy of self­

financl.ng of capital expenditure from income. The actual question is 

what will be the effect on revenues if the utility changes from financing 

const~ction expenditure by loans,to a poll.cy where say hal~ the future 

capital requirements for construction are fl.nanced from revenue. 

Other utilities used planning models which show the effects on 

profits, or revenues of energy conservation, or higher interest rates, 

or higher costs of labour and/or equipment or of excess plant or new 

antipollution legl.slation. 

Common to many national electricity supply industrl.es (see references_) 

are models for fl.nding the optimum allocations of generating plant, 

natiom-dde, to achieve the maximum overall economy of supply. The basic 

approach l.S to forecast, for varl.OUS future periods, the evolution of 

the optimum structure of electrl.city generating plant and its 

distribution in the main national regions. From these forecasts 

investment programmes are compiled, l.ncluding the divl.sions of energy 

sources for generation; hydro, coal, oil and nuclear. In itself the 
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fleld of energy resource allocatlon and fuel mix is an extremely 

important aspect of planning. It appears that many countries have 

strategic models alffied at optimising energy resources. At macro 

level It has been shown( 2 ) that econometrlc forecastlng and 

predlction lS widely practised, and documented. The implications 

of industry wide plans re sui t in planning and declsion making at 

lower levels to ensure that resources such as new generating plant, 

materials, fuel and manpower are available to dovetail into the 

overall plan. To highlight one aspect, the output of generating units 

has to be forecast for the foreseeable future. 

Depending on the size of units wlll be the number of new sites 

required to meet a particular electricity demand. Booth and'Dore (12) show 

that g~atlng unit capacity depends on technical considerations and 

predlcted availabilities, which wlIl be assessed by the manufacturers 

of such plant. It may be that limltations can be overcome in other 

ways, for example, the transportatlon limit of 200 tons may be overcome 

by prefabrication, on site assembly or new transportation methods 

e.g. air cushion vehicles. 

Forecasting models descrlbed so far have been applled at the 

national or industry level, to optlmise output of electricity by 

considering how factors will affect demand and costs over the medium 

and long terms. 

Wlthin the operations of electricity supply industries,mathematical 

models and computers are used for optimising economic performance. The 

C.E.G.B. utilises computer operated models for optlmising the use of 

generating units, to generate at the cheapest unit cost. This system 

of models operates to the concept that the cheapest fuel is burned by 

the most efficient generating units to produce the cheapest electricity 

for a predicted demand. 
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Tables are arranged so that the generating unit t>hich produces 

the cheapest electr1city heads the table, the next cheapest follot>ing 

and so on, hence the title Order of Merit. 

P.red1ctions are very much for the short term. The computer runs 

are carried out approximately four weeks before the ne,;- generating 

plant order of mer1t tables come into force and are for one month's 

duration. An Order of Mer1t Table then details the costs of heat 

and fuel and electric1ty produced by each individual generat1ngunit 

in part of a Reg10n, similar tables are produced nat10nally. 

Four programmes from the suite f1nd the cheapest combination of 

power station plant and fuel supply to meet the demand for electricity 

are shown in Fig. 4. 

INPUT 

Station Details==========~--__ ~~::---, 
Pl 

Generator Details:==========~---1 __ ~~ __ -l 

Plant Availability Details 

OUTPUT 

Demands: __________________ ~ 

~--~---;~---Oeneration Load Pattern System Configuration ______ ---.. P2 

Running Spare Commitment 
_
____ ~~~ ____ ~~~--~tation Unit Allocation 

Off Load Heat ReCflliremen:t-__ ", 

Fuel Stocking POliCy. ________ ~,~J-_:~~~==--Fuel Requirements & Costs 
Fuel Details - P3 Fuel Scarcity Values 

Transport and Handling Cost J Transport Utilisation 

Transport and Quahty Total Inclusive Heat Cost 

--

Constraints 

System l'larginal Costs 

L.._P_4 __ ....JI---.. Order of Merit 

Fig. 4 - System Marginal Cost SU1te 
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The der1vat1on of the system marginal costs of heat for 

each station requ1res a number of iterations around the cycle 

of calculat10ns as seen 1n F1g. 5. 

P2 

P3 

Commencing with 
any Merit Order 

Repeat, Replacing 
Station Heat Costs 
with Net'llY Calculated /'_., 

Carry out System Simulation 
to Determ1ne Un1t Allocation 
and Heat Requ1rements 

F1nd Mmimum Jfu" Allocation to Satisfy these 
Heat Requirements, together with 
Associated System Marginal 
of Heat on a Station Bas1s 

Cost 

"---P4-----'1/ 
Rev1sed Merit 

Order 

Fig. 5 - Iterative Process 

As the number of iterat10ns 1ncreases, the solution converges 

towards the m1nimum overall cost solution. The product of the station 

heat costs, when mult1plied by the overall heat rates for each set, is 

then used as the basis for the merit order costs, based on system 

marginal costing. 

It has been shown that a great deal of forecasting and planning 

is carried out at macro level and within the electr1c1ty supply --industry forecasting energy demands and the cheapest way of meet1ng 
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them is achieved using computers and models. This forecasting is 

done throughout the time speotrum, from the following month, to the 

next five years. No publications or other written documentation has 

manifested 1tself showing the use of statistical analysis based 

mathematical models wh1ch can be used to forecast resource 

requirements for the future w1thin the electricity supply industry, 

at reg10nal level for example. It is also apparent that mathematical 

methods for comparing the resource requirements of countries, regions 

or power stations taking into account the many variables which oan 

have a bearing on the comparison, have not been pursued. 

In one case,(l7) an 1nternational comparison of thermal 

efficiencies of various European Countries, .there is little work done 

to quantify the effects of various variables e.g. age of generating 

plant, size of plant, although it is stated that different proportions 

of these variables will affect the effectiveness of comparison. 

No publ1cations, or other written documentation has been found in 

the current survey of literature, which cover the forecasting of the 

effects of different variables on future product1vity within the 

industry, or allow accurate comparisons of electricity supply industries 

productivity internationally, or at macro levels, or for example compare 

the performance of one region against another, or even whether a 

particular power station is run by the optimum number of staff or 

resources compared with other stations. 
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3. FRODUCTIVITY IN ELECTRICITY GENERATION AND SUPPLY 

In recent years several studies have been made of the 

product1vitiy of the U.K. electricity supply 1ndustry and 

1nternational comparisons made. 

One such study by Pryke ( 1 ) used sales per man-h~~ as the 

measure of product1vity and compared the record of the U.K. 1ndustry 

with those of six other western industrialised nations. In the 

study Pryke used the annual percentage increase in sales of 

electric1ty per man-hour, over the period 1958 - 1968, as a basis 

for h1s comparison of productivity. A synopsis of the results of 

this study for electricity supply is shown at Appendix 2. 

Product1vity calculat1ons, which take 1nto account the 'use of 

capital, confirmed the p1cture which emerges from the comparisons 

of growth of output per man-hour. 

More recently a "Report by the Group of Experts on the Overall 

Productivity of the Electr1cdy Supply Industry" (17 ) commenced 

with a discuss10n of different methods for studying productivity in 

the electr1city supply 1ndustry. The selected method, the -

overall product1vity method (i.e. output in relat10n to input) 

was aimed at following the productivity development, within an 

undertaking, over a sequence of years and four pilot cases (Great 

Britain, France, Spain, Sweden) were followed. Two different 

methods were considered, both making use of the two concepts output 

(results attained), and input (resources used to attain those 

results), both be1ng expressed 1n f1nanc1al terms. Both can 

describe the performance of the undertaking in a particular year 

1n a relative way by means of the ratio between output and input, 

and also the product1vity growth from one year to the next by 

comparing the two consecutive rat1os. 
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The "added value method" defmes the results attained 

1.e. the output, as the difference between sales revenue of the 

ut11ity and the cost of fuel and raw materials used to bring 

about the produchon. The d1fference gJ.ves the value "hich has 

been added to the raw materials. 

The "overall productivity method" defines the results, OJ;' 

output, as the sales revenue wIthout any deductIons and similarly 

defines the use of resources, or input, as the sum total of all 

annual costs (raw materIals, fuel, labour, capital costs, etc.). 

The main reasons for the selection of the "overall 

productivIty method" was that one participant had already laid 

the foundation for it, to some extent it had been tested, and it was a 

also judged to be the more easily understandable to the partiCipants. 

One pOInt ~lhich was emphasised was that productivIty 

calculations must be based on a number of technical and economic 

assumptions e.g. life span of equipment, and If a comparison of 

utility was beIng made the-assumptions had to be on an agreed 

common basis. Another example to highlight the problem of fInding 

a common basis for assessing productivity in electricity supply is 

the weather. VariatIon of water and weather conditions, even in the 

same country, will influence production and sales of electricity. 

Corrections were therefore made for water and weather conditions 

and incorporated 1n the calculat1ons. 

rulo ( 6 ) carried out investigations into the quantitative 

relationships that by tradition or logic were believed to affect 

the unit costs of electricity production. He stated that 

quant1ficat1on of relationships should help expla1n the differences 

that exist among indiVIdual electric utilitIes with respect to unit 

--
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cost. Another observation made by Iulo was w~th regard to 

grouping of electric utilit~es for performance evaluation. The 

group would be based on a lim~ted geograph~cal area, with similar 

size grouping and hav~ng similar market composition. Iulo used 

statistical as opposed to subjective techniques, his explanation 

being that ~n this way personal evaluation was minimised. 

Mult~ple regress~on analySis was chosen by him to establish the 

average relatio~ships that ex~sted between factors, both 

ind~vidually and in combination. He advocated researchers using 

multiple regression to analyse a number of factors simultaneously 

to quantifY the relationship between factors and unit costs. 

A substantial part of Iulo's study deals with the derivat~on 

and reason~ng behind each of the factors invest~gated and with 

the development of measures to reflect these factors. Factors 

~ncluded electr~city produced, size of producing un~t, cost of 

construct~on and level of technology. Iulo included eleven 

operat~ng factors to determ~ne the~r relat~onsh~p to unit 

electricity costs. Of these, only three factors were demonstrated 

to have a significant relationship to unit costs of electro 

util~t~es, namely Utilisation, Fuel costs (Steam) and Hydro fUel 

costs. 

Market and historical characteristics were also studied and 

the f~al factors found to be significant were the three operat~ng 

factors mentioned plus size of steam - electr~c generating plant, 

the consumption of electricity per resident~al customer, per 

commercial and industrial customer and the distribution among 

consumer classif~cat~ons. 

In his study of product~vity measures and performance evaluat~on 
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of public utilities, Dodge ( 9 ) employed the rate of 

change in total factor productivity as a measure or productiv1ty. 

To some extent Dodge had added to Iulo's work although he 

emphasised the long run and assumed far fewer constralnts on 

managements abl11ty to influence results than what he considered 

to be Iulo's short term emphasis. 

Wald (21) ln explalning why performance should be measured 

makes the point that a person may be able to develop performance 

targets which quantify optimum achievement, reflectlng the full 

potential of' the existing electric power technology. Ho"ever, 

th s is a different order of diff'iculty from one which is limited 

to inter-lndustry comparisons based on company reports. 

Stat1stics in a flrms flIes do not indicate the maximum attainable 

levels of performance but the actual levels achieved each year by 

the company producing the report. Wald pOlnts out the diff'lcultles 

when carrying out statlstical analysis of factors in that data of 

different utilities does' not achleve preclse comparability. The 

important result of' statistical analysis is the Signalling of' 

possible out-of'-llne perf'ormance to stimulate detalled analYSis, 

wh1ch he contends can be done by persons who are f'amilar wlth the 

company's operatlons. When considering utllity costs, Wald 

identif'ies the amount of' money being spent on environmental 

protection which alters the structure of' mobility costs. Wald also 

identif'ied a need f'or utilities to launch a series of' studles of' 

the most eff'ective means of' combining high level analytlcal talent 

with the computers capabllity to process data and solve previously 

unmanageable computatlonal problems' related to the analysis 

of' perf'ormance statistics. 
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Barzel ( 3 ) 1n measur1ng product1vity in the eleotr1o 

power 1ndustry examines the appropriateness of the output-per­

unit-of-1nput technique as a measure of produchvity change. 

He starts by say1ng that th1S measure 1S not very appropriate 

because there 1S a large bias in estimating productivity change. 

However the sources of b1as are known and their size can be est1mated, 

so that the produotivlty measure is corrected accord1ngly. 

Barzel considers that after corrections have been made, the 

output-per-unit-of-1nput measure is superior to the most common 

alternative, a production function wlth time trend approach. 

In his development of methods for measuring the efficiency 

in the electr1c supply industry, Pace ( 5 ) set out to evaluate 

the relative eff1ciency of each flrm in a sample of 113 utilities. 

His approach was to develop a multiple regress10n model for 

estimating unit electric costs 1n two five year periods. A 

comparison of actual and pred1cted costs would evaluate relative 

efficiency. Although Iulo ( 6 ) used a s1ml1ar method it 

differed from the Pace method 11'1 the cost concept and statistical 

estimating techniques employed. 

Pace points out that before effective performance -

o~ientated regulatl0n can be introduced by a utility there must 

be the ab11ity to measure relative eff1ciency. When seemingly 

inefficient utilites are called upon to explain divergencies he 

ma1ntains that a combinat1on of pubhc ruspic10n regard1ng quality 

of performance of the eff1ciency problem would result in an 

improvement 1n efficiency. 

Smith ( 4 ) measures performance variables to examine whether 

costs are significantly h1gher or lower than pred1cted. He calls 

--
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his method the "red flag" approach because the "red flag" is a 

warning of actual and predicted costs being divergent. As 

with all these papers, one of the main aspects which is underlined 

is that of gett1ng the correctly def1ned var1ables. 

Pub11cations, regarding pitfalls of statistical analys1s 

by Black (7) and of making comparisions of electr1c utiUties by 

the Edison Electr1c Inst1tute ( 8 ), high11ght the problems of 

comparing like with like. Selection of variables, their def1nitions 

and un1ts of measurement vary widely ut1lity to uti11ty. 

Streissler (12) also emphasises the problems of ensuring that 

selected variables have similar definitions .when mak1ng_compariso~s. 

Mention should be made of an International comparison of 

Thermal Efficiencies (11) which was carried out for several 

countries. Thermal eff1ciency is used throughout the electricity 
-

supply industry as a ratio of output/input in heat terms. The 

output is the heat equivalent of the electric1ty supp11ed to the 

system, the input being the heat value of the fuel used to 

achieve the electrical output, it is therefore a measure of 

productivi ty. Throughout this study the point was made that 

assess1ng like with like was extremely difficult. Variables 

which affected thermal eff1ciency, such as age of generat1ng 

plant, type of f1r1ng or proportion of hydro generat10~, all 

affect thermal eff1c1ency to a differing extent and the study 

merely pointed out the d1fficulties of assessing the affect of 

these variables, without endeavouring to find correlations. 

Mention was made in the Introduct10n to the Report of the 

Plowden Committee of Inquiry (13) which also commented on the 

diffioulty in making comparison~although there was a need for 

them. 
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When setting out to oons1der manpower productlvity, similar 

varIables have effects on the number of staff required and these 

effects have to be quantifled so that an accurate basis for 

comparIson 1S achIeved. The selection of var1ables and method 

used for quant1fy1ng their effect on manning levels is dealt 

wIth in 6.2. 

Between the years 1967 and 1975 the industrial staff levels 

1n the U.K. electricity supply industry have been reduced 

appreciably. 

The 1ndustrial labour force has been reduced by nearly 

51,000 (19), beIng acoompllshed mainly by natural wastage, control 

of recru1tment and voluntary severence schemes. Reduction in the 

number of Industrial staff has been achIeved under a Pay and 

PrOduct1V1ty Agreement based on work measurement. Admin1strative 

staff had also been subject to clerical v'ork measurement and only 

the technical and managerial sections have not reduced numbers. 

An apprecIable Increase In manpower productivity had 

therefore been achieved, and a method of assessing this increase 

was felt by the author to be a worthwhile project for research. 
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4. ELECTRICITY SUPPLY INDUSTRY ORGANISATION 

The present structure of the Electric1ty Supply Industry was 

created by The Electric1ty Act of 1957 ( 13 ) wInch came wto force 

on 1st January 1958. 

This structure comprlses the Electricity Council, in which both 

the generating and distributing sides of the lndustry can resolve 

the1r common problems under independant gu1dance. Together with the 

Electricity Council the industry consists of the Central Electricity 

Generating Board. and twelve Area Boards. An organisation chart is 

shown in Appendix 3. 

4.1 Electricity Council 

The Electric1 ty Council acts as a forum ( 13) 1n which, under 

its independent guidance, both the generating and distributing 

sides of the 1ndustry resolve common problems. 

Membersh1p of the Council at present comprlses the 

Chairman, two Deputy Cha1rmen, one of whom serves part-time, 

and f1fteen members. The f1fteen members consist of the 

Cha1rman and two other members of the C.E.G.B. and the 

Chairmen of the twelve Area Boards. In addition, there are 

specialist advisory members for marketing, industrial 

relations, finance, public and overseas relations, commerce 

and legal matters. 

The Council has no control over the Boards, it is not 

responsible for the f1nancial performance or efficiency of 

the industry. Its functions are "to advise the Secretary of 

State on quest10ns affect1ng the electr1city supply industry 

and matters relating thereto" and"to promote and assist the 

maintenance and development of the Electricity Boards in 

England and Wales of an efficient, co-ordinated and 

economical system of electricity supply". . 
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Specifwally its statutory duties mclude respons1bility 

for estab11shing and maintain1ng machinery for negotiating 

wages and cond1tions of employment, employee consultation, 

setting a general programme of research for the industry, 

borrow1ng on behalf of the Boards and preparation of accounts 

and a.~ual reports. 

4.2 Area Boards 

The twelve Area Boards are directly responsible to the 

Secretary of State and through him to Parhament, tlley are 

the reta11ers of electricity to consumers, both domestic and 

1ndustrial. They also sell and repair domestic appliances, 

provide electricity supplies and run electrical contracting 

business. 

Each Board comprises a Chairman, a minimum Of five 

members and a max1mum of seven members, all appointed by the 

Secretary of State. 

Area Boards are entitled to install generating plant to 

keep local system security, although only the South .Testern 

Electric1ty Board has any of its own generating plant at 

present. 

4.3 The Central Electricity Generat1ng Board (C.E.G.B.) 

The C.E.G.B. is a statutory body whose members are appointed 

by the Secretary of State for Energy, who exercises the 

powers of- ministerial control. 

The principle duty of the C.E.G.B. is to develop and 

maintain an eff1cient, co-ordinated and economical supply 

of electricity in bulk for England and Wales. 

The C.E.G.B. generates and exchanges bulk supplies of 

electric1ty and transm1ts it in bulk to the Area Boards, 

for distribution to domestic and industrial consumers. It 

exchanges bulk supplies with the South of Scotland Electricity 
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Board. and Electric~-(e de France and supplies certa~n 

large consumers direct, such as the United K~ngdom Atomic 

Energy Authority and British Rail. 

The Board, in consultation with the Electricity Council, 

formulates and publishes a Bulk SupplY Tariff' l'rhich governs 

the price which the Area Boards pay for their supplies of 

electric~ty. 

At 31st March 1975 the C.E.G.B. had assets of £3,428m 

which was 58% of the industry's total (18 ), It employed 

66,099 people, 38% of the ~ustry's staff and in the 

f~nancial year 1974-75 was responsible for 82% of the 

industry's total costs on revenue account. 
, 

Under the exist~ng organisation the C.E.G.B. comprises 

a Chairman, Deputy Chairman, three full-time and three 

,part-t~me members and a secretary/solicitor. 

On the next tier below the C.E.G.B. are the five , 

generating RegiOns, which are! North Eastern, North Western, 

Midlands, South Western and South Eastern. Each Region is 

respons~ble for the generation and bulk 275kV and 400kV 

transmission systems. 

Also at this level of the C.E.G.B. organisation are 

the specialist div~sions which cover the following; Generation 

Development and Construction, Transmission Development and 

Construction and Directorates of Engineering, Services, 

Operations, Research, Planning, Personnel Management, Overseas 

Consultancy, Nuclear Health and Safety, Computing, Finance 

and there is a secretary/SOlicitor. 

Production and bulk transmission of electricity is carried 

out by the five Regional organ~sations,each operating its own 

power stat~ons and controlling the parts of the main 

transmission supply system which fall ,·lithin its boundaries. 
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Reg10nal organisat10ns also include services such as 

fuel supplies, research, planning, efficiency, operation and 

ma1ntenanc!". 

The power stations of the C.E.G.B. vary widely in their 

installed capacitY,methods of f1ring b01lers, age of the1r 

plants, and in their plant layouts. Each Region has a 

proportion of all types of stat10n. 

Each power station 1S staffed in similar patterns, each 

has industrial staff for operations and ma1ntenance. There 

are technical staff for operat1ons and ma1ntenance, and for 

specialist services, such as eff1ciency, development and 

chemistry, and there are a number of administrative staff. 

'4.4 Scotland 

Scotland is served by two Boards, the South of Scotland 

Electricity Board and the North of Scotland Hydro-Electric 

Board. 

The two Boards operate their generating plant jointly 

and 23% of the1r 1nstalled capac1ty is 1n hydro-electric 

stations, compared with less than 1% for the C.E.G.B •• 

4.5 Northern Ireland 

The Northern Ireland Electricity Service completes the 

power industry of the United K1ngdom. 

4.6 General 

4.6.1 The South of Scotland Electricity Board is unique 

1n that it comb1nes the functions of generation, 

transmission and sales to the consumer. 

4.6.2 The North of Scotland Hydro-Electric Board and the 

Northern Ireland Electricity Serv1ce, both operate 

1n geographical cond1tions considerably different 

from those in England and ~lales. They are small 
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undertakmgs, each serving bet''1een 2.;:10 and 2.3% 

of U.K. consumers, their territories are rural 

with consumers scattered th1nly over them. 

This project w111 cons1der aspects of 

productivity and forecasting in electricity 

generation and supply, and specifically in the 

United K1ngdom 1ndustry concerns the C.E.G.B. 

and subordinate organisations. 

At the time of writing the report of the 

Plowden Committee of Inqu1rY has been published. 

This Committee was set up by the Secretary of 

State for Energy, its terms of reference were:-

"To examine the structure of the electricity 

supply industry in England and Wales and to report 

to the Secretary of State for Energy". 

The report of the Comm1ttee has been sent to 

the Minister for his considerat1on and therefore is 

st1l1 some time off implementation. 

One major recommendation is that a central 

controlling body be set up, to be named the Central 

Electricity Board. 

In whatever way the electricity industry is 

reorganised at nat10nal level, it is unlikely that 

mann1ng levels at power stat10n level will be affected 

by the findings of the Plowden Committee. 
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5. MANFOWER IN ELECTRICITY GENERATION 

Baslcal~ staffing is divlded into four sections; managerial, 

techn1cal, administratlve and industrial, each secti~n having its 

conditions of employment agreed separately wlth the Electr1city 

Boards. 

5.1 Managerial 

This section comprises managerial and higher executive 

staff, of whom there were 1695 in 1975 (19 ). 

The National JOlnt Managerlal Agreement specifies 

conditions of employment in this Section, the Signatory 

Unlon belng the J~nagerial Section of the Electrical Power 

Engineers' Association. Under the existing agreement and 

structure, ln a power station ,only the J~ager is employed 

under the National Joint Managerlal Agreement. 

5.2 Technical and SClentific 

The headlng of technlcal staff includes engineering 

and scientlfic staffs, all being employed to the conditions 

of the Natlonal JOlnt Board for the Electrlcity Supply 

Industry. The slgnatory Union for this section is the 

Electrical Power Englneers' Association~ 

In 1975 there were 26,421 technical, engineering and 

scientlflc staff employed ln the electricity supply industry(19). 

In recent years,due to the increasing SOphlstication of 

generatlng plant and transmlssion equipment, there have 

been technlcal problems of increasing complexity and as a 

result the numbers of employees, withln this section, have 

lncreased. However, lt is expected that, as older power 

statlons are closed dovTn, resulting from the large surplus 

of generating plant, the number of these employees will 

stabllise. 
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Staff withln thlS Section have agreed, ln princlple, 

to a Job Evaluation Exercise belng carrled out in the near 

fUture. In the long term this may result in a reductlon 

of the ratlo of technical staff to electriclty generated. 

5.3 Adminlstratlve and Clerical Staff 

Staff employed on administrative and clerical duties 

wlthin the industry, work under the National Joint Council 

Agreement for the Electricity Supply Industry. As the 

name implies, these staff carry out adminlstrative and 

clerical duties, and include storekeepers, nursing staff 

and area board sales staff. 

The N.J.C. Agreement is between the Electricity Council 

on one slde and the following signatory Unl0nSj National and 

Local Government Officers, Clerical and Administrative 

Workers' Union, Natl0nal Union of General and !<!unicipal 

Workers' and the Transport and General Workers' Unlon. 

About three quarters of the industry's clerical staff 

are already covered by work measurement technlques whioh 

have been applied since 1972. The industry employs 47,798 staff 

within this section (19). 

5.4 Industrial Staff 

Industrial staff comprise craftsmen, production workers 

and all manual workers, thelr condltlons of employment are 

negotiated under the National Joint Industrial Counoil of 

the Electricity Supply Industry. The slgnatoryunions to 

this Agreement are: The Amalgamated Union of Engineering 

and Foundry Workers, The Plumblng Trades Unlon, The Electrical, 

Electronio and Telecommunications Union, The General and 

Municipal Workers' Union and The Transport and General ~lorkers' 

Union. 
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S1nce 1967 the industrial staff have participated in 

a Pay and l'roduchv1 ty Scheme, whioh was based on work 

measurement and bonus incent1ves. Nationally, the majority 

of industrial staff are paid a bonus under this Scheme and 

the numbers of industr1al staff employed is steady. 

By the end of March 1975 there v/ere 91,048 industrial 

staff employed in the electricity supply industry which is 

approximately 51,000 less than were employed in 1967. The 

reduction in staff was accomplished through natural wastage, 

control of recruitment and vQluntary severence, under the 

provis10ns of the selective payments scheme for industrial 

staff. 

The manning position for the electricity supply industry 

with effect 31st March 1975 (19 )was as follows:-

Number ~ of' Total % of 
Section Employed Total Number Total Employed by CEGB by CEGB Employed Employed 

Managerial and Higher 
798 1.2 1,695 0.98 Executive 

Technical, Engineering 
14,913 22·7 26,421 15.32 and Scientific 

Adm1n1strative, Cler1cal 
8,170 12.4 47,798 27.71 and Sales 

Industrial 39,904 60.3 91,048 52.79 

Technical Trainees and 
2,314 3·4 5,521 3·20 Apprentices 

Totals: 66,099 100.0 172,483 100,0 

Table No. 1 - Number of Staff Employed by the C.E.G.B. 

on 31st March 1975 

- 29 -



6. FACTORS WHICH AFFECT POWER STATION MANNING 



6. FACTORS WHICH AFFECT roWER STATION MANNING 

6.1 Power Statwn Plant - General 

Alternating current electricity is generated in an 

alternator, 1n which a rota~ing magnet1c field 1nduces 

electricity in stat1c windings, from where connections 

carry the electricity to the grid system. Generally a 

steam turbine drives the alternator rotor, the steam being 

ra1sed and superheated in boilers. Boilers may be fired 

by oil, coal on chain grates, pulverised coal, or by 

nuclear fiss10n 1n a reactor. In some countries e.g. Eire, 

peat is used to fuel boilers. 

The C.E.G.B. has a proportion of Gas Turbine Generators 

installed for peak topping and emergency uses. Gas Turbines 

in this case act as gas generators, the gases being used to 

dr1ve a pO~ler turbine wh1ch in turn drives the alternator 

rotor. These sets are usually fully automatic and are 

generally incorpo~ated into power stations which have 

conventional steam turbines as the main plant. 

Older power stations were built on a range system, 

whereby a number of boilers supplied steam to a common 

interconnected pipeline, from which turbo-alternators were 

fed the steam. Generally there were more boilers than turbo-

alternators, which allowed maintenance and insurance surveys 

to be carried out on a boiler whilst there was sufficient 

b011er capacity ava11able to maintain full electrical output. 

The next stage l;as to have an equal :mnnber of boilers and 

turbo-alternators, but an interconnected steam ma1n was 

retained. Other systems, such as feed water, were on common 

mains. 

---
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Since the m1d-nineteen fifties the common pol1cy 

within the Un1ted K1ngdom supply industry has been to have 

one boiler supplying one turbo-alternator, which is called a 

generating un1t, with no 1nterconnect10n to other un1tS. 

Although there was a reduct10n in flex1bility the division 

was an economic one due to the very high cost of alloy steel 

p1ping and valves required to interconnect units, to cater 

for the 1ncreas1ng steam temperature and pressure condit1ons. 

Mann1ng patterns on the operat10nal side also changed. 

With separate 1nterconnected b01lers and turbo-alternators, 

there would be one stoker for each boiler, one driver to 

operate two turbo-alternators. For example, if there are 

twelve boilers and S1X turbo-alternators there will be a 

minimum staff1ng level of twelve stokers and three turbine 

dr1vers, to operate the generating plant, on each shift. 

A modern generat1ng unit will be controlled centrally 

by one un1t operator and one ass1stant unit operator, although 

in some cases there w1ll only be one assistant unit operator 

between two un1tS. Most recent generating un1ts are operated 

and controlled by one man, with all auxi11ary plant, such as 

valves, dampers, pumps and fans, being operated by centrally· 

controlled sequence operated controls. As a result of increased 

automat1c remote control and the 1ncreas1ng unit output the 

productivity of operat1ons staff has r1sen considerably. The 

economy of scale means that the same number of men are required 

to operate one 60MW unit as there are for one 500MW Unit. 

Ma1ntenance staff are d1vided into mechanical, electr1cal 

and 1nstrument departments and within a power station there 

are also coal and ash plant operators and a varying number of 
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storekeepers, gatekeepers, chemical samplers and coal 

samplers. In addition to operations and maintenance roles, 

techn1cal,staff are employed for spec1alist duties such as 

eff1c1ency, chem1stry, planning and development. 

The type of f1ring has a significant effect on manpower 

levels. Coal firing requires more men than 011 firing, due 

to the addit10nal maintenance required, result1ng from the 

abras1ve qualities of coal, which cause wear on conveying 

plant, and ash handling plant. PUlverised coal firing (pf) 

generally needs more staff for maintenance duties than chain 

grate type coal firing. More plant is involved for pf firing,. 

feeders to deliver the coal at a controlled rate to the mills, 

the mills themselves and fans to blow the pi into the boiler. 

This extra plant is subject to severe abrasion and requires 

a large maintenance effort to ensure that the plant has a 

high availability. 

Nuclear stat10ns carry fewer industr1al staff, although 

due to technical soph1st1cat10n and the more stringent 

monitoring of safety standards of plant and personnel, more 

technical and scient1f1c staff are requ1red than in fossil 

fuelled stat10ns. 

Hydro stations requ1re a small manning level compared 

with all the other types mentioned prev1ously. Elf the 

nature of the fluid driving force, remotely operated valves 

and controls and simplicity of the plant, fewer people are 

needed to operate and mainta1n them. 
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6.2 Factors Which Affect Manning 

The Factcrs wh1ch affect power stat10n manning are def1ned 

below, together w1th explanations as to why each Factor has an 

affect on the manning level. 

6.2.1 Installed Capac1ty 

The installed capacity of a power station is 

expressed as the total number of megawatts(MW) the 

station generators w111 produce, for supply to the 

transmission system. 

This is a rated, as des1gned, installed capacity, 

for example 1f the total generating capacity of a 

stat10n is 2100 MW, the assumption may be made that 

117 MW will be consumed by the auxiliary plant of 

the stat10n. Therefore, 1n this example the 

1nstalled capac1ty for supply to the grid system, 

1S 1983 MW. 

The point to be stressed 1S that 1983 }~i is the 

rated output, because in practiye the actual power 

used for auxiliaries varies quite widely from station 

to station. The percentage of total power used for 

works auxiliaries can vary from 5.8% at one power 

station to 10.0% at another station. 

There 1S a wide var1ation 1n installed capacities, 

from s~ 20 MW at the bottom end, to 1983 MW at the 

top end. Generally a small station will require fewer 

personnel to operate and maintain it than a large 

power station, but not necessar1ly proport1onately. 

6.2.2 Age of Generating Plant 

As generating plant gets older the accumulative 

__ effects of thermal and mechanical stress reversals, 

abrasion, erosion and corrOS10n demand an 
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increas~ng repair and ma~ntenance comm~tment. 

Throughout the ~ndustry, planned preventat~ve 

ma~ntenance systems are in use, wh~ch aim at 

re~arb~sh~ng or replacing components which have 

otherw~se a l~mited life,before they fail ~ service 

and cause a reduction in availab~lity or efficiency. 

Th~s system opt~~ses the frequency of maintaining 

a component against the cost of its failure whilst 

in service. 

However, preventat~ve maintenance has a limited 

range and as the years pass by components which 

have eroded over a long period, such as gas ductin~, 

pipework or bo~ler refractories, need patching or 

replac~ng. There is, therefore, a greater need for 

repair and maintenance for older plant, 

in order to ach~eve cons~stent availabilit~es and 

eff~ciency. 

6.2.3 Number of Generating Units 

As described in Section 2.3.1, the number of 

operating staff is determ~ned by the number of 

bo~lers, turbo-alternators and generat~ng units. 

Ma~ntenance staffing will also vary with the numbers 

of generat~ng units, boilers and turb~nes, there 

being proport~onally more men for more plant items, 

even when the capacity of the generat~ng plant ~s 

low. This is because there are more plant components 

with multiples of even small output boilers and 

turbo-alternators than with fewer larger generating 

un~ts. 
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6.2.4 Type of F1ring 

In Section 2.3.1 brief mention was made of 

the effect of different b011er fuels on manpower 

requ1rements. Included under th1s heading arc oil 

firing, coal f1ring, pulverised fuel firing (pf), 

nuclear react10n and although not a type of firing, 

hydro-electric plant is also included. Less than 

1% of the capacity of C.E.G.B. plant is hydro, 

whereas many countries have a high proportion of 

hydro-electric plant. Hydro stations are lightly 

staffed, compared with all other stations, fossil 

f1red or nuclear. 

Oil f1red stations are manned by appreciably 

fewer personnel than pulverised fuel 0r pf) stations. 

For example, an oil fired station having the same 

number o~ generating units, of s1milar age and 

output,as a pulverised fuel station, could have a 

staff of 386 compared w1th 630 for the pf station. 

Coal f1red stat10ns employ fewer staff than 

pf stations, although a direct comparison is not 

qu1te so clear. All post 1955 fossil f1red boiler 

plant built for the C.E.G.B. has been oil or pf 

fired. Cha1n grate coal f1red boilers are only 

built to a maximum output of about 550,000 Ib 

steam per hour which is equivalent to an electrical 

output of 60MW. Pf and oil fired boilers produce 

steam for all sizes of boilers up to the existing 

660MW Unit b011ers. 
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6.2.5 

The reasons why more staff are required for pf 

stat~ons than coal stations ~s that extra plant is 

requIred to feed raw coal to mIlls, to mill it to 

powder and to blo~1 the powdered coal into the boiler. 

By the nature of the coal, this extra plant ~s 

subjected to abrasion and hence a high wear rate. 

AddItionally the ash dust from pf boilers needs 

handlmg. Approximately 2r:tfo of all ash make falls 

to the bottom of the boiler from where men sluice it 

to ash disposal plants, the Br:tfo remaining passes in 

the flue gases to electrostatic precipitators where 

99.3% of dust IS removed from the gases before they 

pass via the chimney to the atmosphere. 

In comparison coal on chain grates requires 

very little handling and the maJority of ash make 

falls after quench~ng onto conveyors, which carry the 

ash to the disposal plant. Only a small proportion 

of the ash passes as dust to the ch,mney and hence to 

the atmosphere. Pr firing demands more staffing to 

carry out ash and dust handling and a greater number 

of maIntenance personnel to repair the milling, ash 

and dust handling plants. 

Ranking upwards in manning levels are hydro, oil, 

nuclear, coal and pf stations, 

Thermal Efficiency 

The thermal efficiency of a power station is the 

ratio of the heat output: heat input, expressed as a 

percentage. 

- 36 -



--

Heat output is the heat equ1valent of the 

electric1ty actually supplied to the grid system, 

the heat 1nput 1S the heat equivalent of the fuel 

consumed to produce the electr1city supplied to 

the Grid, during the same time scale. 

Although thermal efficiency is a technical ratio 

and 1S mainly dependant on the heat cycle conditions, 

it can be influenced by operational and maintenance 

work. 

Thermal efficiency is optimised by station 

management as part of their general aim of reduc1ng • 

generating costs. When, for example, a station 

burns one million tons of coal each year, costing 

£15 per ton a 1%(t.e.O.3% on 30%) improvement in 

thermal efficiency will result in a saving of £150,000. 

The achieving of the optimum rated thermal 

efficiency.for a pO>1er station requ1res a large 

manpower commitment. 

In each boiler all heat exchange surfaces need 

to be clean, sootblowers must have a high availability, 

air heaters clean, dampers must seal when shut, fuel 

must be burned efficiently etc. Turbine glands need 

to be at minimum clearance, condensers need to be 

clean etc.. It will be seen that to carry out work 

on these few examples requires a significant comm1tment 

of manual effort. Power station managements find 

that in many cases the utilisation of manpolier to 

achieve higher plant availabil1ty demands the greatest 

allocation. 
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Thermal eff1ciencies vary from a figure of 

35.5% for a 500 MW Unit to less than 20.0% for 

very small old generating plant. 

It will be apparent that the achievement of 

high output, or utilisation, from plant demands a 

higher manpower commitment than a low output for the 

same capacity of plant. This holds particularly 

true for the boiler side of pOl/er generation plant. 

Therefore utilisation was considered an important 

factor to take into account for this project. 
• 

There is an inter-relationship also between 

utilisation and thermal efficiency. As mentioned 

in the introduction the power station generat1ng 

units are loaded according to a merit order position, 

which is based on the cheapest and most efficient 

units be1ng put on load and loaded higher than less 

efficient plant. If, therefore, the national demand 

is Iowa station with a high unit cost of production, 

which is generally ~related with low thermal 

efficiency, will probably remain shut down. A power 

station which produces cheaper power, even if 

installed plant parameters are similar to the preV10US 

example, will be called on to generate more and hence 

have a higher ut11isation. 

It will be appreciated that 1f a commitment is 

made to increase thermal efficiency and reduce 

generating cost, the resultant increased utilisat10n 

will demand more manpo.~er to keep the utilisation higher I 

than was needed previously. 
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6.2.8 

6.2·9 

Ut11isation 1S expressed as a percentage of 

the un1ts actually generated over a period, divided 

by the maximum number of units which cou],d bave been 

generated during the same period. , 

Power Generated 

Closely al11ed to the utilisation of plant is 

the actual power generated. However, as it has an 

important effect on manpower requirements, in a 

similar manner to utilisat10n, it has been included 

as a var1able. 

The un1t of power generated is kWhr and as the 

f1gures are high the variables used in this project 

are expressed 1n TWhr which is 106 x kWhr. 

Generat1ng Unit Capacity (Average Un1t Size) 

The size of a generat1ngunit has an important 

bear1ng on manning levels, the economies of scale 

result 1n manpower requirements being much less 

than pro-rota output for output. We have mentioned 

earyer that the same number of men will operate a 

60 MW Unit as a 500 MW Unit. However the larger 

units are more complex and use more sophisticated 

systems than the small units, hence they demand 

more men to maintain them. The increased requ1rement 

1S l:!mvever, far less than the proportional difference 

in size would suggest. 

The average unit size for a given pOI~er station 

is used as a var1able and is expressed in ~Iegawatts (MW). 

General 

Hav1ng identified the variables which will be 

used in the project for assessing manpol~er levels 
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and explaining why they affect manning levels it 

should be pointed out that some of these variables 

are not subJect to decisions by operating.managements. 

The interplay between thermal efficiency, 

utilisation, units generated is determined to a large 

extent by the decisions taken by management during 

the life of the station. 

FLxed variables such as installed capacity, age 

of plant, number of units, type of fUel and average 

set size are decided initially by ~nagement, but cannot 

in general be changed later on a manning level basis. 

When the decisions are taken to design a power 

station the variables mentioned above w1l1 be decided 

on technical and economical grounds. Manning levels 

do not affect the deciSions, although when it is 

decided what the physical arrangements of a power 

station u1ll be, the philosophy of control lfill be 

up-to-date hav1ng evolved over the years. Plant 

layout, part1cularly control arrangements, will be 

designed to allow operation by the smallest number 

of operators. 

The Board also pursues policies based on terotechmlogy 
I 

1n that good ava11ability should be designed into the 

generat1ng plant before 1nstallat10n. The philosophy 

of the Board 1S that defects, which, in the past, have 

caused loss of ava1labi11ty will be designed out of 

new plant. 'lhe power plant design organisation operates 

to this philosophy. 
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7. METHODS AND THEIR APPLICATIONS 
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7. METHODS AND THEIR APPLICATIONS 

The data comprlses values of the technical factors and manpower 

levels for each power statlon of the Central Electricity Generatlng 

Board, with effect the year ending 31st March 1973. This data has 

been put together in Table No. 43. 

Table 43 is arranged so that the thlrteen columns, one for each 

variable, are kept together for each power station. All the power 

stations of a·regl0n are listed together and are unnamed. The regl0ns 

are 11sted ln order of their allotted number. 

The variables, their unit of measurement used in the project and 

their column number are identlfied as follows:-

Column 1 - Installed Capaclty:-is expressed as ~!W 
10 

Column 2 - Age of Statlon:-the age of a power station is calculated 

by substracting 1926 from the year of completion. 

The figure 1926 was selected as being the date of 

oompletl0n of the oldest power station, i.e. if 

completed In 1965 the age factor would be quoted 

as 1965 - 1926 = 39. 

Column 3 - Number of Generating Unlts:- the number of turbo-alternators 

lnstalled in the power station. 

Column 4 - Type of Flrlng:- each type of flring lS allocated a unlque 

digit as follows:-

2 - Coal flred 

3 - Pulverised fuel (coal) fired 

4 - Nuclear fisslon 
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Column 5 - Thermal Efflciency:- speclfled as a percentage, being the 

average thermal efficiency for the power station for 

the preceding year. It is the thermal efficiency 

wlth WhlCh fuel was converted lnto electriclty 

supplled to the grid system. 

Column 6 - Power Generated:- the total power supplied to the grid 

system by the power station during the preceding 

year, units expressed as 10
6 kWhr ' 
100 

Column 7 - Utillsation:- annual utilisat10n expressed as a percentage, 

where utilisation is defined as the ratio of units 

actually supplled to the grid system, divlded by 

the number of units which the plant could have 

supplied lf run continuously, atcontinuous maximum 

rating for the same period. 

Column 8 - Average Set Size:- average output capacity of each turbo-

alternator ln the power station, obtained by dividing 

the installed capacity by the number of turbo-

alternators. 

Column 9 - Operating Region:- The C.E.G.B. production and transmission 

is divided between five operating Regional 

organisations. Managements of Regl0ns may have 

different pollcies regarding manpower levels and 

patterns which have measurable effects, therefore the 

operatlng region becomes a variable to be considered 

in this project. 

In the Table each Region is allotted a digit, 

I, 2, 3, 4 and 5, the stations being listed in order 

of the Regions in which they operate, i.e. all No. 1 

Regl0n's power stations are listed, then No. 2 Region's 

stations, and so on. 
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Column 10 - Technical and ScientIfIc Staff:- this column shows the 

number of technical and soientific staff employed 

in the power station. In order to aohieve brevity 

the staff In this section wIll be referred to as 

technical staff. 

Column 11 -Administrative Staff:- the number of administrative staff 

employed in the power station are quoted in this 

column. 

Column 12 - Industrial Staff:- this figure shows the number of 

Industrial staff employed in the power station. 

Column 13 - Total Staff:- the total number of technical, administrat,ve 

and industrial staff employed at the station i.e. sum 

of columns 10, 11 and 12. 

Manpm<er Ratios 

In addItion to consIdering these thirteen va~iables, two further 

variables were included. These were 14, Ratio of technIcal staff to 

total staff and 15, Rat,o of admInistrative staff to total staff, 

beIng derived from the values tabulated. 

These ratios were selected to show whether they had any real 

sIgnIfIcance and \;hether high values would give commensurate higher 

thermal effIcIencIes and utIlIsat,on. It could be that more technIcal 

staff per total would, as a result of more than normal technIcal 

knowledge beIng applIed to problems, result in better solutions and 

hence hIgher thermal eff,cIences. Conversely if low ratios had more 

effect it would show that IndustrIal staff i.e. manual workers and 

tradesmen, were used more effectIvely and gave better performance. 

SImIlar reasons were pertInent for IncludIng variable l5. 
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7. 2 I!:ETHOD OF ASSESSING MANRJI'ffi:R PRODUCTIVITY 

In Section 6 the variables which are assumed to affect, 

d1rectly or 1ndirectly, power station manning levels are 

l1sted and the reason for select1ng them explained. 

Having decided on these var1ables it was necessary to 

test whether the var1ables do actually have any s1gnificance 

with regards to mann1ng, or whether any relationship is 

accidental. 

On a logical bas1s, it would be reasonable to assume that 

if more industrial staff are thought necessary to achieve 

higher levels of ut1l1sation and thermal efficiency, then an 

increase in admin1strat10n staff will be necessary, to 

administer the higher number of staff, to meet the higher pay 

and productiv1ty scheme work load etc •• 

Briefly, the method w1ll be assessing the significance of any 

relationship between the variables and manning levels, after 

which the intens1ty of any such relationships will be 

determ1ned. 

When relat1onsh1ps are validated they will be expressed in 

mathematic form by determination of equations connecting 

variables, the data is used with correspond1ng values of the 

variables under cons1deration from Table N0'43~ 

The correlation, or degree of relationship, betlvsen the 

variables was found by nmltiple rather than by simple 

regression, there being fifteen variables involved. 

--
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Least square regressl.on curve fi ttl.ng was used. The 

disadvantages of using the least squares method where many 

very large value samples have a greater l.nfluence than those 

samples lower down, were mitigated by removing very small stations 

from the data for calculatl.on purposes (recently the C.E.G.B. 

has closed down these small obsolete power stations). This 

ensures that ~east squares' is relevant as the curve fitting 

method for thl.s type of project. If the values of variables 

had remal.ned as stated above an alternatl.ve method would 4ave 

been advantageous. 

In addition, stations were withdrawn which were not 

representative of their Sl.ze. TYpical cases were new 

uncommissioned power stations which had not been staffed to 

establl.shment levels, and new stations where particularly 

onerous problems in commissioning were bel.ng encountered. 

In the latter case, the very large temporary staffing levels 

were untypical for established power statl.Ons and would be 

reduced when the power statl.on was fully commissioned • 
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Installed Capacity as Dependant Variable 

Overall 

F = 228.07 r 2 = 0.9647 (96.47%), Approx. P = 0.100 x 10-74 

Ind~vidual Results ---------

P 
No. Approx. 
of Var~able 'r' Probab~li ty 

Variable by pure chance 

2 Age of Station 0.685 0.146 x 10-18 

3 No. of Gen. Um. t s 0.239 -2 0.572 x 10 

4 T,ype of fumg 0.390 0.154 

5 Thermal Eff~c~ency 0.735 0.108 x 10-22 

6 Un~ts Generated 0.877 0,.351 x 10-42 

7 Utilisatwn 0.133 0.125 

8 Un~t Capac~ty 0.933 0.944 x 10-59 

9 Re~on 0.297 0.531 x 10-3 

10 Techn~cal Staff 0.713 0.896 x 10-21 

11 Adm~mstrative Staff 0.750 0.195 x 10-22 

12 IndustrIal Staff 0.696 0.180 x 10-19 

13 Total Staff 0.715 0·571 x 10-21 

14 Ratio 10 . 13 0.010 0.111 x 10 . 
15 Raho 11 : 13 0.164 0.589 x 10-1 

Table No. 2 - Predicting Installed Capacity 

The results show that nine of the variables were highly 

significant when pred~ctlng the installed capacity of a power 

station, one varIable was signIficant and two had no 

s~gn~ficance, two were affected by auto-correlation. 

Overall the F value was high, 96.47% of the variation could 

be explained aw~ and the approXImate probability of these 

results be~ng by pure chance IS extremely low. 

--In pred~ct~ng ~nstalled capacity, the two variables, 

type of flr~ng and utIlisatIon had no signIfIcance. 
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That the type of f1r1ng has no sign1ficance indicated that 

stat10n capac1ties were dec1ded 1rrespect1ve of the type 

of f1ring. The cho1ce of fuel would be based on the 

econom1CS and ava1lability of fuels. Nuclear stations var,y 

from med1um S1ze to very large ma1nly because even the 

earl1est C.E.G.B. nuclear stat10ns are comparatively new, 

their nUolear reactors being matohed to large capacity turbo _ 

alternators. 

Ut1lisat10n of power stat10n plant depends on 

funotions of thermal eff1ciency, fuel and other generation 

costs and plant ava1lab1l1ty. Poor early performance of 

ver,y large un1ts and stations probably contr1buted to the 

lack of s1gnif1cance of util1sat10n in predicting installed 

capacity. 

Units generated and unit capacity were affected by their 

auto-correlat1on >uth 1nstalled capacity. This occurred 

because for example when calculating units generated the 

installed capacity is 1ncluded in the calculation, i.e. units 

generated = 1nstalled capacity x utilisation x time. Therefore 

when predicting 1nstalled capacity, the dependant var1able 

occurred at each s1de of the regressiGn. 

Thermal effic1ency had the greatest significance 1n 

this case. Installed capacities have increased over the 

years, generally as generating unit sizes have grown with 

developments 1n mater1als and des1gn. Larger sizes with 

attendant higher steam cond1t10ns have 1mproved thermal 

efficiencies. 

S1milarly the age of the stat10n was highly sign1f1cant 

1n predict1ng 1nstalled capacity. 

All classes of staff1ng were highly significant in 

predicting installed capacity, the1r signif1cances be1ng 

of a s1m1lar order. 
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This 1S understandable 1n that more plant requ1res more 

techn1cal'and 1ndustr1al staff to operate and ma1ntain 

1t and 1n turn these al11ed 1ncreases required more 

adm1nistrative staff. 

The ratio of techn1cal staff: total staff had no 

slgn1ficance whereas the adm1n1strative staff: total 

staff rat10 had some s1gn1ficance. 
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7.2.2. A~ of Stat10n as Dependant Varlable 

Overall 

F = 23.77, Approx. 8 -27 P = o. 34 x 10 

Indlvldual Results 

P 
No. Approx. 
of Var1able • r' Probabili ty 

Var1able by pure chance 

1 Installed Capacity 0.685 0.146 x 10-18 

3 No. of Gen. Units 0.188 -1 0.305 x 10 

4 Type of fuing 0.326 0.131 x 10-3 

5 Thermal Efficiency 0.774 0.152 x 10-26 

6 Units Generated 0.657 
-16 0.128 x 10 • 

7 Uhlisahon 0.444 
' -6 
0.102 x 10 

8 Um t Capac1 ty 0.640 0.154 x 10-15 

9 ReglOn 0.026 0.778 

10 Technical Staff 0.685 0.139 x 10-18 

11 Administratlve Staff 0.1$83 0.167 x 10-18 

12 Industrlal Staff 0.558 0.390 x 10-11 

13 Total Staff 0.594 0.598 x 10-13 

14 Ratio 10 : 13 0.083 0.328 

15 Raho 11 . 13 0.039 0.637 . 

Table No. 3 - Predicting Age of Station 

The overall results were agaln sat1sfactory, although 

they were all of appreciably lOI,"Br significance than when 

pred1cting installed capacity. However they showed that 

the eleven signlficant variables I~ere sat1sfactory for 

predict1ng the age of a Power Station. 
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Thermal efficiency was again the variable wlth the 

highest slgnlflcance. Installed capacity was slightly 

slgnlflcant and of slmllar order of signiflcance were the 

numbers of technical staff and admlnistratlve staff. 

Units generated and unit capacity were, not surprisingly, 

hlghly slgniflcant. 

The Reglon and both manpower ratlo variables, showed 

no significance. Generally speaking each Reglon has 

power statlcns of varylng age and when the geographical 

boundarles of Regl0ns were considered the age of statlon' 

would not have been a conslderatl0n. 

Manpower ratl0s were of no significance and indicate 

that ~he ratios do not change whether a power station is 

old or new, whereas the actual numbers of men employed in 

these categorles vary with the age of station., 
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,1. 2.3. Nu~~er of Generating Units as Dependant Variable 

Overall 

F = 21.18, r2 = 0.1110 (11.10%), Approx. P = 0.9493 :le 10-25 

Ind1v1dual Results ----------

No. P, Approx. 
of Variable 'r' Probabili ty 

Var1able by pure chance 
. 

1 Installed Capacity 0.239 -2 0.512 x 10 

2 Age of Stabon 0.188 -1 0.304 x 10 

4 Type of f1rmg 0.032 0.71 

5 Thermal Eff1c1ency 0.180 -1 0.378 x 10 

6 Un1ts Generated 0.259 -2 0.251 x 10 . 
, 

7 Uhlisabon 0.068 0.416 

8 Um t Capaci ty 0.031 0.658 

9 Region 0.401 0.119 :le 10-5 

10 Technical Staff 0.392 0.325 x 10-5 

11 Administratwe Staff 0·497 
-8 0.138 x 10 

12 IndustrIal Staff 0.605 0.156 x 10-13 

13 Total Staff 0.576 0.495 x 10-12 

14 0.270 -2 Rat 10 10 · 13 0.171 x 10 · 
15 Ratio 11 13 0.210 -1 · 0.153 x 10 · 

Table No. 4 - Predict1ng NUmber of Generating Units. 

In predict1ng the number of generating sets, the results 

overall show that the eleven individually signif1cant 

var1ables had a. s1m1lar order of sign1ficance to those 

predict1ng the age of a power station. 
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The m03t slgniflcant indivldual variable was the number 

of lndustrlal staff although the total staff, administratlve 

staff and technlcal staff were all hlghly signiflcant. 

In thlS case the Region proved the most signlflcant 

probably because some Regions include large conurbatlons 

wlthin thelr boundarles, which have a number of old small 

statlons oontaining a large number of generatlng sets. 

Utllisation had no signlflcance WhlCh is logical; 

utllisation is dependant on physical characterlstics of 

generatlng plant such as thermal efficiency rather than the 

number of generatlng sets lnstalled in a power station. 

The type of flrlng also had no signiflcance In predlcting 

the number of generating sets. 

Generatlng set capaclty lS affected by auto correlatlon 

wlth regard to number of generatlng sets as it is caloulated 

by dlvlding the lnstalled capaclty by the number of generatlng 

sets, the latter belng the dependant variable in this instance. 

Installed capaclty, age of statlon, thermal efficiency 

and unlts generated were also signiflcant varlables for 

predictlng number of generatlng sets. 
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Type of Fir1ng as Dependant Variable 

Overall 

F = 3.76, r2 = 0.3102 (31.02%), Approx. P = 0.3268 x 10-4 

IndiV1dual Results 

No. 
of Var1able 

Variable 

1 Installed Capac1ty 

2 Age of Station 

3 No. of Gen. Units 

5 Thermal Efficiency 

6 Un1ts Generated 

7 

8 

9 

10 

11 

12 

Ut1hsation 

Unit Capacity 

Regl.On 

Technical Staff 

Adm1nistrat1ve Staff 

Industrial Staff 

Total Staff 

Ratio 10: 13 

Ratio 11 : 13 

. , 
r 

0.123 

0.326 

0.032 

0.212 

0.255 

0.394 

0.168 

0.090 

0.359 

0.344 

0.289 

0.309 

P, Approx. 
Probabl.li ty 

by pure chance 

0.154 

0.131 x 10-3 

0.718 

-1 0.143 x 10 

-2 0.304 x 10 

0.302 x 10-5 

0.534 x 10-1 

0.289 

0.230 x 10-4 

0.550 x 10-4 

0.740 x 10-3 

0.302 x 10-3 

-0.000724 0.284 

0.058 0.487 

Table No.5 - Predicting Type of Firing. 

Nl.ne varl.ables were shown to be 1nd1v1dually significant 

1n pred1ct1ng type of f1r1ng. Overal~'F'was satisfactory 

although at 3.76 apprecl.ably smaller than in previous cases, 

only 31.02% of the variability could be ex]?lained al~y, although the 

approximate probab1lity that the results could occur by pure 

chance was sat1sfactorl.ly low. 

The most s1gn1f1cant variable was utilisation and 

ind1cated that the h1gher order fuel (nuclear) was highly 

ut1lised. Th1S phenomenum being due to the low cost of 
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generat~on of nuclear reaotors, nuolear fuels being cheap 

although ~nstallat~on capital costs are high. High nuclear 

util~sation therefore is due to low generating costs and also 

~nflex~b~l~ty of magnox nuclear reactors ,-1hich encourages 

the ma~ntenance of h~gh loads. 

Not surprisingly the manpower variables were s~gnificant 

~n predicting the type of f~r~ng, whereas the two manpower 

ratios had no significance. It could have been anticipated 

that the rat~o techn~cal staff : total staff would have been 

different for nuclear stat~ons than for coal f~red stations 

as the ~ncreased safety and health mon~toring and 

sophistication of these stations results in a larger number 

of techn~cal and sc~entif~c staffs proport~onally to other 

staffs,than in conventional fossil fired stations. 

The age of the stat~ons, thermal eff~ciency, units 

generated and size of generating set were sign~ficant in 

pred~ct~ng type of f1r~ng. 

There aga1n all s~zes of generat~ng plant have been 

installed whether for Oil, pf f1ring or in nuclear stations, 

although cha1n grate coal boilers were only used in 

associat10n with generat1ng units of up_to 60MW capac1ty. 

Installed capcity, number of generating sets and Region 

had no s1gn~f~cance, all of which can be expla1ned 

satisfactorily. 
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...... --------------~77.~2~.~5~.---Th~e~r;mal Efflclency as Dependant_Varlable 

Overall ----
F = 29.05, 

·2 
r 0.7766 (77.66%), 

Individual Results 

No. 
of Varlable 

Varlable 

1 Installed Capacity 

2 Age of Statlon 

3 No. of Gen. Units 

4 Type of Firlng 

6 Unlts Generated 

7 Uhhsation 

8 Uni t Capacl ty 

9 Reglon 

10 Technical Staff 

11 Admini stra t ive Staff 

12 Industrial Staff 

13 Total Staff 

14 Ratio 10 : 13 

15 Ratio 11 . 13 . 
, 

-30 Approx. P = 0.1493 x 10 

P 
Approx. 

'r' Probabili ty 
by pure chance 

0.735 0.108 x 10-22 

0.774 0.152 x 10-26 

0.180 -1 0.378 x 10 

0.212 -1 0.143x10 

0.722 0.141 x 10-21 

0.479 
. -8 
0.592 x 10 

0.667 0.256 x 1017 

0.073 0.388 

0.638 0.190 x 10-15 

0.676 0.576 x 10-18 

0.598 0.360 x 10-13 

0.620 0.208 x 10-14 

0.070 0.398 

0.150 0.831 x 10-1 

Table No.6 - Predicting Thermal Efficiency. 

Overall the results were much more satlsfactory In this 

case, the twelve signlflcant varlables belng very satisfactory 

overall In predlctlng thermal efflciency. 

The overall results show a much higher significance when 

predicting Thermal efficiency, than in the previous case where 

T,ype of firing was being predicted. 
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The most s1gruhcant var1able for pred1ct1ng thermal 

eff1c1ency was the year of 1nstallat1on, or the age of the 

stat, on. Thermal effic1ency was more a funct10n of the year 

of 1nstallat1on than of the S1ze of generating unit. The 

explanat10n would be that as plant became more advanced 

techn1cally the thermal cycle became inherently more effic1ent. 

S1milar cycle cond1 bans were used for 200],!\~ Urn ts as for 

500MW Un1ts for example. Installed capacity had a greater 

s1gnif1cance 1n pred1ct1ng thermal eff1c1ency than did the 

size of generat1ng unit. Un1tS generated was a highly 

significant variable which was to be expected as the higher 

the thermal eff1c1ency the more generat10n 1t will be called 

upon to prov1de. 

However, un1tS generated had an appreciably higher 

s1gnif1cance than util1sation, which 1S probably due to new 

large generat1ng un1ts not having a high utilisat10n as a 

result of low ava1lab111ty rather than poor thermal effic1ency. 

In other t"lOrds 1f the large units could have performed at 

higher loads they would have done so due to having higher thermal 

eff1ciencies, but despite having lower ut111sation they 

generated a large number of units, due to their high ind1vidual 

capacity. 

The number of generating sets and type of firing, although 

sign1ficant, were of a much lower order than those ment10ned 

above. 

Highly signif1cant were the four manpower level variables: 

technical, adm1nistrative, industrial and total staffs, whereas 

once again the manpower rat10s were much less Significant, in 

fact the rat10 techn1cal staff to total staff had no signif1cance. 
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The latter could have been expected to have some significance 

1n pred1cting thermal eff1c1ency. A h1gher ratio of 

techn1cal staff should Y1eld improvements in thermal 

eff1c1ency. 

Region showed no s1gnificance in predict1ng thermal 

effic1ency, aga1n no surpr1se as it 1S to be expected that 

each operat1ng Reg10n w1ll place equal emphasis on maintaining 

opt1mum thermal eff1c1ency. 
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7. 2•6• Un1ts Generated as Dependant Variable 

Overall 

F = 75.70, r2 = 0.9006 (90.06%), Approx. P = 0.9682 x 10-51 

Ind1V1dual Results 

No. P, Approx. 
of Var1able 'r' Probab1li ty 

Var1able by pure chance 

1 Installed Capacity 0.877 0.351 x 10-42 

2 Age of Station 0.657 0.128 x 10-16 

3 No. of Gen. Units 0.259 -2 0.257 x 10 

4 T,ype of F1r1ng 0.255 -2 0.304 x 10 

5 Thermal Efficiency 0.722 0.141 x 10-21 

-6 • 
7 Uhhsahon 0.437 9.161 x 10 

. 
8 Um t Capac1 ty 0.812 0.370 x 10-31 

9 Reg10n 0.338 0.731 x 10-4 

10 Technical Staff 0.734 0.124 x 10-22 

11 Adm1nistrat1ve Staff 0.768 0.641 x 10-26 

12 Industr1al Staff 0.725 0.906 x 10-22 

13 futal Staff 0.743 0.192 x 10-23 , 

14 Ratio 10 : 13 0.015 0.983 

15 11 13 0.166 -1 Ratio : 0.560 x 10 

Table No. 7 - Predicting Units Generated 

The overall results sh01-1ed a high order of si5'nif'icance. 

Eleven of' the variables proved to be significant in 

predict1ng Un1ts generated by power stations. 

Two of' the fif'teen variables, Installed capacity and 

generating Un1t Capac1ty were affected by auto correlation and 

would therefore be om1tted 1n future prediot1ons of Units, 

generated. 
• 
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The ratlo of technical staff : total staff had no 

slgniflcance, that of admlnistrative staff : total staff 

had some slgniflcance. 

Industrlal staff had the greatest slgnlflcance WhlCh 

lS a fair lndicatl0n of the important contributlon lndustrial 

staff provlde to achleve generated unltS. 

Technical, admlnistrative and total staffs were only 

slightly less significant in predlct:ing units generated and 

each staffing varlable had a much higher signiflcance than 

any of the technlcal variables. Thermal efflCiency was the 

closest ln lmportance to the manning variables and it is 

acknowledged that hlghly efflcient plant will contribute 

proportionally more generation. ROliever, the importance of 

manpower to achieve generation is identlfied in these results. 

Age of plant was highly signlflcant and can be identlfied 

relative to thermal efflciency with the realisation that younger 

plant will contrlbute more to units generated than old plant. 

Utilisatl0n had a higher significance than the type of 

flring or number of generating sets, no type of fuel contributed 

more generation than any other unless the utilisation is higher. 

Uhlisation lS based on generating' costs lncluding thermal 

efficiency, emphasising that thermal efficiency had the 

greatest slgnificance of the technical variables, underlining 

the merit order system of loadlng generatlng plant operated 

by the C.E.G.B •• 
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Uti11sat1on as Dependant Variable 

Overall 

F = 25.62, r2 = 0.754 (75.4%), 

Ind1vidual Results , 

No. 
of Var1able 

Var1able 

1 Installed Capac1ty 

2 Age of Stahon 

3 No. of Gen. Units 

4 T,ype of FU1ng 

5 Thermal Effic1ency 

6 Uni ts Generated 

8 Un1 t s Capam ty 

9 Region 

10 Technical Staff 

11 Admin1strative Staff 

12 Industr1al Staff 

13 Total Staff 

14 Ratio 10 : 13 

15 Ratio 11 . 13 . 

-28 Approx. P = 0.3501 x 10 

P, Approx. 
'r' Pro bab111. ty 

by pure chance 

0.133 0.125 

0.444 -6 0.102xl0 

0.068 0.416 

0.394 0.3025 x 10-5 

0.479 
-8 0.592 x 10 

0.437 0.161 x 10-6 

0.134 0.121 

0.049 0.546 

0.489 0.251 x 10-8 

0.456 0.375 x 10-7 

0.356 0.265 x 10-4 

0.389 0.373 x 10-5 

0.052 0.526 

0.068 0.411 

Table No. 8 - Pred1cting Utilisation 

The overall results, although not as high as previously, 

. 

were of sat1sfactory levels, prov1ng that the eight individually 

sign1ficant var1ables were acceptable for pred1cting ut1l1sat10n 

of power stat10n plant. 

Tehn1cal staff were highly signif1cant and pointed to 

utilisation levels depending more on the technical and 

scientific staff contribut1on than the administrative and 

---
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industr~al staffs. However, the four staff level variables 

were all highly sign~f~cant whereas the two manpower ratio 

variables had no signif~cance. The proport~ons of techn1cal 

and admin1strat1ve staffs to the total staff1ng had no 

s1gn~f1cance and no ~mportance 1n pred~ct1ng plant utilisation, 

although each sect~on of manpower had an important role. 

The technical variables thermal eff~ciency, units generated, 

the age of stat~on and type of firing were highly Significant. 

Understandably thermal efficiency had the highest Significance, 

more so than the age of the station and units generated. It 

was to be expected that plant w~th the highest efficiency would 

be called upon for the highest utilisation. The age of station 

and thermal eff1ciency were closely all~ed as was seen in 

sechons 7,.2.2 and 7.2.5. 

Installed capac~ty, number of generat~ng sets, generat~ng 

unit capac~ty and the Region also had no s~gnif1cance in 

pred~cting ut111sation. 

The only unusual aspect being that generating unit 

capacity was not s~gnificant. It was to be expected that 

larger units would have been highly uti11sed, being more 

efficient than smaller units, the conclusion to be drawn 

being that the large un1ts suffered from poor availability 

and were not runable when requLred. To a lesser extent 

~nstalled capac~ty m~ght well have had some s~gnif1cance in 

th1s case, because the larger units tend to result in a stat10n 

of h1gher ~nstalled capac1ty. Therefore the explanation 

is probably that the lower ava11ab11ity of large units was 

the reason for the lack of sign1ficance of installed capacity. 
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The results show that the Regions adopted a common 

policy of opt1mis1ng thermal eff1ciency, with resultant 

ut1l1sat1on levels. 
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7. 2•8• Un1t Capac1ty as Dependant Variable 

Overall 

F = 114.28, r2 = 0.9319 (93.19%), Approx. P = 0.298 x 10-60 

IndiV1dual Results 

No. P, Approx. 
of Var1able 'r' Probabihty 

Var1able by pure chance 

1 Installed Capacity 0·933 0.944 x 10-59 

2 Age of Station 0.639 0.154 x 10-15 

3 No. of Gen. Units 0.037 0.658 

4 T,ype of Firing 0.167 -1 0.534 x 10 

5 Thermal Effic1ency 0.667 0.256 x 10-17 • 

6 Un1ts Generated 0.812 0.370 x 10-31 

7 Ut1lisation 0.134 0.121 

9 Reg10n 0.327 0.123 x 10-3 

10 Technical Staff 0.656 0.142 x 10-16 

11 Admlnistrative Staff 0.647 0.506 x 10-16 

12 Industr1al Staff 0·594 0.583 x 10-13 

13 Total Staff 0.619 0.258 x 10-14 

14 Raho 10 : 13 0.078 0.360 

15 Ratio 11 . 13 0.122 0.158 . 

Table No. 9 - Predicting Unit Capacity 

The overall results proved very satisfactory, 'F' was 

high, 93.19% of the variability could be explained away and the 

approx1mate probabllity that the results could have occurred 

by pure chance "Tas extremely low. 

Thermal efficiency was the variable with the highest 

slgniflcance, the age of the station only slightly less 

significant. The Region proved to be significant as was the 
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type of flring. It lS understandable that Regions may have 

dlfferlng proportlons of generatlng unlt capacities. The 

Mldlands Reglon for example has the largest number of 

modern large unltS due to their proxlmity to cheaper coal, 

and COOllng water from the Rlver Trent, whereas the North 

tlestern Region has fewer large units but more small stations 

containlng smaller generating units. The latter result is due 

to the m~ urban authority stations WhlCh were quite old. 

That the type of flrlng was signlficant in predicting 

set size may be explalned by the chain grate coal fired 

boilers only belng used in stations having turbo-alternators 

of up to 60Mlf capaclty. Pulverised fuel and oil are used 

for slmilar sizes of generatlng plant, and nuclear stations 

use medium to large generating sets, although the largest 

of 660 MVl are not yet commissioned being coupled with the 

Advanced Gas Cooled Reactors. 

Installed capacity and units generated were considered 

to be affected by auto correlatl0n in the prediction of 

generatlng unit capacity. 

Not surprismgly the munber of generating units was not 

slgniflcant, however it would have been reasonable to expect 

utilisation to be signlficant in predictlng generating unlt 

capacity. The explanation yet again being that some of the 

large generating units at thlS tlme were not available 

sufflclent~ to achieve the utillsation that their efflo1ency 

and generating cost would have warranted. 

The slgniflcance of the varl0US staffing levels and 

ratios followed a similar pattern to those found in prevlous 

oases. Technlcal, adminlstrative, lndustrlal and total 
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stafflng levels were all hlghly significant in predictlng 

generat1ng unit capaclty, whereas the two ratio variables 

had no slgniflcance. Poor availability of the very large 

generatlng unlts where technlcal staff: total staff ratios 

are hlgher than for smaller generating units probably accounts 

for thlS lack of slgnificance. 
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Reg10n as Dependant Variable 

Overall 

F = 9.49, 
2 

r = 0.5317 (53. 17%), 

Ind1v~dual Results 

No. 
of Var1able 

Var1able 

1 Installed Capacity 

2 Age of StatlOn 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

14 

15 

No. of Gen. Un1ts 

T.Ype of F1ring 

Thermal Eff1c1ency 

Un1ts Generated 

Ut111sahon 

Unit Capacity 

Techmcal Staff 

Admin1strative Staff 

Industr1al Staff 

Total Staff 

Raho 10: 13 

Raho 11 : 13 

-12 Approx. P = 0.1041 x 10 

'r' 

0.297 

0.026 

0.407 

0·090 

0.073 

0.338 

0.049 

0.327 

0.324 

0.329 

0.437 

0.423 

0.131 

0.159 

P,Approx. 
Probabl.l1 ty 

by pure chance 

0.532 x 10-3 

0.776 

0.119 x 10-5 

0.289 

0.388 

0.731 x 10-4 

0.546 

0.123 x 10-3 

0.145 x 10-3 

0.120 x 10-3 

-6 0.155 x 10 

-6 
0.443 x 10 

0.129 

0.660 :le 10-1 

Table No. 10 - Predicting the Region 

The overall results were much poorer than in previous 

cases, although of a satl.sfactory level with regard to the 

reliability of the n1ne individually sl.gnifl.cant variables 

in predl.ctl.ng the Regl.on. 

Generally the varl.ables show a hl.gher sl.gnifl.cance in 

predict'l.ng techmcal factors of power stat10n than in 

pred1ctl.ng the Region. 
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Industr1al staff1ng had the highest signif1cance_which 

is interest1ng in that it 1nd1cates that Regions have varying 

patterns of manning of industr1al staff. Total staff is 

only sl1ghtly less s1gn1f1cant, 1nclud1ng in its number the 

1ndustr1al staff. Techn1cal and administrative staff were 

highly signif1cant and of a s1milar order of sign1ficance. 

The ratio technical staff : total staff had no signif1cance 

but the rat10 of adm1n1strat1ve staff : total staff was 

s1gnif1cant, indicat1ng that Reg10ns vary 1n the1r pol1cies 

regarding the number of administrat1ve staff employed in 

relat10n to other staffs. 

Installed capac1ty, number of generating units, units 

generated and generat1ng unit capacity were significant 1n 

th1s case. 

Age of station, type of f1ring, thermal efficiency and 

ut1l1sation had no s1gn1f1cance 1n pred1ct1ng the Reg10n. 

Thermal effic1ency opt1m1sation is common to all Regions' 

po11c1es and 1t turned out that util1sations were of a 

s1milar order for each Region. This was despite vary1ng 

patterns of installed capacit1es, generating un1t capacit1es 

and number of generat1ng units. With utilisat10ns of sim1lar 

values h1gher units generated were therefore a result of 

larger 1nstalled capac1ties and V1ce versa. 

In br1ef, Regions had d1fferent manning levels and 

pol1c1es, operated stations of d1ffer1ng patterns of plant 

capao1ties,but all operated sim1lar pol1c1es of opt1mising 

thermal eff1cienc1es. 
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7.2.10. Techn1cal Staff as Dependant Var1able 

Overall 

F = 885.02, r2 = 0.9906 (99.06%), Approx. P = 0.100 x 10-74 

Individual Results 

No. 
of Var1able 

Var1able 

1 Installed Capacity 

2 Age of Station 

3 No. of Gen. Units 

4 ~pe of F1ring 

5 Thermal Effic1ency 

6 Units Generated 

8 Un1 t Capaci ty 

9 Reg10n 

11 Adm1n1strative Staff 

12 Industrial Staff 

13 Total Staff 

Raho 10: 13 

Ratio 11 : 13 

, r' 

0.712 

0.685 

0.392 

0.359 

0.638 

0.734 

0.489 

0.656 

0.324 

0·943 

0.871 

0·912 

0.103 

0.205 

P, Approx. 
Probabihty 

by pure chance 

0.897 x 10-21 

0.138 x 10-18 

0.325 x 10-5 

0.230 x 10-4 

0.190 x 10-15 • 

0.124 x 10-22 

-8 0.251 x 10 

0.142 x 10-16 

0.145 :le 10-3 

0.786 x 10-63 

0.660 x 10-41 

0.378 x 10-51 

0.227 

0.180 x 10-1 

Table No. 11 - Predicting Number of Technical Staff 

Overall the results indicated a very high order of 

s1gn1ficance of the twelve var1ables which were 1ndividually 

sign1f1cant 1n pred1ct1ng the number of techn1cal staff. 

'F' was very h1gh, only 0.94% of the variability could not be 

expla1ned away and the approx1mate probab111ty of these 

results occurring by pure chance ~Ias extremely low, as is to 

be expected as these measurements are directly interrelated. 
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Interestingly all but two of the varIables were 

sIgnifIcant In this case. The two variables WhICh had no 

sIgnifIcance were total staff and the ratio of technIcal 

staff: total staff both beIng auto correlate& with the 

dependant varIable technIcal staff. 

AdmInistrative staff had more sIgnificance in pre&icting 

technical staff than any other varlable, wIth Industrial staff 

closely followIng. The numbers of these staffs were a better 

measurement than any of the technical varIables. 

Installed capacIty and units generated proved to be 

highly signIfIcant as did the age of station, thermal 

efficiency and generatIng unIt capacity. 

Type of firing whilst being signficant showe& to be of less 

Importance than those just mentioned which was interesting 

in that nuclear stations would be expected to have appreciably 

higher tehnIcal staff levels. The conclusion to be made is 

that technical staff manning patterns are quIte similar 

whatever the type of hring, lnth small differences only in 

the number of technical staff between the varying fuels. 

The results emphasIse that the chOIce of variables was 

correct when considering manning levels. These variables 

being the basis of the method of comparing relatIve manpower 

productIvity levels. 
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~2.11. Admin1strat1ve Staff as Dependant Var1able 

Overall 

F = 465.14, r2 = 0.9824 (98.24%), Approx. P =.0.100 x 10-14 

Ind1v1dual Results 

No. P, Approx. 
of Var1able 'r' Probability I 

I 
Var1able by pure chance 

1 Installed Capac1ty 0·132 0.195 x 10-22 
I 
I 

2 Age of Station 0.683 0.167 x 10-18 

3 No. of Gen. Units 0.497 8 -8 0.13 x 10 

4 T,ype of Fumg 0.344 0.550 x 10-4 
I , 

0.516 x 10-18 I 

5 Thermal Efficiency 0.616 . 
6 Un1ts Generated 0.168 0.641 x 10-26 

7 Utilisahon 0.456 0.375 x 10-7 

0.506 x 10-16 
, 

8 Um t CapaC1 ty 0.641 
! 

9 Reg10n 0.329 0.120 x 10-3 

10 Techn1cal Staff 0·943 0.186 x 10-63 

12 Industr1al Staff 0·933 0.206 x 10-58 

13 Total Staff 0.956 0.491 x 10-10 

14 Raho 10 : 13 0.066 0.428 

15 13 0.159 -1 Ratio 11 : 0.674 x 10 

Table No. 12 - Predict1ng Number of Adm1nstrative Staff 

Here again the variables, apart from one manpol1er rat10 

and two auto-correlated var1ables, proved to be highly 

s1gn1f1cant in pred1ct1ng adm1nistrative staff levels. 

Total staff, wh1ch included adm1nistrat1ve staff and the 

ratio admin1strative staff : total staff were both auto-

correlated w1th admin1strat1ve staff and were not therefore 

cons1dered further. 
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The ratio of technical staff : total staff p~oved to 

have no s1gnif1cance in this case, whereas the level of 

technical staff had the greatest signif1cance of all the 

var1ables. This is 1nteresting when compared w1th the 

situat10n 1n 7.2.10 when the level of adm1nistrative staff 

had the greatest s1gnificance in predicting technical staff 

levels and aga1n industr1al staff follm:ed closely after. 

Aga1n mann1ng levels had appreciably greater signif1cance 

in predicting administrat1ve staff than any technical variable. 

Of the technical var1ables the units generated have more 

effect on administrat1ve staffing levels than installed 

capaci ty with the age of the pOl'ler station and the thermal 

efficiency also having a great effect. 

'!ype of firmg and the Reg10n both had significant 

effects on admin1strative staff levels. 
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7. 2•12• Industrial Staff as Dependant Var1able 

Overall 

F = 14515.24, r2 = 0.9994 (99.94%), Approx. P = 0.1000 x 10-74 

Ind1vidual Results 

No. P,Approx. 
of Variable ' . Probab1li ty r 

Var1able by pure ch;mce 

1 Installed Capac1ty 0.696 0.180 x 10-19 

2 Age of Station 0.558 0.390 x 10-11 

3 No. of Gen. Un1 ts 0.605 0.156 x 10-13 

4 'I!Ype of F1r1ng 0.289 0.740 x 10-3 

5 Thermal Eff1ciency 0.598 0.360 x 10-13 . 
6 Units Generated 0.725 b.906 x 10-22 

7 Utihsation 0.356 0.265 x 10-4 

8 Un1t Capacity 0.594 0.583 x 10-13 

9 Region 0.437 -6 0.155 x 10 

10 Techn1cal Staff 0.871 0.660 x 10-41 

11 Adm1nistrahve Staff 0.933 0.206 x 10-58 

13 Total Staff 0·995 0.100 x 10-74 

14 Ratio 10 . 13 0.249 0.400 x 10-2 . 
15 Ratio 11 : 13 0.374 0.959 x 10-5 

Table No. 13 - Predicting Number of Industrlal Staff 

Overall and indiv1dual results and significances bore a 

close s1milar1ty to those of 7.2.10 and 7.2.11. 

'F' was extremely high, only 0.06% of the variability could not 

be expla1ned aw~ and the approX1mate probabi11ty was exceedingly 

small, being the same value as 1n the preVlOUS two cases. 

Total staff was auto-correlated w1th industrial staff and 

therefore not cons1dered further. 

--
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Adm1nlstrat1ve staff had the greatest signiflcance 1n 

pred1ct1ng industr1al staff levels wlth technical staff also 

of a very high order. These two var1ables tiere appreciably 

more slgniflcant than the technical or plant variables. 

Of the plant variables units generated aga1n had the 

greatest effect on industr1al staff, which showed that 

produc1ng high generation levels was an important objective 

of 1ndustrlal staffs. That utilisat10n had a lower signif1cance 

ind1cates that actual production levels needed more staff 

than making plant run for longer periods. It is a surpr1sing 

phenomenon that util1sation is so less important than un1ts 

generated, they are closely allied and a high utilisation is 

important to g1ve resultant high generatlon levels. 

All plant var1ables were significant which again 

emphasised the sat1sfactory ch01ce of variables which were to 

be used for pred1cting various manning levels. Again the 

Regions had d1ffering policies with regards to mann1ng patterns 

and numbers of lndustrial staffs. One aspect WhlCh was not 

selected 1n the form of a var1able, which does have an affect 

on manpower levels 1S the extent of the use of contractors. 

The use of contractors could well have been significant 1n 

pred1cting lndustrlal staff levels. 
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7. 2• 13. Tbtal Staff as Dependant Varlable 

Overall 

F = 22781.05, r2 = 0.9996 (99.96%), Approx. P = 0.1000 x 10-74 

Indlvldual Results 

No. r , P, Approx. 
of Varlable r Probability 

Variable by pure chance 

1 Installed Capacity 0.715 0.571 x 10-21 

2 Age of Station 0·594 0.598 x 10-13 

3 No. of Gen. Un:Lts 0.576 0.495 x 10-12 

4 T,ype of Flrlng 0.309 0.302 x 10-3 

5 Thermal Efflclency 0.620 0.208 x 10-14 . 
6 Unl ts Generated 0.743 6.192 x 10-23 

7 Uhlisahon 0.389 0.373 x 10-5 

8 Unlt Capacl.ty 0.619 0.258 x 10-14 

9 Region 0.423 -6 0.443 x 10 

10 Technlcal Staff 0.912 0.378 x 10-51 

11 Adminlstratlve Staff 0.956 0.491 x 10-70 

12 Industrl.al Staff 0.995 0.100 x 10-74 

10 13 0.192 -1 14 Raho : 0.266 x 10 

15 Raho 11 . 13 0.348 0.438 x 10-4 . 

Table No. 14 - Predl.cting Total Staff 

In this case the overall results were highly significant, 

'F' extremely hlgh, only 0.04% of the ~riability cannot be explained 

away and the approximate probabl.lity that the results occurred 

by pure chance was minute and of the same value as in each of 

the prevl.OUS cases. 

The varl.ables technical staff, adml.nistrative staff, 

l.ndustrial staff and the two ratl.O varl.ables were all auto-
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correlated with total staff and would not therefore be used 

~n a~ predictions. 

Units generated was the most sign~ficant technical 

var~able closely followed by the installed capacity. 

The rema~n~ng techn~cal var~ables proved to be highly 

signif~cant; thermal eff~c~ency, generat~ng un~t capac~ty, 

age of power stat~on and number of generat~ng units. 

As with the pred~ct~on of previous staff var~ables, the 

Region was s~gnif~cant, point~g to varying manning policies 

between Reg~ons. The explanation ~n this case being that 

although the introduct~on of pay and productivity schemes was 

in progress throughout the period, the rate of introduction 

varied Region to Region, for example in one Region over 90% 
of the staff were on the scheme whereas in another Region 

60% were on it. 
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Overall 

Rat10 of Techn1cal Staff: TOtal Staff as 
~Eend~t Y~.2:able 

F = 33.48, r2 = 0.8002 (80.02%), Approx. P = 0.2486 x 10-33 

Ind1v1dual Results 

No. P, Approx. 
of Var1able 'r' Probab1li ty 

Variable by pure chance 

1 Installed Capac1ty 0.0098 0.110 x 10 

2 Age of Stahon 0.083 0.328 

3 No. of Gen. Units 0.269 -2 0.171 x 10 

4 Type of Fuing 0.0019 0.151 x 10 

5 Thermal Eff1c1ency 0.070 D.389 

6 Un1ts Generated 0.015 0.981 

7 Uhl1sahon 0.052 0.526 

8 Um t Capacity 0.078 0.360 

9 Reg10n 0.132 0.129 

10 Technical Staff 0.103 0.227 

11 Administrat1ve Staff 0.066 0.428 

12 Industr1al Staff 0.249 -2 0.400 x 10 

13 Total Staff 0.192 0.266 x 10-1 

15 Raho 11 : 13 0.630 0.604 x 10-15 

. 

Table No. 15 - Predicting the Ratio Technical Staff : Total Staff 

Overall results were sat1sfactory regard1ng the predict10n 

of this Ratio from the three var1ables wh1ch were indiv1dually 

signif1cant. 

'F' was sat1sfactory, 80.02% of the variability could be 

explained away and the probab111ty of the results happening 

by pure chance was low although these overall results are not 

as good as 1n the preV10US case. 
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However, only three varIables showed any signiricance, 

the RatIo admInIstrative stafr : total starf havIng the 

largest sign1ricance. The number or Industrial starr and 

number of generat1ng sets beIng the only other slgniricant 

varIables. The only surprisIng aspect is that the number or 

generating unIts should be sIgnificant whereas, ror example, 

thermal erf,cIency was not. A greater proportion or technical 

starr would be expected to yield higher utilisation and 

hIgher thermal efr,c,encIes. That gre".ter proportions are not 

used ror these purposes indicated a common policy or technical 

stafr patterns,because availability or all stat,ons is not or 

a high enough order and all stations do not achieve OptImum 

thermal erriciency. All the RegIons have a common policy with 

regard to technIcal stafr manning levels in proportion to 

total starrs. The extra sophIstication or more modern and 

larger unIts had not resulted in a greater proportion or 

technIcal starr beIng employed. Th,S points to higher standards 

of IndustrIal staff beIng employed In modern large statIons, 

haVIng been traIned to operate and maintain larger and more 

complex machInery. 

One ractor not covered by this project, which may afrect 

this ratio ,n the early lire or a new power station, is the 

work carrIed out by contractors, either those who Manuractured 

the plant, or contractors who are qualiried to carry out work 

on SOphIstIcated systems or plant. 

Another factor WhICh may be pertInent is that scient,r,c 

teams wh1ch are usually based at each Region generally carry 

out more investigat10ns into problems at large new stat1ons, 

where the pay back 1S hIgher, than for smaller well established 

stat,ons. SimIlarly other Regionally based servIces, 
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ma1ntenance workshops for example, carry out more work 

for large stations than small. 

The results bear out earlier observat10ns that 

proport10ns of techn1cal staff 1nvolved on operation do 

not d1ffer, whether as a result of variat10n in stat10n 

capac1ty, un1ts generated or for d1fferent types of firing. 

The variables technical staff and total staff were 

auto-correlated w1th the dependant var1able and were therefore 

not considered further. 
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Overall 

F =30.97, 

Rat10 Adm1n1strative Staff: Tbtal Staff as 
Dependant Var1able 

2 
r Approx. P = 0.8513 x 10-32 

Individual Results 

No. P,Approx. 
of Variable • • Probabili ty r 

Variable by pure chance 

1 Installed Capacity 0.194 0.589 x 10-1 

2 Age of Station 0.039 0.635 

3 No. of Gen. Units 0.210 -1 0.153 x 10 

4 T,ype of Fuing - 0.057 0.487 

5 Thermal Efficiency 0.150 0.831 x 10-1 

6 Units Generated 0.166 -1 0.560 x 10 

7 Utilisabon 0.068 0.411 

8 Uni t Capaci ty 0.122 0.158 

9 Reg10n 0.159 -1 0.660 x 10 

10 Techn1cal Staff 0.205 -1 0.180 x 10 

11 Admin1strat1ve Staff 0.159 -1 0.674 x 10 

12 Industrial Staff 0.374 0.959 x 10-5 

13 'lbtal Staff 0.348 0.438 x 10-4 

14 Ratio 10 : 13 0.630 0.605 x 10-15 

. 

Table No. 1 6 - Predicting the Ratio Administrative Staff : TotalStaff. 

Overall results were of a similar order to those in the 

prev10us case although nine of the indepenc1.ant variables proved 

to be significant, compared with th~ee signifioant variables 

predicting the previous ratio. 

The var1ables adm1nistrative staff and total staff were 

auto-correlated with the dependant variables. 

Variables show1ng no sign1f1cance in the prediction of 

- 79 -



thlS Ratlo were age of statlon, type of flr1ng, utillsatl0n 

and generatlng unit capacity. 

The most slgnificant varlable was the Ratio technical 

staff: total staff, belng appreclably more slgniflC~~t 

than any other. Technlcal staff and lndustrlal staff also 

proved to be slgnlflcant. 

Reglons had dlfferlng policles regardlng the proportl0n 

of admlnlstrative staff to total staff. 

Of lesser signlflcance were the Installed Capaclty, 

number of generating units, thermal efflclency and units 

generated. It was surprlsing that thermal efflclency was 

signiflcant whereas the age of the station was not, there 

being a strong inter-relatlonship between these variables. 

Simllarly utlllsation did not have any bearing on this 

Ratl0 whereas the units generated dld. More units generated 

would affect the ratio of admlnistratlve staff: total staff, 

whereas the lncreased utlllsatl0n necessary to achieremore 

unltS generated does not affect this ratio at all. 

A maJor feature of admlnistratlve staff work lS that 

of admlnistering personnel matters, monltoring expenditure 

and complling statlstlcs and returns. These actlvitles increase 

as a result of lncreased actlvlty by technlcal staff. The 

signiflcance of the technical staff : total staff Ratio lS 

explainable in thlS context. 
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7.2.16. General Comments on S'gn,ficance of the Variables 

The overall results for the prediotion of the dependant 

variables were as fo1lows:-

2 P,Approx. Dependant r 
F (% variability Probablll. ty VarIable explained away) by pure chanoe , 

I 

, 

1. Installed Capaoity 228.07 0.9647(96.47%) 0.100 x 10-74 

2. Age of Station 23.77 0.7398(73.98%) 0.834 x 10-27 

3. No. of Gen. Units 21.18 0.7170(71.70%) 0.9493 x 10-25 

4. Type of F,ring 3.76 0.3120(31.20%) 0.3268 x 10-4 

5. Thermal EffIciency 29·05 0.7766(77.66%) 0.1493 x 10-30 

6. Units Generated 75·70 0.9006(90.06%) 0.9682 x 10-:51 

. 
0.3501 x 10-28 

7. Utilisat:Lon 25.62 0.754 (75.4%) 

8. Unit Capacity 114.28 0.9319(93.19%) 0.298 x 10-60 

9. RegIon 9.49 0.5317(53.17%) 0.1041 x 10-12 

10. Technical Staff 885.02 0.9906(99.06%) ~.1000 x 10-74 

11. AdminIstrative Staff 465.14 0.9824(98.24%) 0.1000 x 10-74 

12. Industrial Staff lA5l5.24 0.9994(99.94%) 0.1000 x 10-74 

13. Total Staff 22781.05 0.9996(99.96%) 0.1000 x 10-74 

14. Ratio 10 : 13 33.48 0.8002(80.02%) 0.2486 x 10-33 

15· Ratlo 11 . 13 30·97 0.7875(78.75%) 0.8513 x 10-32 . 
Table No. 17 - Overall Results for PredIctIons of Dependant Variables 

In all cases the values of 'F', r 2 and the approxImate 

probabIlIty showed that when predicting each dependant variable 

some of the Independant varIables were highly signIficant. 

There was a conSIderable dIfference between the results 

when predIctIng Type of FIrIng, which showed lowest signifIcance 

of all, and those variables with the highest signifIcance 

I.e. Installed CapaCIty and the staffing varIables. 

The staffIng level varIables t~ere hIghly SIgnificant 

In every case, whether the dependant varIable was of a 
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techn~cal nature or number of staff. However, when 

pred~ct~ng the Ratio techn~cal staff : total staff the 

aOEinistratlve staff had no sign~flcance,although industrial 

staff and total staff were both slgniflcant and the Ratlo 

admin~stratlve staff: total staff was highly significant. 

Simllarly when predictlng the Ratlo administrative 

staff : total staff the staffing variables were significant 

and the Ratlo technical staff : total staff was h~ghly 

sign~flCant • 

Generally the two Ratio var~ables were not very 

successful ln predlcting the other variables. The Ratio 

technlcal staff : total staff was only signiflcant when 

predlcting the number of Generatlng Unlts and the number 

of lndustrlal staff. The technical staff numbers variable 

was also highly significant when predicting the number of 

Generatlng Unlts and the number of lndustrial staff. 

Therefore the higher proportlon 

of technical staff : total staff is only lLkely when there 

are more generating units, not when there 18 more installed 

capaclty, and a greater proportlon of technical staff wlll 

not result ln hlgher thermal efflclencles or utllisation. 

The actual numbers of staff ln each sectlon is more 

important than d~fferent pxportions of technical staff, 

although more technlcal staff proportionally will indicate 

more lndustrlal staff. 

In contrast the Ratlo admlnistratlve staff : total 

staff was slgnificant ~n predicting all but four variables, 

these were Age of Statlon, Type of Flring, Utilisation and 

Uni t Capacity. 
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To complete the p1cture regardlng staff1ng sectl0ns, 

a fUrther variable may have proved to be useful, that being 

the Ratlo industrial staff: total staff. 

By test1ng thlS Ratlo it maybe confirmed that, for 

example, a hlgher thermal efflciencym achieved by having a 

Uuger proport1on of lndustr1al staff, or that a higher 

ut1l1satl0n and more units may have been generated. 

As the variables 

stand, without this further ratio, the lmportance of having 

sufflclent staff1ng levels 1n each sect10n is seen to be 

very important. For some variables the Ratio of administratlve 

staff : total staff lS significant but in no c~se is this Rat10 

as h1gh 1n s1gn1f1cance as each of the staff level variables. 

Despite the varylng results from the two Ratio varlables 

lt has been shown that when predicting the technical varlables 

the levels of technical, edminlstratlve and lndustrlal staff 

are hlghly slgnlflcant. Equally it has been shown that 

when pred1cting lndiv1dual staff levels; techn1cal, 

administrative or 1ndustrial, the technical variables are 

all significant, many belng highly signlflcant. 

Even though the interaction between technical and 

staffing varlables varles,in other words the cause and 

effect vary from one s1de to the other, the technical 

varlables are satlsfactory for pred1cting staffing levels. 

A large Installed Capacity for example is the cause 

of a large number of technical staff, whereas an increase 

ln industrlal staff may be a cause, the effect of which is 

that thermal effic1ency lncreases or more units are generated. 

It has also been shown that when predicting stafflng 

varlables the remaining stafflng section varlables are highly 
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sign1f1cant. F~r example, when pred1cting the technical 

staff, the adminlstrat1ve and industrial staffs appeared 

to be highly signif1cant. 

The Reglon also proved to be signif1cant when predlcting 

all the 1ndlV1dual staff1ng sections, which indicates that 

each Reg10n has different polic1es for the1r staffing levels, 

or that pro6Tess 1n 1mplementing the Pay and Productivity 

Schemes has been slower in some Reg10ns than in others. 

There was no sign1f1cance 1n the var1ables Age of 

Station, TYpe of Fir1ng, Thermal Eff1clency and Utilisation 

in predictlng the Region and equally when predictlng each 

of these technical variables, the Reglon had no significance. 

Th1S shows that each Region had plant of similar age 

groups, wlth s1mllar proportions of fUel f1ring and aimed 

for optimlsing thermal efflciency with the same priority 
r 

and produced similar results ln terms of thermal efficiency 

and utllisatl0n. If thermal efficlencies and utllisation 

are similar from Region to Region, it follows that Regional 

performances do not vary very much and it also follows that 

overall plant avallability must be similar. 

The requlrement for optlmum thermal efflciency and its 

achlevement lS a measure of productivity, it has already 

been highl1ghted as belng very important and a major 

obJectlve of power statlon and Regional managements, and 

has been the subject of international comparisons •. 

In every case where it is used ln predlctlng techn~cal 

varlables, thermal efficlency 1S ~ighly significant and 

when thermal efflclency is being predicted all the technlcal 

variables proved to be slgniflcant. Slm11arly when pred1ctlng 
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thermal efflclency the stafflng levels were shcwn to be highly 

signiflcant, being higher ln signlflcance than some of the 

technlcal variables. 

When predlcting each sectl0n of stafflng, thermal 

efflclency proved to be highly signlficant, there is, 

therefore, an inter-relationship between thermal efficiency 

and the different staff sections. 

The dependant varlable which the independant variables 

predlcted the least satlsfactorily was TYpe of Firlng. It 

appears that there are similarities between the types of 

firing, in technical performance and manpower levels. 

The explanatl0n is probably that type of firing is 

concerned with the bOllers in each power station, or steam 

ralsing reactors, in the case of nuclear plant. Boilers 

only form part, albelt a large part,of plant lnstalled in 

a power statlon. However the remaining plant isamilar, 

size for size, from one station to another. TYPe of Firing 

would have had a much hlgher significance if the C.E.G.B. 

had a large capaclty of hydro plant. When international 

comparisons are made,TYpe of Flring wll1 have much more 

signlflcance for lndustries with a large proportlon of 

hyd~o-electrlc plant. 

In Section 7.2.5 it was noted that lowavallability 

of large modern generatlng unlts had resulted in the ITumber 

of unlts generated havlng a much higher signlficance than 

utl11satlon. lihen these generating units are contributing 

more generatlon the results will be somewhat different to 

those obtalned in thlS proJect. However, if annual comparisons 

of relative performance were to be carried out the reactions and 

significances of the variables would vary but the prlnlciples 

and variables used should still have proved to be soundly based. 
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J.3 Predlctlng Values of Varlables 

In the prevlous section lt was shotnl that certain of the 

1ndependant varlables were slgnlflcant when pred1ct1ng them 

lndlvldually as dependant varlables. 

Predictions wlll be made, ln this sect1on, of values of 

dependant varlables, for dlfferent size power stations, using 

the coefflcients cf the slgnlf1cant lndependant var1ables as 

follows:-

Predlcted value = ao + al VI + a2 v2 + ••••• an Vn 

where a = coefflclent 

v = value of slgnificant independant var1able 

for the power stat1on. 

The dependant varlables to be predlcted are those which 

may be expected to vary, from statlon to station, as a result of 

dlfferent operating management pollc1es or declsions. There 

lS no point in pred1ctlng 1nstalled CapaClty or age of station 

for example, these two var1ables wlll affect stafflng levels 

but staffing levels wlll not affect them. 

Therefore, of the technical varlables only Thermal Efficlency , 

wlll be predlcted. ThlS 1S affected by management policies and 

efficient use of resources as are the staffing and staffing ratio 

varlables WhlCh will also be predicted. 
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7.3.1. Predlctlng Thermal Efflclency 

No. of Independent Probablhty Indep't Coefflclent 
Varlable Varlable by Chance 

1 

2 

3 

4 

6 

7 

8 

10 

11 

12 

13 

15 

Table No. 18 

Constant= 
16.336 

10-22 Installed Capaclty 0.09247 

Age of Statlon 0.20076 10-26 

No. of Gen. Units - 0.21134 10-1 

'l!Ype of fning - 0.30461 10-1 

Units Generated - 0.08026 10-21 

Utlllsatl0n 0.10766 10-8 

Umt Capacity - 0.00784 , 10-17 

Technlcal Staff - 0.06863 10-15 

Admlnlstratlve Staff 0.20924 10-18 

Industrlal Staff 0.00646 10-13 

Total Staff - 0.00633 10-14 

Rabo Admln. -30.657 10-1 

: Total 'Staff 

Coefficients for Predlctln Thermal_32 Efflclenc • Overall probab1l1t = 10 

In pred1ct1ng thermal efficiency the SlgnS of the 

coeffic1ents of the signiflcant 1ndependent variables show 

that thermal efficienc1es lmprove as stations increase in 

1nstalled capaclty and as they get younger 1n age. 

Stat10ns w1th fewer generatlng units have higher thermal 

eff1cienc1es, which lS a reflectl0n of recent pol1cies of 

lnstalllng fewer large unlts of say 500 MW output, than 

the many statl0ns hav1ng SlX or more 60 MW un1tS. 

--
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One surpris1ng coeffic1ent 1S that for generat1ng unit 

capac1ty Wh1Ch 1ndicates that as generating unit capac1ty 

1ncreases, thermal eff1c1ency decreases, albeit to a very 

small degree. Over the years as generat1ng un1t sizes iucreased 

higher steam temperatures and pressures and the 1ncorporat10n 

of reheat resulted 1n higher thermal eff1c1enc1es. Addltionally 

larger generat1ng un1ts have proport1onally lower losses Wh1Ch 

aga1n should result 1n 1mproved thermal eff1ciencies. The 

contrary result 1nd1cates the poor early performance of the 

new large generat1ng un1ts which up to ¥~rch 1973 did not 

ach1eve des1gned thermal eff1ciencies. 

The stafflng level coefflcients shoti that an increase in 

adm1n1strat1ve and lndustrial staff levels produce an improved 

thermal effic1ency, whereas 1ncreaslng technical and total 

staff levels are associated wlth reductions ln thermal 

efflCiency. That the total staff 1S negative was due to the 

negatlve sense of technical staff just overcoming the positive 

senses of admln1strat1ve and industrlal staffs. 

The negatlve sense of techn1cal staff 1S interesting, in 

that when predictlng thermal eff1c1ency the expectatlon lS that 

if more technlcal and sC1entiflc knowledge and expertise lS 

appl1ed then thermal efficlency should 1ncrease. It could be 

deduced that rather than lncreas1ng techn1cal staff to achleve 

an improved thermal efflclency, an improvement would be 
• 

achleved by Increas1ng the number of adm1n1strat1ve and 

1ndustr1al staff, decreasing the number of technical staff. 

However, the Rat10 Adm1nIstrative Staff: Tbtal Staff also 

takes the negat1ve Slgn of Total Staff. 

ApplY1ng the varlables and the1r coeff1C1ents to a 

selectIon of po,ler statIons, results were obtaIned and are 

shown in the table. 
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Power station Installed Pred1cted Capac1 ty 
Thermal Actual 

MW Efficiency fuermal 
Class No. 10 % Eff1ciency 

16 3·90 20.401 23.580 
Small 

66 5·70 17 ·905 14.240 

23 39·0 31.180 25·100 
Medium 

53 42.0 29.404 25.880 

44 198.0 35. 253 34.760 
Large 

88 198.3 34.256 33.940 

Table No.1 9 - Comparison of Predicted and Actual 
Thermal Eff1c1enc1es for a sample of Power Stations. 

These power stat10ns were selected to show examples for 

small stat10ns of up to 200 MW capac1ty, medium capac1ty 

of 201 M}I to 1000 MW and large stat10ns of greater than 

1001 M}1 1nstalled capac1ty. 

In this case Nos. 16 and 66 be1ng small, 23 and 53 medium, 

44 and 88 be1ng large capacity stations. 

Table No. 20- Net Effeot of Variables when Predicting Thermal 
Eff1oienoY.(Constant - 16 336) . • 

Power Station Pred10ted Net Effeot Net Effect 
Thermal of Plant of Staffmg 

Efhc1ency Variables Variables 
Class No. % 

16 20·401 
Small 

5. 8340 - 1.7685 

66 17 ·905 4.3370 - 2.7677 

23 31.180 16.5901 - 3.7459 
Medium 

53 29·404 16.2035 - 3. 1358 

44 35. 253 21.7749 - 2.8584 
Large 

88 34.256 19:6547 - 1.7343 
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Table NO.20 shows the net effect of plant varIables 

whIch are posItIve, compared wIth the negative net effect of 

staffIng varIables when predlcitlng thermal effIcIency. 

StaffIng varIables have a small effect compared with the value of 

thermal effIcIency and yet as seen from Table 18 they are 

highly sIgnifIcant. 

The constant is quite high at 16.336 and has a large 

effect on predicted thermal efficiency. 

In the case of Power Station No. 16 (P.S.16) the actual 

thermal efficIency IS appreciably higher than that predIcted. 

The result for the statIon is a utilisation of 32.85%, 

whIch wIll be seen from Table No.43 to be high for a statIon • 

of this very small Installed capacIty. It can be compared with 

P.S.66 which had a utIlIsation of 6.26% and a low aotual 

thermal effIciency of 14.240%. 

The high utIlIsatIon of P.S. 16 had an appreciable affect 

In predIctIng thermal effIcIency and when comparIng the 

performance of power statIons It would be realIsed that this 

statIon IS returnIng an excellent thermal efficIency. 

P.S.66 has partIcularly poor plant performance variable 

results and the predIcted thermal efficIency is apprecIably 

higher than was actually achieved. It wIll be seen that(compared 

WIth P.S.16)the number of Industrial staff is particularly low 

at 22 (P.S.16 havIng 109) and adminIstratIve staff low at 

3 (P.S.16 havIng 8) 

The medIum SIze statIons P.S.23 and P.S.53 both 

returned lower thermal efflciencles than were predicted, 

partIcularly P.S.23 whIch has quite large sized generating 

units at 97.5 MW. It also IS quite a modern statIon so 

that the deSIgned thermal effIcIency could well be of the 

order of 32%. Both statIons have 100% utilisatIon which, 

conSIdering theIr low thermal efficiencies, is a reflection 
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of the low avallablllty of the newer larger stat10ns, 

which return much lower utilisations. In this predict10n 

the effects of hlgh utl11satl0n are a major contrlbution to 

the hlgh pred1cted values of thermal efflclencies for P.S.23 

and P.S.53. 

P.S.44 and P.S.88, the large statl0ns, have actual 

thermal efficlencies WhlCh fall short of designed values, 

again a result of poor avallabillty. If one conslders a 

sltuation where the large units achieved a utilisation of 90% 
then the results of the multiple regression would appear 

completely dlfferent. In the eXlstlng exercise, for P.S.44 

and p.s.88 the Installed capaclty factors are particularly 

hlgh, whereas Ut,llsat,ons (V7) are very low. Under the 

postulated sltuat,on the relative values of Installed oapacity 

and Utilisat,on factors would be reversed. 

In general it may be stated that the significant 

lndependant varlables can be used to predlct the thermal 

efficlency of a power station. Havlng predlcted a value for 

a statlon, the reason for any devlation from the actual value 

can be assessed by studylng the weightlng of the varlOUS factors 

as shown for example in Table No.', 20 , and as explained above. 

It lS necessary when uSlng variables in the way they have 

been used ln th,S exerclse, to present results in such a way 

that reasons fordevlatlons from actual values can be identlfled 

together wlth the cause of the deviatlon. 
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1.3.2. Pred1ct1ng the Number of Technical and SC1ent1f1c Staff 

No. of Independant Probab111 ty Indep't Coeffl.c1ent 
Variable Vanable by Chance 

Const~gt = 
24.6 

1 Installed Capacl.ty 0.23218 10-21 

2 Age of Statl.on 0.31362 10-18 

3 No. of Gen. unl. ts - 1.29860 10-5 

4 ~e of fl.rl.ng 0.04132 10-4 

5 Thermal eff1c1ency - 1.22310 10-15 

6 Unl.ts generated - 0.43650 10-22 

1 Utl.l1sation 0.32682 10-8 

8 Um t Capacity - 0.00810 10-16 

9 Reg10n 0·92400 10-3 

11 Adml.nl.stratl.ve Staff 3.06860 10-63 

12 Industrial Staff - 0.02434 10-41 

15 Ratl.o: Adml.n: 
-254.490 10-1 

'Ibtal Staff 

Table No.2l - Coeffl.cients 
of Technl.cal and SCl.entl.fl.c 

When consl.dering the coeffl.cients of independant varl.ables 

for predl.ctl.ng numbers of technl.cal staff the negative 

coefficl.ent of number of generat1ng_unl.ts calls for some 

explanatl.on. Generally,l.n most statl.ons,generating units 

are sl.ml.lar 1n manufacture, design and construct10n but 

on the face of 1t more units would seem to require more 

techn1cal staf~But the patterns of operational staffing 

are sim1lar whether there are two generatingun1ts or four. 

In many statl.ons the patterns of technl.cal staff for 

mal.ntenance and serV1ces are the same,1ndependant of the 

number of generat1ngunits but dependant on the installed 

capacity. 
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When predlcting technical staff,thermal efflciency has 

a-negatlve coefflclent. Th,S IS slmllar to predlctlng 

thermal efflclency, as was seen in the preVlOUS section when fewer 

technlcal staff were assoclated wlth a hlgher thermal efflclency. 

In conjunction wlth the negatlve coefflcient of thermal 

efflciency it will be seen that units generated also has a 

negatlve coefflclent, whereas utillsation has a posltive 

coefficlent. 

Thermal efflclency and utlllsation are Inter-related 

In that a hlgher thermal efficlency would re~~lt In the power 

station belng Instructed to produce more eleotricity hence 

returnlng a higher ut,l,sat,on. 

Poor performance of large new generating plant in its early 

life often prevents thlS. From the data in Table No. 43. 

the average util,sat,on of 500 MW generating units wa~ 32.2%. 

'.This is very low when one conslders that even though several 

of these statlons dld not reach optimum thermal efficlency, 

thelr eff,c,ency IS appreciably hlgher than most of the remaInIng 

generatlng plant, hence they would have been required to be 

generatlng for a much longer perlod than thlS. From general 

observatlon it wlll be seen than the hlghest utillsations 

occurred In the statlons wlth medium slzed generating units. 

These results also appear to have affected unit capacity 

which has a negatlve coefflclent. Increased complexity and 

technical SOphlstlcatlon have called for more technical staff 

on new power stations wlth large generating plant. The 

coefficient IS of a small order but it is hIghly signiflcant. 

The negatlve coefflclent of industrial staff IS also interestlng 

showlng that mOre Industrlal staff wlll be assoclated with fewer 

technical staff. This Is surprlsing when It is realised that the 

technlcal staff provlde the supervlsory and management functlon 

and shows that the same number of technlcal staff are managlng 
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more lndustrlal staff. Flrst llne supervlslon, at foremen 

level, is provlded by lndustrlal staff. 

The explanation is probably that lncreased manual 

lndustrlal staff requlres an lncreased number of foremen. 

These foremen are recrulted and admlnlstered as lndustrlal 

staff, whereas the number of management staff remalns the same. 

The posltive coefflclent of administratlve staff was 

to be expected, the greater clerlcal commlttment being to 

provide the greater numbers of reports, statistics, etc. , 

required when more technical staff are employed. 

Applying the variables and their coefficients to a 

selectl0n of power stations, of varying sizes, as explained 

In 3.3.1., results are shownln Table No. 22. 

Power Station Installed Predlcted Actual Diff. 
Capacity No. of No. of Pred. 

Class No. MW 
Technical Technical -.A.ctuaJ 

10 
Staff Staff . 

, 4 7.5 20 25 -5 
Small 

24 8.6 21 24 -3 

59 62.1 74 
• 

72 2 
MedmIn 

\ 77 67.8 80 77 3 

63 198.3 84 119 -35 
Large / 

123 198.3 103 81 22 

Table No. 22 - Comparlson of Predicted and Actual }Tumbers 
of Technlcal Staff for a Sample Number of Power Statl0ns 

Results for the two small stations P.S.4 and P.S. 24 are 

qui te siml1ar. P.S.24 had a hlgher thermal efficiency 

than P.S.4 and had tWlce the utllisation. P.S.4 Was four • 
years older, these dlfferences ln the three varlable tiere 

the maln cause of the one extra technical staff being 

predlcted for P.S.24. 
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Both med1um sized stat10ns were actually staffed by fewer 

techn1cal staff than were pred1cted. P.S.77 is not as old as 

P.S.59, 1t 1S more effic1ent, but has a poorer ut1lisation. 

Both stat10ns produced very nearly the same un1ts of 

electr1c1ty. P.S.77 employs twice the number of 1ndustrial 

staff w1th n1ne generat1ng units as against the seven of PS. 59. 

Some d1fferences can be expla1ned by some power stations be1ng 

quoted as an. enh ty, whereas they are multi stations on a 

s1n"le si te. 

MUlt1-Stat10n s1tes differ in manning patterns to 

s1ngle stat10n s1tes, th1s feature being discussed in more 

deta11 in the General Section 3.3. 

It is seen from Table '22 that the predictions for the 

two large stat10ns are d1fferen~ In the case of P.S. 63 the 

predicted level 1S lower than the actual, but V1ce versa 

for P .S.123. There 1S a large d1fference 1n the actual numbers 

of techn1cal staff employed at each station. As both S1teS have 

the same number of generat1ng units,the same installed capac1ty 

and are of sim1lar ages ,the d1fference 1n numbers of men of 

38, compared with actual number of 81 at P.S.123 and 119 at 

p.S.63 1S h1gh. Be1ng 1n d1fferent Regions,accounted for two 

more men be1ng employed at P.S.123 which had the lowest actual 

staffing. 

The maJor d1fference 1n predicted values was due to there 

be1ng more administrat1ve staff 1n P.S.123 wh1ch resulted 1n 

a higher factor contr1but1ng to the pred1cted value. P.S.123 

employed 6 more admin1stratlve staff than P.S.63, the coeff1c1ent 

of 3.0686 giv1ng a factor of 107.5759 for P.S.123, compared with 

89.1735 for p.s.63. 
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An 1nterest1ng compar1son 1S the net effect which 

techn1cal var1ables have aga1nst the net effect staffing 

var1ables (and Reg10n) have when pred1ct1ng numbers of 

techn1cal staff. 

Power Stn. Pred1cted No. Net effect Net effect 
of Techn1cal of Plant Staffmg 

Class No. Staff var1ables var1ables 

4 20.4 - 15.1 + 10.8 
Small 

24 21.1 - 14,2 + 10.6 

59 74.3 - 6.0 + 55·6 
Medmm 

77 79·5 - 18.0 + 72.8 

63 83.6 - 9.6 + 68.5 
Large 

123 103·3 - 7·0 + 85.5 

Table No.23·Uet effect of var1ables when redict1n 
Techn1cal Staff. Constant = 24.7 

Table No.23. shows that the plant var1ables have a net 

negat1ve effect when pred1cting techn1cal staff whereas 

the staff1ng var1ables make a heavy pos1t1ve contribut10n. 
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1.3.3. Predicting Admin1strative Staff 

No. of Independant Probabili ty 
Indep't Coefficient by Chance 
Var1able Variable (rounded) 

Constant = 
- 1.7646 

1 Installed Capac1ty - 0.02569 10-22 

2 Age of Station 0.06766 10-18 

3 No. of Gen. Units 0.29792 10-8 

4 T,ype of firmg 0.22253 10-4 

5 Thermal eff1c1ency 0.11490 10-18 

6 Un1ts generated 0.06456 10-26 

7 Utilisabon - 0.01114 10-7 

8 Unit Capaoity 0.00507 10-16 

9 Reg10n - 0.30995 10-3 

10 Technical Staff 
. 

0.15396 10-63 

12 Industrial Staff 0.02702 10-58 

Tabl<l no. 24- Coeffio1ents for Predlci tingNumber of 74 
Admlnlstratlve Staff (Overall ProO. = 10- ) 

From the coeff101ents it w1ll be seen that the 

number of admInistratlve staff tend to reduce with 

increasing lnstalled capaoity. However th1s staffing 

tends to 1norease with h1gher thermal efficiency, where 

more ele~tric1ty is generated and at stat10ns where 

there are mult1ples of large generat1ng un1tS. 
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Increases Ul the numbers of technical and 

industrial staff tend towards higher levels of 

administrative staff. This tendancy is to be 

expected because personnel administration is 

an important aspect of the clerical function. 

The Reg10n has a coefficient with a negat1ve 

sense when pred1cting administrative staff, whereas 

the Reg10n has a positive sense when predicting 

te'chnical staff. These could indicate vary1ng 

manning po11cies adopted by different Regions. 

Applying these variables and coefficients 

to a selection of small, medium and large capacity 

power stations, gave results ShOlffl in Table No.25~ 

POI~er Stn. Power Stn. In,stalled Pred1cted Actual Diff 
Class No. from Capacity No. of No. of Predicted 

Table ~\l~/1O Adm1n. Admin. -
Staff St:lff Actual 

Small 21 6.6 6.7 6.0 0.7 

75 3.0 4.1 4.0 0.1 

Med1um 87 4.7 27.7 29.0 -1.~ 

104 59. 1 23.9 22.0 1.9 

Large 56 118.0 28.5 29.0 -0·5 
102 105.7 30.3 30.0 0.3 

Table-No: 25 -'::ornpari son of P.redicted and A ctual Numbers 
of Adm1n1stratlve Staff for a Sample of 
Power Statlons. 

The predlcted values ln th1s case were qu1te close 

to the actual numbers although the percentage var1ation bet~,een 

pred1cted and actual values for P.S.21 ~las 'high at 17.5%. 

---
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The two small stations vary considerably in 

industrial staff levels, there be~ng 77 employed at 

P.S.21 and only 12 at P.S.75, these factors 

therefore be~ng much hlgher for P.S.21. 

The stafflng var~ables were by far the 

most signiflcant when predicting administratlve 

staff, the contributions made by technical 

faotors and staffing factors excluding the Region 

being shown ln Table No.26. 

Power Power Predicted Net Net 
Station Station No. of Contrlbution Contr~but1on • 
Class No. Admin. of Plant of Staffing 

Staff Varlables Varlables 

Small 21 6.7 4.3 4.2 

75 4.1 . 4.8 1.1 

Medlum 87 27.7 7.6 21:9 
104 23.9 8.0 17.8. 

Large 56 23.5 8.7 21.6 

102 30.3 9.6 22·5 

Table-Jfo. 26-Net Contribution of Varlables when 
IIredlctlng Number of A,dmln1strahve Staff. 
(Constant = -1.76) 

In general terms the net contributions of 

plant variables are very similar to those of stafflng 

variables for ~he small power stations. For P.S.75 

the plant varlable contributlon is more than double 

the staffing variable contibution. When the medium 

and large stations are considered there is a si~ilarity 

between the plant variables contribution for each station 

aQd for stafflng variables contr~bution. 
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The rat10s of these for the medium and large 

stations is of a similar order. 

The tendancy shown is that for small station 

plant the staffing variables have a sirn11ar 

contr1but10n when predicting administrat1ve staff. 

However the contribut10ns for medium and larger 

stations from the plant variables 1S approximately 

0.3 to 0.4 times the contribution of staff1ng 

variables. 
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Predlcting Industrlal Staff 

No. of Independant Probabil1ty Indep't Coefflclent 
Variable Variable by Chance 

(vons,a'!.':, 
= 152•20 

1 Installed Capacity 0.10660 10-19 

2 Age of Station - 1.68940 10-11 

3 No. of Gen. Units 8.66780 10-13 
. 

4 'lYpe of firing 4.05450 10-3 

5 Thermal efficiency 0.27799 10-13 

6 Unl ts Generated 0.21819 10-22 

7 Utlllsation - 0.32465 10-4 

8 Unit Capaclty 0.00636 . 10-13 

9 Region 5·07430 10-6 

10 Technical Staff' - 0.25221 10-41 

11 Administrative 13·7410 10-58 
Staff 

14 Ratlo Technlcal: -65.0590 10-2 

Total Staff' 

15 Ratlo Admin: -2528.90 10-5 
Total Staff 

Table No.27 Coefficlents for Predictin the Number. -69) 
of Industrial Staff. Overall probabllity = 10 

Consldering the coefficlents of the significant 

lndependant varlables for predicting the numbers of 

industrlal staff, the flrst expl~~ation which is required 

lS the negatlve coefflcient for age of statlon. This 

is saying that,as statlons get older,they require more 

lndustrial staff, WhlCh lS reasonable when one considers 

that more wear in plant items necessltates more breakdown 

repair work. In older stations too,operatlonal stafflng 

- 101-

. 



patterns resulted ln more men belng requlred to operate 

boiler and turblnes locally, whereas ln modern statlons 

many fewer men operate a bailer/turbo-alternator unlt 

centrally by remote control. 

The negatlve coefflcient for utillsatlon is interesting 

because the more plant is belng utllised the more wear, 

vlbratlon, fatlgue,etc.,lS taklng place which calls for 

more industrial staff to carry out repalr and 

maintenance. However lf utilisation is extremely high, 

(some statlons have 100% quoted) then there is no 

opportunl ty to carry out substantlal repairs and 

preventatlve maintenance unless standby plant is 

_ available. Also lf plant 'Is achieving this level 

of utillsatlon,the repairs(etc) are not necessary at 

that time, but wlll become necessary later, as a result 

of the high utllisatlon. 

It is interestlng that the Region has a substantial 

effect, lndlcatlng that Regions have differlng pollcles 

with regard to number of industrial staff employed 

in power stations. 

These variables and their coefficients were applled 

to a selectlon of small, medlum and large power stations 

to predlct the numbers of lndustrial staff for each 

statlon, results are shown in Table No.28. 
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p.S.6 has 4 generating units whereas P.S.22 has 

2, the contr1butlng factors, from the product of value 

of var1able and its coefficient, result in 34.67 

for P.S.6 and 11.34 for P.S.22. P.S.26 is younger 

than P.S.34 and has 3 generat1ng unlts compared wlth 

8 for P.S.34, the d1fferencles in these factors causing 

the dlfference 1n values of plant variables between 

these two power statlons. 

In the case of staffing variables,the major contribution 

to the change from negatlve for small stat10ns to positive 

for the other stations is the large coefficient of 

13.741 for Admlnistratlve Staff, and the affect of Region. 

The factors from the two ratlo variables are of the same 

order for all slrpower stations, irrespeotive of size. 
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In the case of P.S.6 there were 10 more industrial 

staff pred1cted than l~ere actually employed, but in the 

other examples the pred1cted values exceeded the actual. 

Where compar-isons were being made on a formal basis 

the discrepanc1es would be investigated to f1nd reasons. 

There are two factors which have not been taken 

into account which particularly affect the 1ndustrial 

staff and total staff levels. 

The first factor is that, l~here a power stat10n S1 te 

1ncludes more than one power station,more industr1al staff 

will be employed. Plant varies from stahon to station so that 

it is not just a matter of number of generating un1tS which 

determines manpower requirements. 
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A dlffwul ty arIses "hen trying to account for the 

variables on a multi statIon site, thIS remains to be 

resolved. The other factor, not Included In thIS project, 

IS the amount of contractual "ork carrIed out on a statIon. 

On many of the new statIons there IS a high utilIsation of 

contractors: even general engIneering fIrms who meet peak 

maIntenance work loads. If no contractors were employe~~ 

more IndustrIal staff would be requIred than at present. 

This aspect also needs clarifying for InclusIon In the 

calculatIons regardIng relative producti VI ty. Hi thin 

an Industry much of this information could be obtained 

and used, but in International companIes this area of 

comparison would be more dIfficult to take account of. 

Power Station PredIcted Net effect Net effect 
No. of of Plant of 
IndustrIal VarIables Staffmg 

Class No. Staff Variables 

6 108.9 13.07 . - 56.40 
Small 

22 74.0 -11.51 - 66.60 

26 341·9 
~ed1Um 

-26.35 216.01 

34 365.1 21.64 185.28 

55 503·4 38.74 312.43 
Large 

101 774·7 90.13 532.33 

Table No. 2.9 - Net Effect of Variables when fredlcting 
Nimber of IndustrIal Staff. (Constant - 152.20) 

From Table No.29 it WIll be observed that the net 

effect of plant variables changes sense from positIve 

to negative and then to positIve as statIon sizes increase. 
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7·3.5· Pred1ct1ng Tbtal Staff 

No. of 
Independant Probability Indep't Coeff1cient 

Var1able Var1able by chance 

Constant 
= -156.330 

1 Installed Capacity 1.75840 10-21 

2 Age of Station -1.39130 10-13 

3 No. of Gen. Un1ts 41.964 10-12 

4 T,ype of firmg 43.458 10-3 

5 Thermal efficiency 0.45483 10-14 

6 Un1ts Generated -0.41763 10-23 
. 

7 Uhli sat ion 2.6383 10-5 

8 Um t Capacity 0.30099 10-14 

9 Reg10n 3.0743 10-6 

Table No. 30 - Coeffwients for Predwtmg the Number of Total 
Staff (Overall Probab111 ty = 10 31) 

The s1gnif1cant 1ndependant var1ables in this case 

are the plant and techn1cal var1ables plus the Reg10n. 

All the staffing and staff ratio var1ables being auto -

correlated with total staff. 

As was the case in the previous section, the 

coeff1c1ent for age of station is negative: the explanation 

for th1s being s1m1lar to that given earl1er. 

One interesting feature 18 that in pred1cting 

1ndustr1al staff ut1lisation is pos1t1ve, whereas Un1ts 

generated 18 negat1ve, it hav1ng the h1ghest sign1ficance 

of the variables. 

--
- 106 -



The number of generatmg un~ts has a high 

coeffic~ent, show~ng that a large work load is entailed 

for each generating un~t, which is quite logical in the 

context of total staff~ng. Type of f~ring also has a 

h~gh coeff~cient, showmg that a typical. coal fired power 

stat~on would have 43 more staff than a comparable oil 

f~red stat~on. 

Comments made ~n the Section predict~ng Industrial 

Staff regard1ng the use of contractors and multi-station 

sites are aga~n relevant to this section. 

Power Power Installed 
Pred~cted Actual Diff. 

Station Station Capacity Total Total Predicted 
Class No. 

MW Staff Staff - Actual 10 

16 3·9 105.0 139·0 -34.0 
Small 

82 5·7 142.3 143.0 -0·7 

23 39·0 492·9 512.0 -19·1 
Medium 

65 46.6 453·7 340.0 113.7 

44 198.0 552.6 386.0 166.6 
Large 

85 198.3 695.3 707 .• 0 -11·7 

Table No. 31 - Comparison of Predicted and Actual Total Staff 

for a Sample of Power Stat10ns. 

Comparing pred1cted and actual total staff1ng levels of 

the six power stations, differences are low in the case of 

P.S.82, P.S.23 and P.S. 85. Two of the stations P.S.65 and 

P.S.44 have predicted values appreciably higher than the 

actual levels. 
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In the case of P.S.65,a major contribution 

to this is from the number of generat1ng units, 

there be1ng 8 at th1s power station. 

The actual value of 340 for th1s power stat10n 

1S qu1te low for 1tS 1nstalled capac1ty. Even 

P.S.23 wh1ch 1S quoted 1n th1s sect1on, has a lower installed 

capac1ty and yet the total staff of 512 is 172 higher. 

P.S.44 also has an actual value of 386, 

wnich 1S very low for a power station containing 

four 500 MW generat1ng un1tS. As comparisons P.S.85 

and P.S.88.(both having four 500 MW generating units 

1nstalled )each employs over 700 staff. 

When pred1cting total staff, other than the 

Region, all var1ables are plant variables. The factors 

for Region vary from about 3 to 12;so that 1n the 

f1nal pred1cted val~€s, the Region has only a very 

small contribut1~n, the largest influences on total 

staff being technical and plant features. 
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PredIcting the RatIo Technical Staff Total Staff 

No. of Probablll.ty 
Indep't Independent Variable CoeffIcIent ~~ Chan~) Variable ro~'led 

Constant 
= 0.06331 

3 No. of Gen. UnIts -0.00327 10-2 

12 IndustrIal Staff 0.000024 10-2 

15 Ratio AdmIn : 1.7800 10-15 
Total Staff 

Table No. 32 CoeffIcients for PredIcting the RatIo Technical Staff 

Total Staff (Overall probabIlity = 10-14) 

Only three Independent variables, of the fourteen tested, 

proved to be SIgnifIcant when predicting the ratio of 

technical staff: total staff. Of those three varIables 

only the number of generatIng unIts was a plant variable, 

Its coeffIcIent beIng in a negative sense, showing the 

tendancy for a lower ratio of technical to total staff ~li th 

more generatIng units. From section 7.3.2 it will be 

observed that the number of generating unIts had a negative 

sense when predicting technical staff, whereas this variable 

has a POSItIve sense when predIcting total staff. 

Of the sIgnIficant staffing varIables the ratio of 

adminIstratIve staff : total staff had a hIgh signifIcance, 

the variables industrial staff and number of generating units 

haVIng a much lower significance, much less than the overall 

SIgnifIcance. 
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Predict10ns were made for a sample of s~ power 

stat10ns, the results be1ng shown in Table No.33 • 

Power Power Installed Predicted Actua.l D1fferencE Station Capac1ty' Value of Value of Station No. MI~ Tech Staff/ Tech Staff/ 
Predicted 

Class 10 Total Staff Total Sta!·f - Actual 

Small 82 5.7 0.159 0.157 0.002 

100 3.4 0.161 0.157 0.004 

Medium 40 41.0 0.208 0.269 -0.061 

65 46.6 0.133 0.183 -0.050 

. 
Large 69 198.3 0.177 0.255 -0.078 

85 198.3 0.167 0.157 O.OlD 

Table No.33 - ComEarison of Pred1cted and Actual Rat10S of 

Technical staff :Total Staff for a S3mple of 

POIier Stat10ns. 

The pred1cted values for P.S.82, P.S.IOO and P.S.85 are 

quite close, the small stations having predicted figures 

1.2% and 2.5% h1gher than actual. P.S. 85 pred1cted f1gure 

is 6.7% higher than actual. 

In the case of P.S. 40, P.S.65 and P.S.69, the actual 

ratio exceeds the predicted ratio by considerable amounts, 

b.1 22.7%, 27.3% and 30.6% of the actual values respectively. 
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Power Power Predlcted Net Net 
Station Statlon Value of Contributl0n Contrlbubon 
Class No. Ratio 

Tech /Total 
of plant of staffing 
Varlables varlables 

Small 82 0.159 -0.0098 0.1059 

100 0.161 -0.0066 0.1044 

r~edium 40 0.208 -0.0131 0.1580 

65 0.133 -0.0262 0.0955 

Large 69 0.177 -0.0131 0.1268 

85 0.167 -0.0131 0.11644 . 
Table No. 34 - Net Contributions of Variables when Predicting_ 

the Ratio of Technlcal Staff : Total Staff 

(Constant - 0.0613) 

There is a large dlfference ln the actual ratios in the 

examples selected,For example,in the medium size stations 

P.S.40 has a ratio of 0.269,the P.S.65 ratlo is 0.183. In the 

case of the large statl0ns , P.S.69 has an actual ratio of 

0.255, whereas the P.S.85 ratlo is 0.157. 

Nine stations having 4 x 500 MW installed generating 

umts and an installed capacity of 198)MW (le 200001 minus 

works power) show the following actual technical: total 

stafflng ratlos. 
Power Technical/ Power Technical/ Stabon Station 
No. Total Staff No. Total Staff 

-
11 0.157 88 0.157 

44 0.216 105 0.150 

63 0.245 117 0.135 

69 0.255 123 0.132 

85 0.157 

---Table No.3)-Actual Technical : Total Staff Ratiosfor a 

Sample of Large Power Stations. 
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As has been shown by the regressions, the type of 

f1ring has no s1gnificance in explaining the rat10 1n 

quest10n and yet there 1S a large var1ation in actual 

rat10s 1n the large stations, from 0.132 to 0.255. 
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7·3.7 Predict1ng the Ratio Adm1n1strative Staff Total Staff 

No. of Probab1lity 
Indep't Independent Var1able Coeffic1ent ~y Chan~) 
Var1able roun1ed 

Constant 
= 0.01349 

1 Installed Capacity -0.00003 , 10-1 

3 No. of Gen. Un1ts 0.00057 10-1 

5 Thermal Eff1ciency 0.00041 10-1 

6 Un1ts Generated 0.00001 10-1 

9 Reg10n 0.00003 10-1 

10 Techn1Ca1 Staff -0.00019 10-1 

. 
10-15 12 Industrial Staff 0.00001 

14 Ratio Techn1cal : 0.26302 10-15 

Table NO.36 

Total Staff 

Coeffic1ents for Predicting the Ratio of 

Adm1n1strat1ve Staff : Total Staff 

(Overall probability = 10-14 ) 

As 1n the prev10us prediction the Ratio variable was 

b.y far the most highly sign1ficant. The next in order of 

signif1cance was the number of Industr1al staff, the 

rema1nder having a lower s1gnificance. 

Larger power stations tend to require a lower ratio 

of administrative staff: total staff. Higher thermal 

eff1c1ency, more generat1ng un1ts and more un1tS generated 

all tend to requ1re larger ratios of th1s staffing. It is 

interesting that the coeffic1ent for technical staff has a 

negative sense whereas that for the technical staff : total 

staff ratio is pos1t1ve. 
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Table No.31shows pred1ctions of the ratio of 

Admin. : Total staffs for a sample of pO>Ter stations. 

Power Power Installed Predicted Actual Value D1fferenc€ 
Stahon Stat10n Capacity Value of of ratio Predicted 

Class No. MW techn1cal : technical : - Actual 
10 total staff total staff 

Small 61 3.5 0.066 0.039 0.027 

81 1·0 0.060 0.058 0.002 

Medium 91 18.4 0.053 0.058 -0.005 

120 61.2 0.056 0.050 0.006 

Large 11 198.3 0.051 0.058 -0.007 

107 183.1 0.045 0.043 0.002 

Table No.31 - Compar1son of Predicted and Actual Ratios of 

Administrative: Total Staff for a Sample of 

Power Stat10ns. 

Compar2sons of pred2cted to actual rat10s show that 

differences occur negatively and pos1tively independently 

of power station S2ze. 

P.&61 has the greatest discrepancy between prediction 

and actual values; it is of course a very small pO>Ter station 

which 1S not representative of small stat10ns. It has 

rema2ned in the data table due to more than ten technical 

staff being employed, however, in the last twelve months 

stat10ns of this size have been closed down. 
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Power PO\<er Predicted Net Net 

Station Stahon ratio Contr1bution Contribution 

Class No. Adm1n : of plant of staffing 
Total Staff Variables Variables 

Small 67 0.066 0.00985 0.04289 

81 0.060 0.00872 0.03764 

Med1um 97 0.053 0.01725 0.02178 

120 0.056 0.01905 0.02306 

Large 11 0.051 0.01215 0.02504 

107 0.045 0.01870 0.01248 

Table No.38 - Net Contr1butions of Var1ables when Predicting 

the Ratio of Administrative Staff: Total Staff 

(Constant = 0.01349) 

Net contributions of plant variables are considerably 

less than staff1ng variables for small power stations, 

however for medium and large stations there is closer to 

a balance between the contr1butions. 

In the case of both staffing ratios, the medium and 

large stations are more compat~ble with each other, the small 

stations giv1ng different results. 
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7.4 Procedure to Test Quality of Varlables in Predictions 

Having predlcted the dependant variables in the 

seven previous sectlons,one further test was carried out, 

uSlng the predlctlon of a1ministratlve staff as an example. 

The test was to ensure that the independant varlables 

were signlflcant ln predicting Administrative staff and not 

because, as ln thlS case Wl th Technical staff, another 

varlable was so highly slgniflcant that the other variables 

were showlng signlficance towards It. Therefore a test was 

carried out to show that the other independent vanables 

were not predictlng admlnistrative staff biased by the 

dominantly hlgh slgnlficance of technical staff. 

The test programme carried out was based on the results 

of the predlctlon of admlnlstratlve staff ln section 3.3.3. 

Stage I was to remove the independent variable having 

the least signiflcance, in this case the Type of firing, with 

approxlmate p(rounded) of 10-4. 

A predictlon of administrative staff followed which 

resulted in a higher overall probability from 10-72 to 

10-14. 

This procedure was repeated, removing variables 

Utilisatlon, Number of generating units and Units generated 

respectively, each time the overall probabilltyof the results 

occurrlng by pure chance remalning extremely significant at 10-74. 

The next stage was to predict the Number of technical 

staff WhlCh was the most significant lndependent variable 

for predictlng adminlstrative staff, USlng the lndependent 

variables left after those mentioned above had been removed. 
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The remalnlng lndependent varlables were Installed 

capacity, Age of statlon, Thermal efficiency, Units 

generated and Number of Industrial Staff. Overall ~obablllty 

by chance (rounded) was 10-44 WhlCh was considerably 

lower than when predlctlngAdministratlve staff using 

~ 
the dlscarded lndependant varlables. 

Finally, Admlnistratlve staff was predicted using the 

variables Installed capacity, Age of station, Thermal 

efflclency, Units generated and Technlcal staff. Overall 

~l probability (rounded) was 10 ,i.e. higher than predictlng 

Technical staff. 

This showed that ln the original regressions'predicting 

Administrative staff, the independent variables were truly 

slgnificant In'predicting Administrative staff and were not 

themselves affected by Technical staff. 
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Dependent Independent 
Approx. Overall 

Step Varlable Variables 2 Prob. Approx Prob. 
No. r by Chance by Chance bemg Pred1cted Nos. (rounded) (roumed) 

1 AdInlnistrative 1,2,3,4,5,6, 0·9491 Vanable 
10-72 Staff (11) 7,8,10,12 No. 4, 

lowest at 

10-4 

2 Adminlstrative 1,2,3,5,6, 0·9490 Variable 
10-74 Staff (11) 7,8,10,12 No.7, 

lowest at 
10-7 

3 Admmistrative 1,2,3,5',6, 0.9489 Variable 
10-74 

. 
Staff (11) 8,10,12 No. 3, . 

lo><est at 

10-8 
. 

4 Ad.mmistrative 1,2,5,6, 0.9486 Variable 
10-74 Staff (11) 8,10,12 No. 8 

lowest at 

10-16 

5 Ad.minstrahve 1,2,5,6, 0.9484 Most Sig-
10-74 Staff (11) 10,12 nificant 

Varlable 
Technical 
Staff at 
10-63 

6 Technical 1,2,5, 0.8197 
10-44 Staff (10) 6,12 

7 Ad.mlnistrative 1,2,5,6, 0·9037 
10-61 Staff (11) 10 

Table No.39 - Test Procedure for Assessl11g IndependantVariables 

when Predicting Administratlve Staff. 

-
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7.5 Examples of Predlctions for a Region 

To show examples of the use of the predictions, 

the number of technlcal and lndustrial staff were 

predlcted for the power statl0ns of two Regions. 

The Reglons selected were No. 3 and No. 5, the results 

are shown on Table Number 40 including the actual 

values. Differences between actual and predicted staff 

numbers are included together with percentages. 

In both cases the total number of technical staff 

predicted, exceeded the actual total number of technical 

staff; whereas the total number of industrial staff 

predicted were less than the actual numbers. Siml1ar 

exercises would be necessary for the remalning Regions 

to ascertain where the total actual technical staff 

exceeded predlcted numbers and vice versa for lndustrial 

staff. 

The value of this type of exerClse lS in explaining 

the maJor dlfferences between predlcted and actual values, 

whether for a power statlon, or totals for a Reglon. 

Queries regardlng use of contractors and allowances 

for multi-statlon sites still remaln to be answered. 
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Power No. of Technical Staff No. of Industrial Staff 
Station Actual % Age Actual % Age No. from Actual Pred~cted Act.-Pred. Actual Predicted Act.-Pred. Table - -

Predwted Actual PredIcted Actual 

58 123 155·5 -32·5 -26.4 635 587.2 47.8 7.5 
59 72 70.2 1.8 2.6 263 264.9 -1.9 -0.7 
60 50 83.0 -33.0 -66.0 351 313.5 37 ·5 10.7 
61 11 13·4 -2.4 -22.2 53 50.8 2.2 4.2 
62 30 41.1 -11.1 -37.1 169 155·3 13.7 8.1 
63 119 94·5 24·5 20.6 337 356.9 -19·9 -5·9 
64 193 149·3 43.7 22·7 531 563.6 -32.6 -6.1 
65 62 66.1 -4.1 "<;.6 260 249.4 10.6 4.1 
66 11 7.0 4.0 36.2 22 26.5 -4.5 -20.4 
67 13 14.8 -1.8 -13·9 60 55.9 4.1 6.8 
68 89 75.6 13.4 15.0 272 285.5 -13·5 -5.0 
69 110 84.0 26.0 23.6 292 317.1 -25·1 -8.6 
70 45 48.5 -3·5 -7.8 182 183.2 -1.2 -0.7 
71 66 108.0 -42.0 -63.6 461 407 .6 53.4 11.6 
72 41 48.5 -7.5 -18.4 192 183.2 8.8 4.6 
73 27 37.8 -10.8 -40.0 155 142.8 12.2 7.3 
74 21 26.3 -5·3 -25.3 104 99.3 4.7 4.5 
75 11 5.3 5·7 52.2 12 19.9 -7.9 -65.6 
76 23 22.0 1.0 4.3 83 83.1 -0.1 -0.2 
77 77 122.8 -45.8 -59.4 522 463.6 58.4 11.2 
78 33 38.0 -5.0 -15.2 149 . 143.5 5·5 3.7 

Total: 1227 1311.7 -84.7 5105 4952.8 152.2 

Table No. 40 - Predicbons of Number of Technical Staff and Industr~al Staff for Power Stabons m 

Region No. 3. 
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Power No. of Technlcal Staff No. of Industrial Staff 
Station Actual % Age Actual % Age No. from 
Table Actual Predlcted - Act.-Pred. Actual Predicted - Act.-Pred. 

Predlcted Actual Predlcted Actual 

104 63 64.9 -1.9 -3.1 352 346.5 5·5 1.6 
105 91 90.4 0.6 0.7 486 482.1 4·9 0.8 
106 24 22.4 1.6 6.5 119 119.7 -0.7 -0.6 
107 147 167.6 -20.6 -14·0 933 894.4 38.6 4.1 
108 99 122.2 -23·2 -23·4 687 651.8 35.2 5.1 
109 69 72.5 -3·5 -5·1 392 387.0 5.0 1.3 
110 95 88.0 7·0 7·4 466 469.4 -3.4 -0.7 
111 29 23.8 5·2 18.0 119 126.9 -7.9 -6.6 
112 25 17.5 7·5 29·9 82 93.6 -11.6 -14.1 
113 73 67.3 5·7 7.8 359 359.2 -0.2 -0.1 
114 33 27.3 5·7 17·1 139 145.9 -6.9 -5·0 
115 51 56.8 -5·8 -11.3 310 302.9 7·1 2.3 
116 28 31.5 -3·5 -12·5 170 168.1 1.9 1.1 
117 87 96.0 -9·0 -10.3 522 512.2 9.8 1.9 
118 123 114.4 8.6 7·0 605 610.6 -5.6 -0.9 
119 49 53.6 -4.6 -9·5 292 286.3 5.7 2.0 
120 71 82.5 -11·5 -16.2 456 440.1 15.9 3·5 
121 48 47·1 0·9 1.9 255 251.4 3.6 1.4 
122 35 42.4 -7·4 -21.0 234 226.0 8.0 3·4 
123 81 91.1 -10.1 -12·5 - 497 486.1 10.9 2.2 
124 83 82.0 1.0 1.2 440 437.7 2.3 0.5 
125 10 9.8 0.2 1.9 52 52.3 -0.3 -0.6 

Total: 1414 1471.1 -57.1 -4.04 7967 7850.2 116.8 1.47 

Table No. 40- Predictions of Numbers of Technlcal Staff and Industrial Staff for Power Stations of 
Region No. 5. 



7.6 Forecastlng of Resource Requirements 

In the prevlous sections, variables and thelr 

relatlonships were ldentifled and tested, to find whether 

they were slgnlflcant In predictlng power statl0n reannlng 

levels. One applicatl0n for the slgnlflcant varlables 

would be ln forecastlng manpower requirements In future 

years: for example as part of an electriolty supply 

lndustry's corporate plan. 

Basically the method for this forecastlng would be to 

find values of the slgnificant variables for the periods 

to be considered. 

Many of the variables would be forecast, as they are 

now, as part of the electricity supply industry corporate 

plan, which lS dlvlded between the generating and distributlon 

activltes, each of WhlCh is dlvlded between lower operating 

organlsatlons. 

The most difflcult to forecast accurately for a long 

future perlod would be the part electrlclty has to play in 

the demand for energy and the level of demand. Central 

planning by econometric means is carried out which would 

give a forecast of the level of generation, from which the 

allocatlon to regions and power stations would be assessed. 

Such allocatlon, which becomes utllisation, would be based 

on unit costs of the power statlons productlon, together 

with the assumptions of plant availabllity. 

Plant availabllity and thermal efficiency for a power 

station would be forecast, based on results of work planned 

for the future, WhlCh is concerned with the1mprovement or 

ma~tenance of these parameters. Where work is not to be 
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carried out 1n a short perlod, for example on a large 

turbo-alternator, a'deterlorating'factor could be used to 

forecast thermal efflclency. 

DeclslOns wlll be wade about which power statlons \1111 

be closed and which new statlons will be commlss10ned with1n 

the time scale of the plan. The variables installed capacity, 

age of station, number and capaclty of generating un1ts and 

type of firing of the ava11able power statlOns 'nll be known. 

Utllising the forecast values of these variables, by 

s1mulat1ng the generatlng plant mix and performance, 

pred1ctions of staff1ng levels could be made. The curve 

fltting from which predlctlons were made ln earlier sections 

was based on data from previous results and staffing patterns. 

It is envisaged that annual predictions would be made on data 

available from each prevlous year. The curve fit would then 

be based on a different number of power stat1ons, w1th plant 

mlX and type of flrlng vary1ng as a result of commissloning 

new plant, shuttlng down uneconomic power stations and 

performances varying from the previous years. As annual 

results were obtained,trends would be observed which could 

be used to blas future forecasts. If there are only a few 

power stations, this forecastlng for each stat10n could be a 

practical method, easlly and quickly carr1ed out. 

A variation of this method would be to forecast for cne 

Region the manning levels for dlfferent lnstalled capaclties, 

varying unit sizes, different types of flr1ng, assuming a 

particular overall thermal efficiency and utilisation level. 

--
- 123 -



Example of ForecastIng TechnIcal Staff 

AssumptIons were made that the example was for 

RegIon No. I In 1976, when the overall thermal 

efficIency was 30% and utilIsatIon 70%. 
The expression for predictIng number of 

technical staff was compiled from a consta.~t, 

plus the product of each coeffIcIent tImes its 

variable ~he variables being installed capacity, 

age of station, number of generatIng units, type 

of firing, thermal efficiency, unIts generated, 

utilisation, average generating unIt capacIty and 

reglOn) • 

After Inserting the values of the variables 

the expressIon for predicting the numbers of 

technical staff became: 

TechnIcal Staff = 32.103 + (0.04565 x Total 

Installed.capacity of power station) 

+ (3.5102 x Installed capacIty + Average 

generatIng unIt capacity) + (6.3758 x Type of 

firing). 

The computer programme was compiled so that the 

columns were, from left to right, number code of 

power statIon, number of technical staff, installed 

capacity of power station, average generating unIt 

capacIty, type of firing and as a final column the number 

of technical staff per MW of installed capacity. 

The programme was designed to list installed 

capacities in the ranges 100 MW, 250 MW, 400 MW, 
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500 MW, 750 )IW, 1000 MH, 15001-rH, 3000MH a.'1d 

5000 MW. Generating unit capacities started. at 

30 MW and progressed up«ards Vl.a 60 I,m, 120]i!li, 200 Mli, 

350 Nil, 500 Ml-I and. 660 Mli to 1300 Wl. 

Each combl.natl.on of installed capacl.ty and. 

generatl.ng unit size «ere predicted for three 

dl.fferent types of firl.ng, ol.l, p.f. ani nuclear. 

The programme l.S shown on page number 126. 

Results of computer print out are sho«n l.n Table No.41 • 

In the table some editing has been carried out. 

When generatl.ng unl.t capacity was greater than 
, 

l.nstalled capacity of the power statl.on, the example 

was l.gnored. Siml.larly where small generatl.ng unl.ts 

were installed l.n very large capacl.ty power statl.ons 

they were left out (for example 30 Wd generating units 

l.n 1500 MW capacity power stahons). 

It wl.ll be seen from the results that the 10~lest 

staffing for each power statl.on occurs when it is 

oil fired. and the variation from the smallest 

generating unl.t and oil fl.red power stations which 

employs 0.558 technical staff per MW falls to 0.063 

technl.cal staff per MW in an oil fired power station 

of 5000 MW capacity, contal.nl.ng generatIng unl.ts of 

660 MW capacl.ty. Incidentally a 5000 MW capacl.ty 

power station comprl.sing 1300 ffii generatl.ng unl.ts 

has a hl.gher number of technl.cal staff predl.cted 

than when the generating unl. ts are of 660 MW capacity. 

This example uses technical staff as the resource 

bel.ng forecast, other sections of staffl.ng or total 

staffing could be forecast in a similar manner. 
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DIME'~,)IO,'II ' .. IMC 11 ).i/SCR).F(3) 
:.N;C I )=1 00 
,.!;v,c 2) =25Q 
\01(\1(3)=400 
H~"( 4) =500 
U~1( 5) =750 
i·n,,( 6) =1 000 
Vt1( 7) = I ') 0 0 
\·iM(8) =2000 
\'IM(9) =3000 
\')MC 10)=4000 
\~M(II)=SOOO 

I)S(I)=30 
LlS(2)=60 
US(3)=\:?0 
US(4)=200 
US(5)=3S0 
I)S(6)=500 
US(7)=660 
I1S(8)=1300 
F'CI )=1 
F'(2)=3 
F'(3)=4 
NUM=O 
D,] 2 NI=I.II 
0'1 2 .'112=1.8 
01] 2 ;113=1.3 
NU:-l=;IIIJ'1+! 
C6=-.2S393*:I~CNI ) 
TM=32.I03+.04565*h~(NIX 

TM=TM+.03391*USCN2) 
E=TM/W1( NI) 
TMI=TM+C6 

-see beloll1 
+3. 51 02"\'i~1C NI) /IIS( '112) +6.3 75~"F'C;'II3) 

2 WRITECI.17)NUM.TM.TMI.WMCNI).USCN2).F'CN3).E 
17 F'ORMATCI5.2F'6.1.3F'7.0.EI3.S) 

END 
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Installed Generatmg Rat 1.0 No. of 
No. of Capacl. ty of Tech. Staff : 

Item Technical Power Unit '!Ype of Installed 
No. Staff Station Capacity Firing Capacl.ty 

MI-! MW 
/.I\~ 

1 55.8 100 30 1 0.558 
2 68.5 100 30 3 0.685 
3 74.9 100 30 4 0.749 
4 50.9 100 60 1 0509 
5 63.7 100 60 3 0.637 
6 70.1 100 60 4 0.701 
7 80.2 250 30 1 0.321 
8 92.9 250 30 3 0.372 
9 99·3 250 30 4 0.397 

10 66.6 250 60 1 0.266 
11 79·3 250 60 3 0.317 
12 85·7 250 60 4 0.343 
13 61.3 250 120 1 0.245 
14 74·0 250 120 3 0.296 
15 80.4 250 120 4 0.322 
16 61.1 250 200 1 ' 0.244 
17 73.8 250 200 3 0.295 
18 80.2 250 200 4 0.321 
19 104.6 400 30 1 0.261 
20 117·3 400 30 3 0.293 
21 123·7 400 30 4 0.309 
22 82.2 400 60 1 0.205 
23 94.9 400 60 3 0.237 
24 101.3 400 60 4 0.253 
25 72.5 400 120 1 0.181 
26 85·3 400 120 3 0.213 
27 91.6 400 120 4 0.229 
28 70·5 400 200 1 0.176 
29 83.3 400 200 3 0.208 
30 89· 7 400 200 4 0.224 
31 72.6 400 350 1 0.182 
32 85·4 400 350 3 0.213 
33 91.7 400 350 4 0.229 
34 92.6 500 60 1 0.185 
35 105·3 500 60 3 0.211 
36 111.7 500 60 4 0.223 
37 80.0 500 120 1 0.160 
38 92.8 500 120 3 0.186 
39 99·1 500 120 4 0.198 
40 76.9 500 200 1 0.154 
41 89·6 500 200 3 0.179 
42 96·0 500 200 4 0.192 
43 78.2 500 350 1 0.156 
44 90·9 500 350 3 0.182 
45 97 .3 500 350 4 0.195 
46 81.8 500 500 1 0.164 
47 94·5 500 500 3 0.189 
48 100·9 500 500 4 0.202 
49 98.7 750 120 1 0.132 
50 111.5 750 120 3 0.149 

Table No. 41 - Forecastl.ng Technical Staff for Varyin~ Generatin~ 
Unl.t an~'Power'dt~t1.on Capacit1.es. 

."'==46 u • 
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Installed Generating Ratw No. of 

Item No. of Capac1ty of Unit Type of Tech. Staff : 

No. Technical Power Capacity FU1ng Installed 
Staff StatIon Capacity 

MW MW MW 

51 117.9 750 120 4 0.157 
52 92.7 750 200 1 0.124 
53 105·4 750 200 3 0.141 
54 111.8 750 200 4 0.149 
55 92.1 750 350 1 0.123 
56 104.9 750 350 3 0.139 
57 11.2 750 350 4 0.148 
58 94.9 750 500 1 0.127 
59 107·7 750 500 3 0.144 
60 114·1 750 500 4 0.152 
61 99·1 750 660 1 0.132 
62 111.8 750 660 3 0.149 
63 118.2 750 660 4 0.158 
64 117·4 1000 120 1 0.117 
65 130.2 1000 120 3 0.130 
66 136.6 1000 120 4 . 0.137 
67 108.5 1000 200 1 0.108 
68 121.2 1000 200 3 0.121 
69 127.6 1000 200 4 0.128 
70 106.0 1000 350 1 0.106 
71 118.8 1000 350 3 0.119 
72 125.2 1000 350 4 0.125 
73 108.1 1000 500 1 0.108 
74 120.9 1000 500 3 0.121 
75 127 .2 1000 500 4 0.127 
76 111.8 1000 660 1 0.112 
77 124.6 1000 660 3 0.125 
78 141.0 1000 660 4 0.131 
79 154.9 1500 120 1 0.103 
80 167.7 1500 120 3 0.112 
81 174.0 1500 120 4 0.116 
82 140.1 1500 200 1 0.0934 
83 152.8 1500 200 3 0.102 
84 159.2 1500 200 4 0.106 
85 133.9 1500 350 1 0.089 
86 146.6 1500 350 3 0.098 
87 153.0 1500 350 4 0.102 
88 134.4 1500 500 1 0.0896 
89 147.2 1500 500 3 0.0981 
90 153.6 1500 500 4 0.102 
91 137.3 1500 660 1 0.0915 
92 150.1 1500 660 3 0.100 
93 156.4 1500 660 4 0.104 
94 161. 7 2000 350 1 0.0809 
95 174.5 2000 350 3 0.0872 
96 180.8 2000 350 4 0.0904 
97 160.8 2000 500 1 0.0804 
98 173.5 2000 500 3 0.0868 
99 179·9 2000 500 4 0.0899 

100 162.8 2000 660 1 0.0814 

--
Table No. 41 Cont1nued 
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Installed Generating 
Rabon No. of 

No. of Capac1ty of Tech. Staff : 
Item Technical Power Unit Type of Installed 
No. Staff Stabon Capac1ty Firing Capac1ty 

NI, ~m m; 

101 175·5 2000 660 3 0.0878 
102 181.9 2000 660 4 0.0909 
103 179·3 2000 1300 1 0.0896 
104 192.0 2000 1300 3 0.0960 
105 198.4 2000 1300 4 0.0992 
106 213.4 3000 500 1 0·0711 
107 226.2 3000 500 3 0·0754 
108 232.6 3000 500 4 0·0754 
109 213.8 3000 660 1 0·0713 
110 226.5 3000 660 3 0.0755 
III 232.9 3000 660 4 0.0776 
112 227·6 3000 1300 1 0.0759 
113 240.4 3000 1300 3 0.0801 
114 246.7 3000 1300 4 0.0822 
115 226.1 4000 500 1 ,0. 0665 • 

116 278.9 4000 500 3 0.0697 
117 285.2 4000 500 4 0·0713 
118 264.7 4000 660 1 0.0662 
119 277·5 4000 660 3 0.0694 
120 283.9 4000 660 4 0.0710 
121 276.0 4000 1300 1 0.0690 
122 188.7 4000 1300 3 0·0722 
123 295·1 4000 1300 4 0.0733 
124 318.8 5000 500 1 0.0638 
125 33.15 5000 500 3 0.0663 
126 337·9 5000 500 4 0.0676 
127 315·7 5000 . 660 1 0.0631 
128 328.5 5000 660 3 0.0657 
129 334·8 5000 660 4 0.0670 
130 324·3 5000 1300 1 0.0649 
131 337·1 5000 1300 3 0.0674 
132 343.4 5000 1300 4 0.0687 

Table No. 411 Cont1nued. 
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8. ALTERNATIVE METHODS 



8. ALTERNATIVE METHODS 

A maJor d1sadvantage of uS1ng least squares 

curve f1tt1ng, occurs when var1ables have a very 

w1de range of values, from very small to very large. 

When there 1S th1s w1de range of values, the large 

values have an overlarge 1nfluence on the results. 

In effect the larger values overshadow the small. 

Tb obv1ate th1s d1sadvantage 1n this project, 

when f1nd1ng the relationships between variables, 

very small power stat10ns were omitted and least 

squares curve f1tt1ng used for the rema1nder. 

S1nce the data was collected for th1s project 

the C.E.G.B. has closed down these very small power 

stat1ons. As a result the data used, 18 representative 
, 

of the 1ndustry at the present t1me and least squares 

regress10n can be used w1th some confidence. 

However there may be electr1c1ty supply industries 

which reta1n a m1xture of very small and very large 

power stations, 1n which case alternative methods 

to least squares m~ be des1rable. 

In the least squares method the errOr squared which 1S 

min1mised is often in d1mens10nal form, in terms of 

power generated for example, the values can vary 

from hundreds of k1lowatt - hours to mil110ns of 

k110watt - hours. 
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When the var~able be~ng considered has several high 

values and a few of very low values, the errors 

at the high end, when squared can be extremely large 

compared wlth the errors squared at the low end. 

Thus the effect ~s that comblnat~ons of very hlgh 

squares overshadow the very small squares at the low end. 

An alternatlve approach for finding relationships 

between var~ables , when the variables have extreme 

values, co~ld be to find the assoclatlon between them. 

Instead of f~nd~ng the significance of a var~able 

when using lt to predict another variable by 

regression, the alternat~ve approach would be to find 

the association of the variable with another. 

As an example, to find the relationsh~p between 

thermal efficlency and number of men uSlng the 

regression method, the points are plotted 

and curve f~tting us~ng least squares carrled out 

on a curve. In the alternatlve method the 

aSSoclatlon between number of staff and thermal 

efflclency lS found. Put another way we should 

flnd the level of thermal efficiency more frequently 

in po~er statlons having a certain number of staff. 

It could happen that levels of,saY,thermal 

efflclency could occur when certain numbers of 

staff are employed but where no real assoc~ation eXlsts. 

Therefore even ~n thlS method a signiflcance test is 

necessary to test the reality of the associatlon. 

Havlng proved that the assoclation is rea~ measurement 

of the ~ntenslty of the association will be necessary. 
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When speak1ng of assoc1at10n,the imp11cat10n is that 

a comparison 1S made, and that when,say,the values 

of two var1ables are fotL~d frequently h1gher 

1t can be sa1d that they are assoc1ated. 

The X2 ("Chi-square") distribut10n could poss1bly 

be used to test the reality of associat10n as an 

alternat1ve method to least squares regression. 

2 
The bas1s of the X test 1S expected and observed 

frequenc1es.When compar1ng results of variables the 

widely differ1ng dimens10ns will not affect results 

as mentioned for least squares regress10n. 

The goodness of fit of the data could be 

determ1ned by the X2 test,which could form the basis 

of an alternat1ve method. 
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9. CONCLUSIONS 



9. CONCLUSIONS 

Methods have been developed and tested ln this project, for 

measurlng the relatlve productlvlty of manpo>ler and forecastlng 

future manpower requlrements In power generatlon. The methods were 

slmllarly developed and tested to enable comparison of therma~ 

efhciencles achieved by po'"ler statlOns. 

9.1 Methods 

Varlables, both technlcal and manpOl'ler, were selected 

because they had some influence on thermal efficlency and 

on manning levels. 

These were Installed capacity, Age of pOller' station, 

Number of generatlng units, TYPe of firing, Units generated, 

Utlllsatlon, Generating unit capacity, Region, Numbers of 

Technlcal staff, Administrative staff, Industrlal staff, 

Total staff and the Ratios of Technical : Total staff and 

Admlnistratlve : Total staffs. 

Multiple regresslon curve fitting(by computer, 

lncorporatlng values of these variable~ 1"laS used to show 

whether the selected varlables were slgniflcant. 

Not all the mdependant variables were sho·Nl1 to be 

slgniflcant in predlcting the thermal efflciency and mannlng 

levels when each was the dependant variable. 

Table 42 shows the best predictive varlables and the 

number and ldentiflcatlon number of the slgnlflcant 

independant varlables for each predictlon. 

---
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Number of Identifymg Number 
Dependant Best Pred2ctive Significant of the Signir~cant 
Variable Variable Independant Independant 

Var~able Variable 

Thermal Age of POl1er 12 1,2,3,4,6,7,o,10, 
Efhc2ency Stat~on 11,12,13,15 

Technical Adm~n~strat2ve 12 1,2,3,4,5,6,7,8,9, 
Staff Staff 11,12,15 

Adm~n2strative Technical Staff 11 1,2,3,4,5,6,7,8,9, 
Staff 10,12 

Industr2al Staff Adml.nl.strat2ve 13 1,2,3,4,5,6,7,8,9, 
Staff 10,11,14,15 

Total Staff Unl.ts Generated 9 1,2,3,4,5,6,7,8,9, 

Ratio Tech Staff: Raho Admin Staff: 3 3,12,15 
Total Staff Total Staff . 

Ratio Admin Staff: Ratl.o Tech Staff : 8 1,3,5,6,9,10,12,14 
Total Staff Total Staff 

Table No. 42 - Best Iredichve Variables and Number of Signifl.cant 

Varl.ab1es in Predictl.ons. 

Identification of VarIables for use wl.th Table No 42. 

1 

2 

3 
4 

5 
6 

7 
8 

9 
10 

11 

12 

13 

14 

15 --

Installed Capac2ty 

Age of power station 

Number of generating units 

'!Ype of fUl.ng 

Thermal eff2ciency 

Power generated 

Utihsation 

Average unit capacity 

Reg20n 

Number of Technl.ca1 and Scientif2c staff 

Number of Adm2n2stratIve staff 

Number of Industr2al staff 

Total Staff 

Ratio Technical staff : Total staff 

Ratio Adm2nistrative staff : Total staff 
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The next stage in the method was to pred1ct values 

of the dependant variables for a selection of small, medium 

and large power stations. Compar1son of the prei1cted ani 

actual values followed and deviat10ns expla1ned, glvlng a 

measure of relatlve productlv1ty. 

Br1efly then the method shows that for a power statlon 

or generating organlsatl0n comprising several pO~ler statl0ns, 

predict10ns based on plant characteristics, levels of 

performance and manning levels, may be made of thermal 

eff1c1ency and manpower productivlty. 

A derivation of th9 method was tested, by which fore-

casts of future manpower requirements could be made. Hav1ng 

found the relationships of variables, then by simulating 

how the 1ndustry w1II develop and thus assigning values to 

the independant variables, forecasts of the level of 

manpower for some future per10d was made. 

9.2 Alternat1ve Methods 

Where the method 1S to be appl1ed to industries hav1ng 

power stat10ns of w1dely d1fferent character1stics, the 

use of multiple regression curve fltt1ng may possibly be 

replaced by alternative methods. One ,such method could be to 

use x2 to test the association of the variables. 

9.3 Observations and the Use of Methods 

These methods would seem to be adaptable to 

making comparisons of thermal effic1ency and 

manpower levels for generat1ng 1ndustries internationally 

or nationally. 

When compar1ng different utilities or industries, , 

major problems can occur when selecting variables and 

ensur1ng that their def1n1tions are the same. 
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The methods measure relat1ve productivity, 

although thermal eff1ciency 1S one measure of 

absolute product1v1ty. 

Thermal eff1ciency has l1m1tat10ns as a 

measure of management performance 1n power stations 

and an alternative such as the C.E.G.B. Stat10n 

Thermal Eff1ciency Performance Factor would be an 

1mprovement. However, this may 1ntroduce problems 

of s1m1lar definit10ns internationally or even 

nationally, as thermal efficiency is the most 

commonly quoted performance ind1cator. 

The methods have been applied for the results of 

power stations over a period of one year. However 

management policies and plans are for longer term and 

therefore it would be preferable to apply the method 

annually, assess1ng dev1ations year by year and 

observing.trends. Another reason for mOnitoring annual 

performance would be to g1ve a more complete 

picture of the early years of modern large power 

stations operation. New plant, or mod1fications, 

take a long per10d to engineer, manufacture, install 

and commission. As years pass one would expect to 

see the gap between pred~ction and actual value 

reducing eaoh year. 

As large stat10ns performance improves over 

the year the pattern of the generatlng load changes 

and affects results appreciably. Th1S is another 

reason for mon1toring performances annually. 
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9· 3·4 The method as applied for forecast~ng manpouer 

requirements oould be adopted for use in forecast~ng 

other partlcular resources, finance for example. 

9. 4 Future Work 

9·4.4 

--

Application of the methods to later years 

performance of pOrTer stations, to ShO,l up deviat~ons 

and the dlfferences in performance patterns result~ng 

from the large new power stations increasing their 

product~on levels. 

Assessing the effeot of using contractors, on 

manpower levels ~n power stations. When oarrying out 

measurement of manpower produotiv~ty the use of 

oontraotors needs inoorporating in some way 'lhich needs 

olarify~ng. 

When used internationally,the use of oontraotors 

compared with internal manpower levels lS important, 

in some oountrles power station maintenanoe is let 

out ln bUlk on oontraot. 

To invest~gate whether inoreasing staff levels 

would improve the performanoe of large new pO\ofer 

stations and lf so how to measure the improvement. 

Hydro-eleotric power generatlon was treated as a 

type of f~r~ng ln thls project. Ho;rever hydro-electrlC 

power ~s produced from stored pressure energy which is 

released merely by opening a valve. Hydro power needs 

fewer people and resouroes for operatlon and maintenance, 

and lS a completely dlfferent.form of energy to heat 

energy released from fuel. Types of flr~ng ;lhether oil, 
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9·4.5 

coal, pf"or nuclear,all transform heat energy into 

steam and the main features of these power stations 

are simllar whatever the type of firlng. 

Investlgatl0n into how to incorporate hydro­

electrlc power lnto this method lS required, as in 

many countrles, unl1ke England. and Wales, a large 

proportl0n of power lS hydro-generated. 

In assessing the performance of a power industry 

a "package" would be needed WhlCh measured absolute 

productlvlty and relative productlvlty. 

Absolute productivity is not easl1y measured 

internatl0nally due to definitions of variables 

differing wldely. 

Work lS requlred to draw up a "package" 

performance measuring system,incorporating absolute 

and relatlve productlvity factors. 

The methods have been applled,in this project, to 

the power generation side of the industry. Methods need 

developing and testing for measurlng the relative 

performance of the distributi,on slde of the electricity 

supply industry. 
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APPENDIX 2 

In January 1971 R. Pryke published a paper entJ.tled 

"ProductJ.v~ ty, Performance and Public Ownership (1). 

As part of th~s paper Pryke quoted sales per man-hour as a 

measure of productlv~ty for the U.K. electr~c~ty supply industry, 

compared w~th those for s~x other western ~ndustrialised nations. 

He showed that the British electricity ~ndustry's sales per 

man-hour have r~sen as fast or faster than all but one of the six 

major fore~gn suppliers. Dur~ng the decade up to 1971, only 

Belgium, w~th a productivity growth of 10.4% per annum, advanced 

more rap~dly than the Br~t~sh ~ndustry whose rate was 7.7%. 

The German ~ndustry was Just lower at 7.6%, Electric~te de 

France showed 7.3% and the Amer~can ~nvestor owned ut~l~t~es 

returned 7.1%. 

The annual percentage ~ncrease ~n sales of electr~city per 

man hour 1958-1968 were as follows:-

Belg;um 10.4 

Great Br~tain 7.7 

Germany 7.6 

France 7·3 
United States 7.1 

Norway 5·4 
Italy 5·1 
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ORGANISATION OF THE ELECTRICITY SUPPLY INDUSTRY IN ENGLAND AND WALES 

CENTRAL ELECTRICITY GENERATING BOARD THE ELECTRICITY COUNCIL AREA BOARDS 

Respons1ble for Generation and Ma1n Transm1ss10n Central counc11 of the Responsible for D1str1bution and 
supply industry, w1th Sales to Consumers 

MEMBERS OF THE BOARD respons1blllty for general 1- - -- AREAS DISTRICTS 
CHAIRMAN - - - - - - - - -- po11cy and programmes, 

1 I 1. LONDON 10 1 
DEPUTY CHAIRMAN - - - - 1 and advlsing the Secretary 

1 - - -- of State for Energy FULL-TIME MEMBERS(2) - - - 1 
1 - - -- I 2. SOUTH EASTERN 14 1 PART-TIME MEMBERS(4) 1 
1 

1 

I 
1 

I 1 1 
1 3. SOUTHERN 4 19 

1 CHAIRMAN 1 THE ElCECUTIVE 1 DEPUTY CHAIRIMtN(2) I 1 (Chalrman, Deputy Cha1rman 1 4. SOUTH WESTERN 13 1 (One Part-bme) and Full-bme Members) I 

I 
I I 2' EASTERN 3* 12 1 
I FULL-TIME MEMBERS 

H.Q. DEPARTMENTS I (2) I 6. EAST MIDLANDS 3* 1 I 12 
CHIEF OFFICERS(10) 

1 
1 I 1· MIDLANDS ~ 22 I 

REGIONS 1 
( . 

DIRECTORS-GENERAL GENERATION 1- - .fC .E. G.B. CHAIRMAN 
I I ) 8. SOUTH I'IALES 2 DEVELOIMENT (C.E.G.B. MEMBERS 

r- & CONSTRUCTION (2) 
I SOUTH EASTERN 1- DIVISION I 2· MERSEYSIDE & N.WALES 10 I 

I SOUlH I-IESTERN 1- DIRECTOR-GENERAL THE AREA BOARD 
CHAIRMAN (12) - - - i- \10. YORKSHIRE 1 11 I . 

I MIDLANDS 1-
Ill. I NORTH EASTERN 1 

I Il0RTH EASTERN 1- TRANSMISSION 
112. NORTH I'/ESTERN 6 18 I DEVELO BllENT 

I I 
I NOR'lH WESTERN 1- & CONSTRUCTION I- - --'-- ADVISERS (7 ) DIVISION Most Area Boards have four or f,ve Chief Off,cers 

• DIRECTOR-GENERAL *Designated "Groups" 
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