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SUMMARY

iia




The generation of electricity to meet demand at economic cost
depends upon the number, quality and effeciive utilisation of people
involved in the processes. Manpower in this indusiry i1s divided 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 electricity supply.

By comparing actual manning levels, against levels predicted by
the methods developed i1n 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 mannng patterns, and the
performances achieved which are dependant on efficient utilisation of
manpower at all levels.

Methods of forecasting manpower requirements are also considered
in this project, which are bas;d on future predictions of plant mix and
performance, and electricity demand.

Similar methods could be applied to forecasting other resource
requirements in the generation and supply of eleciricity to enable
realistic predictions to be made for use in corporate plamming at

national or regional levels.
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1. INTRODUCTION




1.

INTRODUCTION

The Electricity Supply Industry of England and Wales comprises,
with the exception of the Russian industry, the largest
intercommected electricity sysiem in the World.

Since the early fifties the writer has been employed within
the industry. During this period the standard size of generating
units has risen from 30 MW to 660 MW, with attendant benefits of
economies of scale. Thermal efficiencies have risen from an
average of 21% to 31.5%, with the most efficient 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 five years the generating plant of the
electricity supply indusitry of England and Wales has developed
from a state of being mamally operated and locally controlled to
central automatic control and operation and in some cases 1o
computer controlled operation.

Following early commissicning problems with the 500 MW and
660 MW generating units, the"availabilitied'of these units have
risen appreciably. In 1975 the 47 units of these ocutputs
installed in 13 (7.7%) power stations produced 43.8% of the
electricity generated by the C.E.G.B.. The length of time taken
to achieve a satisfactory"availability' for this size of generating
unit i1s generally in excess of five years and follows similar
experiences of the American Industry.

In 1964, as a condition for an anmal wage rise, government
policy required a work measurement exercise to be introduced ,
for the industrial staff. By the early seventies the majority of

industrial staff had been integrated onto a pay and productivity




scheme and manming levels had fallen in the United Kingdom
industry during the late sixties and early seventies by
approximately 51,000 or 35.8%. During the early seventies
administrative staff were subject to a clerical 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 evaluation exercise is being formulated at the time of
writing, by the Boards and the Electrical Power Engineers!'
Association, the tinion representing the technical and scientific
staffs.

When research for this project was commenced, in late 1973,
there appeared to be virtually no international compaéisons or
national comparisons, of performance of the electricity 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 firing, proportions of hydro
power between countries, were quoted as factors which made a true
comparison difficult, The recently published Plowden Committee
of Inquiry Report quoted comparisons of thermal efficiencies in a
manner gimilar to that of the international comparison mentioned
above. The Report also stated that although the Electricity
Council and C.E.G.B. prepared memoranda summarising 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 their performance.




In addition to involvement in operation and commissioning
of generating plant, the writer had been instrumental in preparing
and implementing the Pay and Productivity Scheme at a major power
station. An interest in manpower productivity and industrial
performance stimulated the writer to investigate manpower productivity
methods of assessing the performance of electricity supply industries.

Several variables were considered in assessing thermal
efficiency and manpower levels. Typical of these variables were age
of plant, thermal efficiency, utilisation, generating unit size and
gtation capacity.

In considering these variables it 1s necessary to find 4
relationships and effects of them on manpower levels and thermal
efficiency. There is a degree of inter-relationship between for
example utilisation and thermal efficiency. It is a policy of the
C.E.G.B. that generating plant is loaded preferentially on a cost
basis. The cost of generation 1s closely allied to thermal
efficiency, fuel cost etc.-Therefore it is clear that plant with
higher thermal efficiency will have a higher utilisation. However,
high utilisation demands a high maintenance commitment, and the
consistent achievement of a2 high thermal efficiency similarly
demands a high maintenance commitment. This sifuation is also
affected by another variable, the age of the plant. Age has an

affect on thermal efficiency and mamning levels. In addition to

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

ages the effects of erosion, vibration and corrosion require an
mnmereasing maintenance commitment to achieve high thermal efficiency

and utilisation levels.




By teking into account the effects of variables, comparisons
of actnal and calculated thermal efficiency and manpower levels
can indicate the relative productivity of one indusiry or
management unit compared with another. This project assesses
methods of comparing the relative productivaity of electricity
supply undertakings, whether nationally or internationally. In
conjunction with absolute productivity, in terms of, for example,
added value per employee, the relative productivity values could
be used to measure the performance of each industry.

When relationships and effects of the variables on manpower
or other resource levels have been found, then by fixing values
to the variables, forecasts of manning and resource re&uirements
can be made. Fixing values to these variables based on forecasts

for the future, by simulation of predicted values,resource

requirements can be assessed for the period being considered.

Forecasting resource requirements for electricity supply industries

can be carried out by simulating the future patterns and values
of variables in mathematical models for working out by digital
conputers. The opportunity to study the application of digital
computers, using mathematical models, as an aid to management
decision making and conirol, was another aspect on which the

writer desired to gain experience.
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2.

PLANNING AND FORECASTING IN ELECTRICITY DEMAND AND SUPPLY

An i1ndication of the present extent of planning and forecasting
in electricity supply is given by the wide range of titles in the
References Section. It will be chserved that at the macro level
papers have been published by several countries, whereas very 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

forecasting,and for plamning the whole of energy economics, are used

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

Sweden, Australia, Austria, U.S.A., U.S5.8.R., Poland, Czechoslovakia
etc.. These models are based on growth trends in the economy,
investment, population, productivity, industrialisation and
urbanisation. Other factors are taken into account, such as market
gshare of various forms of energy and particular needs of the major
final consumers e.g. steel, éluminium, transport etc..

As Wood ( 2 ) points out, use may be made of economy based
techniques demonstrating logical relationships between economie
factors in the business enviromment and energy requirements. They
are bazed on 1nput/butput models which are national or regional
forecasts of industry by industry requirements (input) to produce
goods or services {output). The corporate model concept places the
emphasis on planning for future growth and operation 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 simultaneously inter;;ting. Each model mncludes
considerations of expected volumes of business, corporate, revenues,

productior-costs and operating expenses. Forecasts or models are
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made on the needs and expenditure to provide increased facilities .
to meet the expecied product demand.

A Dblock diagram of what Wood ( 2 ) 11llustrates to be a
typical United States utility corporate model is shown in Fig. 1.
This form of model is a collection of the major sub-system models.
Ag an example, due ‘to the high degree of investment in plant, the
plant requirements sector of the model include considerations of
plant growth, plant shut downs, depreciation and construction. The
financial model sector incorporates considerations of financial
plamning, 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 specific problem areas.

!

[ PROCESS INPUT DATA l
\4 w n/
I REVENUES ]

b 4
l PLANT REQUIREMENTS |

.
i OPERATING EXPENSES |

e 4
[ FINANCIAL MODEL |

| REFORT FREPARATION AND OUTPUT |

. 4
| MODEL GONTROL |
CONTROL
RARNINGS CONTROL
— v RETURN RATE
ADVANCE [ sToP ]
TTME PERIOD

Pig. 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 financial aspects, in some

cages the models exclude production costing and models of future

construction,

Rydbeck and Figley (10 ) show that models are used for
planning and analysis of the economic and financial effects of
alternative physical expansion plans and for studying the effects of
possible changes in the technical or business environment in which the
utility operates., In some cases the models help sindies of the effects
of optimisation procedures. In other cases they allow analysis 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 objectives
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
macro-level being economic., One American Electricity supply utility
uses measures based on the expected present value of the revemes
required to suppért a given plan, and the anrmal net income (or net
revenue) pattern resulting from the selection of a given plan. The
first measure being economic, the second financial.

Wood ( 2 ) informs us that a fundamental part of the overall
plamming problem is the multiplicity of value functions. By using
them the corporate model offers in the case of a utility, the chance
to analyse and forecast both revenuve requirements and the effects on
net income of various ;ﬁoices.

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

T
flows associated with its operation, see Fig. 2, the revenue required

e




from the utility customers is shown at one end of the pipeline and
]

the disposition of these funds at the other.

NEW
FINANCING

.

INTEREST —%

TAXES ~—>

LTGHT 0 & M EXPENSE ——Pp

AND l DIVIDENDS —
NET

REVENUES ~—3 ] TFOWER

INCGOME DEFRECIATION
COMPANY —-—g—— ;
»

RETAINED '
EARNINGS \
RECEIPIS
TAXES CONSTRUCTION

EX PENDITURES

Fig. 2 = Cash Flow for an Flectric 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 revermes for a set of plans
on the basis of holding a given pattern of net income or percentage
return on net investment. It offers the flexibility to incorporate
congideration of new measures i1f they develop and treats the econcmic
and financial aspects together.

Wood ( 2 ) also shows another example of a corporate plamming
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.

-8 -




(1)

» READ INPUT

!

CALCULATE:  REVENUES
EXPENSES
TAXES
INCOME
FINANCIAL — FLANS
CASH FLOW
BALANCE SHEET

FIRST CASE .

O YES

¥

FERFORM RATE REGULATION

& v

OUFUT: INCOME STATEMENT
CASH REFORT
BALANCE SHEET

YES {MOR& YEARS?)

No
(A)= YES (MORE CASES?)
N0

FOR SELECTED ITENS:

DETERMINE DIFFERENCES FROM

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

v

STOP

Fig.\j - U.S. Utility Corporate Model Programme ( 2 )




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

or it may be used to find the revemmes required for a particular plan
with the financial performance of the utility being used as a constraint.
When financial value measures are being examined the programme uses the
same revenue pattern for all alternatives. Alternatively, when revenue
requirements are being evaluated the financial constraint will be used

in alternatives. The final output is a sequence of year by year
comparisons of income for each alternative, plus a final, present wvalue
comparative amalysis of' the income statement., This model has potential
for use in studying corporate policies and in system planning evaluations.
One generation plamming problem covers the meri%s, economic and financial,.
of the retirement of older generating plant. Another example of the use
of such a model ig to examine the effect of adopting a policy of self-
financing of capital expenditure from income. The actuﬁl question is
what will be the effect on revermues if the utility changes from financing

construction expenditure by loans,to a policy where say half the future
capital requirements for consiruction are financed from revenue.

Other utilities uged 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 legislation.

Common to many national eleciricity supply indusiries (see references)
are models for finding the optimum allocations of generating plant,
nationwide, to achieve the maximum overall economy of supply. The basic
approach 1s to forecast, for various future periods, the evolution of

the optimum structure of electricity generating plant and its

distribution in the main national regions. TFrom these forecasts
investment programmes are compiled, including the divisions of energy

sources for generation; hydro, coal, 0il and nuclear. In itself the

- 10 -




field of energy resource allocation and fuel mix is an extremely
important aspect of plamming. It appears that many countries have
strategic models aimed at optimising energy resources. At macro
level 1t has been shown{ 2 ) that econometric forecasting and
prediction 1s widely practised, and documented. The implications

of industry wide plans result in plamming and decision making at
lower levels to ensure thal resources such as new generating plant,
materials, fuel and manpower are available to dovetail into the
overall plan. To highlight one aspect, the ocutput of generating units
has to be forecast for the foreseeable future.

Depending on the gize of units will be the number of new sites
required to meet a particular electricity demand.Booth and’ Dore (12) show
that generating it cepacity depends on technical considerations and
rredicted availabilities, which will be assessed by the manufacturers
of such plant. It may be tﬁat limitations can be overcome in other
ways, for example, the transportation limit of 200 tons may be overcome
by prefabrication, on site asseﬁbly or new ‘ransportation methods
e.g. air cushion vehicles.

Forecasting models described so far have been applied at the
national or indusiry level, to optimise output of electricity by
considering how factors will affect demand and costs over the medium
and long terms.

Within 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 optimising 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 which produces
the cheapest electricity heads the table, the next cheapest following
and so on, hence the title Order of Merit.

Predictions are very much for the short term. The computer runs
are carried out approximately four weeks before the new generating
plant order of merit tables come into force and are for one month's
duration. An Order of Merit Table then details the costs of heat
and fuel and electric:ity produced by each individual generating unit
in part of a Region, similar tables are pro&uced nationally.

Four programmes from the suite find the cheapest combination of
power station plant and fuel supply to meet the demand for electricity

are shown in Fig. 4.

INPUT OUTFUT

Station Details =

A\ P1

Generator Details

Plant Availability Details

Demands

\ ———(eneration Load Pattern
e Station Unit Allocation

System Configuration

S

Running Spare Commitment

O0ff Load Heat Requiremew >

Fuel Stocking Policy Fuel Requirements & Costs
AW .

Fuel Details P3 Fuel Scarcity Values

Transport and Handling Costs-/ / Transport Utilisation

Transport and Quality Total Inclusive Heat Cost
Congtraints

System Marginal Costs
P
4 ~Porder of Merit

Pig. 4 - System Marginal Cost Suite
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The derivation of the system marginal costs of heat for
each station requires a number of iterations around the cycle

of calculations as seen in Fig. 5.

P Commencing with Repeat, Replacing
any Merit Order Station Heat Costs
with Newly Calculated
;(////Flgures A
P2 Carry out System Simulation
to Determine Unit Allocation
and Heat Requirements
P Find Minimum Cost Fuel
Allocation to Satisfy these
Heat Requirements, together with
Associated System Marginal Cost
Jk”f’/”pf Heat on a Station Basis
P4
Revised Merit
Order

Fig. 5 - ILterative Process

As the number of iterations increases, the solution converges
towards the minimum overall cost solution. The product of the station
heat costs, when multiplied 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 electricity supply

—~——

industry forecasting energy demands and the cheapest way of meeting
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them is achieved using computers and models. This forecasting is
done throughout the time spectrum, from the following month, to the
next five years. No publications or other written documentation has
manifested i1tself showing the use of statistical analysis based
mathematical models which can he used to forecast resource
requirements for the future within the electricity supply industry,
at regional level for example. It is also apparent that mathematical
methods for comparing the resource requirements of countries, régions
or power stations taking into account the many variables which can
have a bearing on the comparison, have not been pursued.

In one case,(l? } an international comparison of thermal
efficiencies of various European Couniries, 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 publications, 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 productivity within the
industry, or allow accurate comparisons of elecitricity supply industries
productivié& 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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PRODUCTIVITY IN ELECTRICITY GENERATION AND SUPPLY

In recent years several studies have been made of the
productivitiy of the U.X. electricity supply industry anmd
mmternational comparisons made.

One such study by Pryke ( 1 )} used sales per man-hour as the
measure of productivity and compared the record of the U.K. indusiry
with those of six other western industrialised nations. In the
study Pryke used the amnual percentage %ncrease in sales of
electricity per man-hour, over the period 1958 — 1968, as a basis
for his comparison of productivity. A gynopsis of the results of
this study for electricity supply is shown at Appendix 2,
Productivity calculations, which take into account the use of
capital, confirmed the picture which emerges from the comparisons
of growth of output per man-hour.

More recently a "Repori by the Group of.Experts on the Overall

Productivity of the Electricity Supply Industry™ (17 ) commenced

with a discussion of different methods for studying productivity in
the electricity supply industry. The selected method, the -
overall productivity method (i.e. output in relation to input) —
was aimed at following the productiviiy development, within an
undertaking, over a sequence of years an& 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 being expressed  1n financial terms. Both can
describe the performance of the undertaking in a particular year

i a relative way by means of the ratio between output and input,
and also the productivity growth from one year to the next by

comparing the two consecutive ratios.

—




The "added value method" defines the results attained
1.e. the output, as the difference between sales revenue of the
uti1lity and the cost of fuel and raw materials used to bring
about the production. The difference gives the value vhich has
been added to the raw materials.

The "overall productivity method"™ defines the results, ox
output, as the sales reverme without any deductions and similarly
defines the use of resources, or input, as the sum total of all
anmal costs (raw materials, fuel, labour, capital cosis, etc.).

The main reasons for the selection of the "overall
productivity method" was that one participant had alrea?y 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 which was emphasised was that productivity
calculations mst be based on a rmumber of technical and econonmic
assumptions e.g. life span of equipment, and 1f 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 eleciricity 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 in the calculations.

Iulo { 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
quantification of relationships should help explain the differences

that exist among individual electric utilities with respect to unit
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cost. Another observation mede by Iulo was waith regerd to
grouping of electric utilities for performance evaluation. The
group would be based on a limited geographical area, with similar
size grouping and having similar market composition. Iulo used
statistical as opposed to subjective techniques, his explanation
being that in this way personal evaluation was minimised.
Multiple regression analysis was chosen by him to establish the
average relationships that existed between factors, both
individually 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 Inlo's study deals with the derivation
and reasoning behind each of the factors investigated and with
the development of measures to reflect these factors. Factors
included electricity produced, size of producing unit, cost of
construction and level of technology. Iulo included eleven
operating factors to detéermine their relationship to unit
electricity costs. Of these, only three factors were demonstrated
to have a significant relationship to unit costs of electro
utilities, namely Utilisation, Fuel costs (Steam) and Hydro fuel
costis.

Market and historical characteristics were also studied and
the final factors found to be significant were the three operating
factors mentioned plus size of steam — electric generating plant,
the consumption of electriciiy per residential customer, per
commercial and industrial customer and the distribution among
consuner classifications.

In his study of productivity measures and performance evaluation
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of public utilities, Dodge (9) employed the rate of

change in total factor productivity as a measure or productivaty.
To some extent Dodge had added to Iulo's work although he
emphasised the long run and assumed far fewer constraints on
managements ability to influence resulis than what he considered
to be Iulo's short term emphasis.

Wald (21) in explaining why performance should be measured
makes the point that a person may be able to develop performance
targets which quantify optimum achievement, refleciing the full
potential of the existing electric power technology. However,
th s is a different order of difficulty from one whic@ iz limited °
to intér-industry comparisons based on company reports.

Statistics in a firms files do not indicate the maximm attainable
levels of performance but the actual levels achieved each year by
the company producing the report. Wald points out the difficulties
when carrying out statistical analysis of factors in that data of
different utilities does'not achieve precise comparability. The
important result of statistical analysis is the signalling of
possible out-of-line performance to stimulate detairled analysis,
which he contends can be done by persons who are familar with the
company's operations. When considering utility costs, Wald
identifies the amount of money being spent on environmental
protection which alters the siructure of mobility costs. Wald also
identified a need for utilitiesto launch a series of studies of
the most effective means of combining high level analytical talent
with the computers capability to process data and solve previously

unmanageable computational problems'related to the analysis

of performance statistics.




Barzel ( 3 ) in measuring productivity in the electric
power industry examines the appropriateness of the output-per~
unit—~of-input technique as a measure of productivity change.

He starts by saying that this measure is not very appropriate
because ‘there 1s a large bias in estimating productivity change.
However the sources of bias are known and thelr size can be estimated,
go that the productivity measure is corrected accordingly.

Barzel considers that after corrections have been made, the
output-per—-unit-of—input measure is superior to the most common
alternative, a production function with time trend approach.

In his development of methods for measuring the efficiency -
in the electric supply industry, Pace ( 5 ) set out to evaluate
the relative efficiency of each firm in a sample of 113 utilities.
His approach was to develop a multiple regression model for
estimating unit electric costs in two five year periods. A
comparison of actual and predicted costs would evaluate relative
efficiency. Although Iulo (6 j used a similar method it
differed from the Pace method in the cost concept and statistical
estimating techniques employed.

Pace points out that before effective performance —
orientated regulation can be introduced by a utility there must
be the ability to medsure relative efficiency. When seemingly
inefficient utilites are called upon to explain divergencies he
malntains that a combination of public suspicion regarding quality
of performance of the efficiency problem would result in an
improvement in efficiency.

Smith ( 4 ) measures performance variables to examine whether

costs are significantly higher or lower than predicted. 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 getting the correctly defined variables.
Publications, regarding pitfalls of statistical analysais
by Black (7) and of making comparisions of electric utibities by
the Edison Electric Institute { 8 ), highlight the problems of
comparing like with like. Selection of variables, their definitions
and units of measurement vary widely utility to utilaty.
Streissler (12) also emphasises the problems of ensuring that
selected variables have similar definitions .when maklng,comparisogs.
Mention should be made of an International comparison of
Thermal Efficiencies (ll) which was carried out for several
countries. Thermal efficiency is used throughout the electricity
supply industry as a ratio of output/input-in heat terms. The
output is the heat equivalent of the electricity supplied to the
system, the input being_the heat value of the fuel uszed to
achieve the electrical output, it is therefore a measure of
productivity. Throughout this study the point was made that
agsessing like with like was extremely difficult. Variables
which affected thermal efficiency, such as age of generating
plant, type of firing or proportion of hydro generation, all
affect thermal efficiency to a differing extent and the study
merely pointed out the difficulties of assessing the affect of
these variables, without endeavouring to find correlations.
Mention was made in the Introduction to the Report of the
Plowden Committee of Imquiry (13) which also commented on the
difficulty in making comparisons, although there was a need for

them.

T
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When setiing out to consider manpower productivity, similar
variables have effects on the number of staff required and these
effects have to he quantified so that an accurate basis for
comparison 18 achieved. The selection of variables and method
used for quantifying their effect on manning levels is dealt
with in 6.2.

Between the years 1967 and 1975 the industrial staff levels
in the U.X. electricity supply industry have been reduced
appreciably.

The industrial labour force has been reduced by nearly
51,000 (19), being accomplished mainly by natural wastage, control -
of recruitment and voluntary severence schemes. Reduction in the
number of industrial staff has been achieved under a Pay and
Productivity Agreement based on work measurement. Admimistrative
staff had also been subject to clerical work 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 Electricltj Supply Industry was

created by The Electricity Act of 1957 (13 ) which came into force

on lst January 1958.

This structure comprises the Electricity Council, in which both

the generating and distributing sides of the 1industry can resolve

their common problems under independant guidance. Together with the

Fleciricity Council the industry consists of the Central Electricity

Generating Board and twelve Area Boards . An organisation chart is

shovm in Appendix 3.

4.1

Electricity Council

The Eiectriclty Council acts as a.forum.( 13) 1n whichy under
its independent guidance,both the generating and distiributing
sides of the 1£dustry resolve common problems.

Membership of the Council at present comprises the
Chairman, two Deputy Chairmen, one of whom serves part-—time,
and fifteen members: The fifteen members consist of the

Chairman 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 financial performance or efficiency of
the industry. Its functions are "to advise the Secretary of
State on questions affecting the electricity supply indusiry
and matters relating thereto" and'%; promote and assist the
maintenance and development of the Electricity Boards in
Ergland and Wales of an efficient, co—ordinated and

economical system of electricity supply". .
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4.2

4.3

Specifically its statutory duties include responsibility
for establishing and maintaining machinery for negotiating
wages and conditions of employment, employee consultation,
setting a general programme of research for the industry,
borrowing on behalf of the Boards and preparation of accounts

and anmial reports.

Area Boards

The twelve Area Boards are directly responsible to the
Secretary of State and through him to Farliament,they are
the retailers of electricity fto consumers, boih domestic and
industrial. They also sell and repair domestic appliances,
provide electricity supplies and run electrical contracting
business. '

Fach Board comprises a Chairman, a minimum of five
members and a maximum of seven members, all appointed by the
Seeretary of State.

Area Boards are entitled to install generating plant to
keep local system security, although only the South Western
Electricity Board has any of its own generating plant at
present.

The Central Electricity Generating 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 pringiple duty of the C.E.G.B. is to develop and
maintain an efficient, co-ordinated and economical supply
of electricity in bulk for England and Wales.

The C.E.(G.B. generates and exchanges bulk supplies of
electricity and transmits 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 Electricité de France and supplies certain
large consumers direct, such as the United Kingdom Atomic
Energy Authority and British Rail.

The Board, in consultation with the Electricity Council,
formrmlates and publishes a Bulk Supply Tariff which governs
the price which the Area Boards pay for their supplies of
electricity.

At 31st March 1975 the C.E.G,B. had asseis of £3,428m
vhich was 58% of the industry's total (18 )., I$ employed
66,099 people, 38% of the industry's staff and in the
financial year 1974-75 was responsible for 82% of the
jndustry's total costs on reveme account.

Under the existing organisation the C.E.G.B. comprises
a Chairman, Deputy Chairman, three full-~time and three

, part—~time members and a secre'ha.ry/ solicitor.

(?n the next tier below the C.E.G.B. are the five
generating Regions, which arej North Eastern, North Western,
Midlands, South Western and South Eastern. Each Region is
responsible for the generation amd bulk 275kV and 400kV
transpission systems.

Also at this level of the C.E.G.B. organisation are
the specialist divisions which cover the following; Generation
Development and Consiruction, 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 transmissionof eleciricity is carried
out by the five Regional organisatiors,each operating its own

power statioms and controlling the parts of the main

transmission supply system which fall within its boundaries.
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+ 4.4

4.5

4.6

Regional organisations also include services such as
fuel supplies, research, planning, efficiency, operation and
maintenance.

The power stations of the C.E.G.B. vary widely in their
installed capacity,methods of firing boilers, age of their
plants, and in their plant layouts. Each Region has a
proportion of all types of stafion,

Each power station is staffed in similar patterns, each
has industrial staff for operations and maintenance. There
are technical staff for operations and maintenance, and for
specialist services, such as efficiency, development and

chemistry, and there are a mumber of adminisirative staff.

Scotland

Scotland is served by two Boards, the South of Scotland
Blectricity Board and the North of Scotland Hydro-Electric
Board.

The two Boards operate their generating plant jointly
and 23% of their installed capacity is in hydro-electric
stations, compared with less than 1% for the C.E.G.B..

Northern Ireland

The Northern Ireland Electricity Service completes the

power industry of the United Kingdom.

General

4.6.1 The South of Scotland Electricity Board is unique
in that it combines the functions of generation,
transmission and sales to the consumer.

4.6.2 The North of Scotland Hyd?oéElectric Board and the
Northern Ireland Electricity Service, both operate
in geographical conditions considerably different

from those in England and Wales. They are small
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4.6.3

4.6.4

undertakings, each serving between 2.2% and 2.3%
of U.K. consumers, their territories are rural
with consumers scattered thinly over them.

This project will consider aspects of
productivity and forecasting in electricity
generation and supply, and specifically in the
United Kingdom industry concerns the C.E.G.B.
and subocrdinate organisations.

At the time of writing the report of the
Plowden Committee of Inquiry has been published.
This Committee was set up by the Secretary of
State for Bnergy, its terms of.reference wered—

"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 Committee has been sent to
the Minister for his consideration and therefore is
st11l some time off implementation.

One major recommendation is that a central
controlling body be set up, to be named the Central
Electricity Board.

Invwhatever way the electricity industry is
reorganised at national level, it is unlikely that
manning levels at power station level will be affected

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

Basically staffing is divided into four sections; managerial,

technical, administrative and industrial, each section having its

conditions of employment agreed separately with the Electricity

Boards.

5.1

5.2

Managerial

This section comprises managerial and higher executive
staff, of whom there were 1695 in 1975 (19 ),

The National Joint Managerial Agreement specifies
conditions of employment in this Section, the signatory
Union being the Managerial Section of the Electrical Power
Engineers' Association. Under the existing agreement and
structure, i1n a power station  only the Manager is employed
under the National Joint Managerizal Agreement.

Technical and Scientific

The heading of technical staff includes engineering
and scientific staffs, all being employed to the conditions
of the National Joint Board for the Electricity Supply
Industry. The signatory Union for this section is the
Electrical Power Engineers' Association\

In 1975 there were 26,421 technical, enéineering and
scientific staff employed in the electricity supply industry(l9).
In recent years,due to the increasing sophistication of
generating plant and transmission equipment, there have
been technical problems of increasing complexity and as a
result the mumbers of employees, within this section, have
increased., However, 1t is expected that, as older power
stations are closed dowm, resulting from the large surplus
of generating plant, the number of these employees will

stabilise,
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5.4

Staff withan this Section have agreed, in principle,
to a Job Evaluation Exercise being carried out in the near
future. In the long term this may result in a reduction
of the ratio of technical staff to eleciricity generated.

Adminmistrative and Clerical Staff

Staff employed on administrative and clerical duties
within the industry, work under the National Joint Council

Agreement for the Blectricity Supply Industry. A4s the

name implies, these staff carry out admimistrative and

clerical duties, and include storekeepers, mirsing staff
and area board sales staff.

The N.J.C. Agreement is between the Electricity Council ’
on one side and the following siénatory Unions; National and
Local Government Officers, Clerical and Administrative
Workers' Union, National Union of General and Municipal
Workers' and the Transport and General Workers! Union.

About three quarters of the indusiry's clerical staff
are already covered by work measurement techniques which
have been applied since 1972. The industry employs 47,798 staff
within this section (19 ).

Industrial Staff

Industrial staff comprise crafismen, production workers
and all manual workers, their conditions of employment are
negotiated under the National Joint Industrial Council of
the Electricity Supply Industry. The signatory unions to
this Agreement are: The Awalgamated Union of Engineering
and Foundry Workers, The Plumbing Trades Union, The Electrical,
Electronic and Telecommunications Union, The General and
Municipal Workers' Union and The Transport and General Workers?

Union.
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Since 1967 the industrial staff have participated in

a Pay and Productivity Scheme, which was based on work

measurement and bonus incentives.

Nationally, the majority

of industrial staff are paid abomnns under this Scheme and

the numbers of industrial staff employed is steady.

By the end of March 1975 there were 91,048 industrial

ataff 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 voluntary severence, under the

provisions of the selective payments scheme for industrial

staff.

The manning position for the electricity supply industry

1

with effect 31lst March 1975 (19 Jwas as follows:—

Number % :il Total % of
Section Employed Emgloye 3 Number Total
by CEGB by CEGB Employed | Employed
Managerial and Higher
Executive 798 1.2 1,695 0.98
Technical, Engineering
and Scientific 14,913 22.1 26,4211 15.32
Administrative, Clerical
ol Soles 8,170 12.4 47,7981  27.71
Industrial 39,904 60.3 91,048 52.79
Technical Trainees and
Totals: 66,099 100.0 172,483] 100,0

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

on 3lst March 1975

- 29 -




6. FACTORS WHICH AFFECT POWER STATION MANNING




6.

FACTORS WHICH AFFECT POWER STATION MANNING

i

6.1

Power Station Plant — General

Alternating current electri&ity is generated in an
alternator, in which a rotating magnetic field induces
electricity in static windings, from where comnections
carry the electricity to the grid system. Generally a
steam furbine drives the alternator rotor, the steam being
raised and superheated in boilers, Boilers may be fired
by o0il, coal on chain grates, pulverised coal, or by
nuclear fission in a reactor. In some countries e.g. Bire,
peat is wused to fuel boilers. .

The C.E.G.B. has a proportion of Gas Turbine Generators
installed for peak fopping and emergency uses. Gas Turbines
in this case act as gas generators, the gases being used to
draive a power turbine whach in turn drives the alternator
rotor. These sets are usually fully automatic and are
generally incorporated into power stations which have
conventional steam turbines as the main plant.

Older power stations were built on a range systenm,
whereby a number of boilers supplied steam to a common
intercomnected pipeline, from which iturbo-alternators were
fed the steam. Generally there were more boilers than turbo-—
alternators, which allowed maintenance and insurance surveys
1o be carried out on a boiler whilst there was sufficient
boiler capacity avairlable to maintain full electrical ocutput.
The next stage was to have an equal rumber of boilers and

turbo—alternators, but an interconnected steam main was

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

mains.
T



Since the mid-nineteen fifties the common policy
within the United Kingdom supply industry has been to have
one boiler supplying one turbo-alternator, which is called a
generating unit, with no intercomnection to other wnits.
Although there was a reduction in flexibility the division
was an economic one due to the very high cost of alloy steel
piping and valves required to interconnect units, to cater
for the increasing sieam temperature and pressure conditions.

Manning patterns on the operational side also changed.
With separate intercomnected boilers 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 six turbo-alternators there will be a
minimun staffing level of twelve stokers and three turbine
drivers, to operate the generating plant, on each shift.

A modern generating unit will be controlled centrally
by one unit operator and one assistant unit operator, although
in some cases there will only be one assistant unit operator
between two units. Most recent generating units are operated
and controlled by one man, with all auxiliary plant, such as
valves, dampers, pumps and fans, being operated by centrally’
controlled sequence operated controls. As a result of increased
automatic remote contrel and the increasing unit output the
productivity of operations staff has risen considerably. The
economy of scale means that the same number of men are required
to operate one 60MW Unit as there are for one S00MW Unit.

Maintenance staff are divided into mechanical, electrical
and instrument depariments and within a power station there

are also coal and ash plant operators and a warying rmmber of




storekeepers, gatekeepers, chemical samplers and coal
samplers. In addition to operations and maintenance roles,
technical staff are employed for specialist duties such as
efficiency, chemistry, plamning and development.

The type of firing has a significant effect on manpower
levels. Coal firing requires more men than o1l firing, due
to the additional maintenance required, resulting from the
abrasive 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 ratetto the mills,
the mills themselves and fans to blow ‘the pf 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 stations carry fewer indus£r1a1 staff, although
due to technical sophistication and the more stringent
monitoring of safety standards of plant and persormel, more
technical and scientific staff are required than in fossil
fuelled stations.

Hydro stations require a small mannming level compared
with all the other types mentioned previcusly. By the
nature of the fluid driving force, remotely operated valves
and conirols and simplicity of the plant, fewer people are

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

The Factors which affect power station mamning are defined

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

affect on the manning level.

6.2-1

6.2.2

Installed Capacaty

The installed capacity of a power station is
expressed as the total number of megawatts(MW) the
station generators will produce, for supply to the
transmission system.

This is a rated, as des:igned, installed capacity,
for example’ 1f the total generating capacity of a
station is 2100 MW, the assumption may be made that ~
117 MW will be consumed by the auxiliary plant of
the station. Therefore, in this example the
installed capacity for supply to the grid system,
18 1983 MW,

The point to be stressed 1s that 1983 MW is the
rated output, becanse in practice 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 var:iation in installed capacities,
from say 20 MW at the bottom end, to 1983 MW at the
top end. Generally a small station will require fewer
persommel to operate and maintain it than a large
power station, but not necessarily proportionately.

Age of Generating Plant

As generating plant gets older the accumulative
effects of thermal and mechanical stress reversals,

abrasion, erosion and corrosion demand an
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6.2.3

increasing repair and maintenance commitment.

Throughout the indusiry, planned preventative
maintenance systems are in use, which aim at
refurbishing or replacing components which have
otherwise a limited life,before they fail in service
and cause a reduction in availability or efficiency.
This system optimises the frequency of maintaining
a component against the cost of its failure whilst
in service.

However, preventative maintenance has a limited
range and as the years pass by components which
have eroded over a long period, such as gas ductings,
pipework or boiler refractories, need patching or
replacing. There is, therefore, a greater need for
repair and maintenance for older plant,
in order to achieve consistent availabilities and
efficiency.

Number of Generating Units

As described in Section 2.3.1, the number of
operating staff is determined by  the number of
boilers, turbo-alternators and generating units.
Maintenance staffing will also vary with the numbers
of generating units, boilers and turbines, there
being proportionally more men for more plant itenms,
even when the capacity of the generating plant is
low. This is because there are more plant components
with multiples of even small output boilers and
turbo-alternators than with fewer larger generating

units.
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6.2.4

Type of Firine

In Section 2.3.1 brief mention was made of
the effect of different boiler fuels on manpower
requirements. Included under this heading are oil
firing, ceal firing, pulverised fuel firing (pf),
nuclear reaction 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 .
fired or nuclear. ‘

0il fired stations are mammed by appreciably
fewer personmnel than pulverised fuel fpr pf) stations.
For example, an oil fired station having the same
number of generating units, of similar age and
output.as a pulverised fuel station, could have a
staff of 386 compared with 630 for the pf station.

Coal fired stations employ fewer staff than
pf stations, although a direct comparisoen is not
quite so clear, All post 1955 fossil flred boiler
plant built for the C.E.G.B. has been oil or pf
fired. Chain grate coal fired boilers are only
built to a maximum output of about 550,000 1b .
steam per hour which is egquivalent to an electrical
output of 60MW. Pf and oil fired boilers produce
steam for all sizes of boilers up to the existing

66MH Unit boilers.
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6.2.5

The reasons why more staff are required for pf
stations than coal stations i1s that extra plant is
required to feed raw coal to mills, to mill it to
powder and to blow the powdered coal into the boiler.
By the nature of the coal, this extra plant 1s
subjected to abrasion and hence a high wear rate.
Addationally the ash dust from pf boilers needs
handling. Approximately 20% of all ash make falls
to the bottom of the boiler from where men sluice it
to ash disposal plants, the 80% remaining passes in
the flue gases to electrostatic precipitators where .
99.3% of dust i1s removed from the gases before they
pass via the chimmey to the atmosphere.

In comparison coal on chain grates requires

very little handling and the majority of ash make

falls after quenching onto conveyors, which carry the
ash to the disposal plant. Only a small proportion
of the ash passes as dust to the chimney and hence to
the atmosphere. Pf 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 mamming levels are hydro, oil,
miclear, coal and pf stations,

Thermal Efficiency

The thermal efficiency of a power station is the
ratio of the heal output: heat input, expressed as a

|
percentage.
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Heat output is the heat equivalent of the
electricity actually supplied to the grid system,
the heat input 1s the heat equivalent of the fuel
consumed to produce the electricity 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 theif general aim of reducing .
generating costs. When, for example, alstation
burns one million tons of coal each year, costing
£15 per ton a 1%(i.e.0.3% on 30%) improvement in
thermal efficiency will result in a saving of £150,000.

The achieving of the optimum rated thermal
efficiency .for a power station requires a large
manpower commitment,

In each boiler all heat exchange surfaces need
to be clean, socotblowers must have a high availability,
air heaters clean, dampers must seal when shut, fuel
mist be burned efficiently ete. 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 commitment
of manual effort. Power station managements find
that in many cases the utilisation of manpower to
achieve higher plant availability demands the greatest

allocation.
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6.2.6

Thermal efficiencies vary from a figure of
35.5% for a 500 MW Unit to less than 20.0% for
very small old generating plant.
Utilisation

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 pouer generation plant.
Therefore utilisation was considered an important
factor to take inito account for this project.

There is an inter—relationship also between
utilisation and thermal efficiency. As mentioned
in the introduction the power station generating
units are loaded according to a merit order position,
which is based on the cheapest and most efficient
units being put on load and loaded higher than less
efficient plant. If, therefore, the national demand
is low a station with a high unit cost of production,
which is generally carrelated 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 previous
example, will be called on to generate more and hence
have a higher utilisation.

It will be appreciated that 1f a commitment is
made to increase thermal efficiency and reduce

generating cost, the resultant increased utilisation

will demand more manpower 1o keep the utilisation higher

than was needed previously.
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6.2.7

6.2.8

6.2.9

Utilisation 1s expressed as a percentage of
the units actually generated over a period, divided
by the maximum mumber of units which could have been
generaterd. during the same period.

Power Generated

Closely allied 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 utilisation, it has been included
as a variable.

The unit of power generated is kWhr and as the
figures are high the variables used in this project
are expressed i1n TWhr which is 106 x kWhr.

Generating Unit Capacity (Average Unit Size)

The size of a generating unit has an important
bearing on manning levels, the economies of scale
result in manpower requirements being much less
than pro-rota output for output. We have mentioned
earbier that the same rumber 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 requirement
1s however, far less than the proportiomal difference
in size would suggest.

The average unit size for a given power station
is used as a variable and is expressed in Megawatts (MW).
General

Having identified the variables which will be

used in the project for assessing manpower 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.

Fixed variables such as installed capacity, age
of plant, rmmber of units, type of fuel and average
set size are decided initially by panagement, but cannot
in general be changed later on a mamming level basis.

When the decisions are taken to design a power
station the variables mentioned above will be decided
cn technical and economical grounds. Mamming levels
do not affect the decisions, although when it is
decided what the physical arrangements of a power
station wi1ll be, the philosophy of conirol will be
up-to-date having evolved over the years. Plant
layout, particularly control arrangements, will be
designed to allow operation by the smallest number
of operators.

The Board also pursues policies based on texﬁechaﬂngy‘
in that good availability should be designed into the
generating plant before installation. The vhilosophy
of the Board is that defects, which, in the past, have
caused loss of availability will be designed out of
new plant. The power plant design organisation operates

to this philosophy.
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T. METHODS AND THEIR APPLICATIONS




7.1

METHODS AND THEIR APPLICATIONS

Data

The data comprises values of the technical factors and manpower
levels for each power station of the Central Electricity Generating
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 thirteen columns, one for each
variable, are kept together for each power station. A1l the power
stations of a region are listed together and are unnamed. The regions
are listed in order of their allotted number,

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

their column rumber are identified as follows:—

Column 1 — Installed Capacity:~is expressed as Md
10

Column 2 ~ Age of Stationi—the age of a power station is caleulated

by substracting 1926 from the year of completion.
The figure 1926 was selected as being the date of
completion 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 Units:— the number of turbo-alternators

installed in the power station.

Column 4 — Type of Firing:- each type of firing 1s allocated a unique

digit as follows:-—
1 — 011 fared
2 — Coal fired
3 — Pnlverised fuel (coal) fired

4 - Nuclear fission
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Column 5 - Thermal Efficiency:— specified as a percentage, being the

average thermal efficiency for the power station for
the preceding year. It is the thermal efficiency
with which fuel was converted into electricity
supplied 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 106 kWhr .7
100

Column 7 — Utilisation:— ammual utilisation expressed as a percentage,
where utilisation is defined as the ratio of units
actually supplied to the grid system, divided by .
the number of units which the plant couid have

supplied 1f run continmously, atcontinucus maximum

rating for the same period.

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

|
l
alternator in 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 inided between five operating Regional ‘
organisations. Managements of Regions may have
different policies regarding manpower levels and
patterns which have measurable effects, therefore the
operating region becomes a variable to be considered
in this project.
In the Table each Region is allotted a digit,
1, 2, 3, 4 and 5, the stations being listed in order
of the Regions in which they operate, i.e. all No. 1
Region'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

mumber of technical and scientific staff employed
in the power station. In order to achieve brevity
the staff in this section will be referred to as
technical staff.

Column 11 - Administrative Staff:— the number of adminisitrative 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, administrative

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

of columns 10, 11 and 12.

Manpower Ratios

In addition to considering these thirteen variables, two further
variables were included. These were 14, Ratio of technical staff to
total staff and 15, Ratio 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 whether high values would give commensurate higher
thermal efficiencies and utilisation. 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 efficiences. Conversely if low ratios had more
effect it would show that indusirial staff i.e. mamial workers and
tradesmeny were used more effectively and gave better performance.

Similar reasons were pertinent for including variable 15.




7.2

METHOD OF ASSESSING MANPOWER PRODUCTIVITY

In Section 6 the variables which are assumed to affect,
directly or indirectly, power station manning levels are
listed and the reason for selecting them explained.

Having decided on these variables it was necessary to
test whether the variables do actually have any significance
with regards to manning, or whether any relationship is
accidental.

On a logical basis, it would be reasonable to assume that
if more industrial staff are thought necessary to achieve
higher levels of utilisation and thermal efficiency, then an .
increase in administration staff will be necessary; 1o
administer the higher number of staff, to meet the higher pay
and productivity scheme work load etc..

Briefly, the method will be assessing the significance of any
relationship between the variables and manning levels, after
which the intensity of any such relationships will be
determined.

When relationships are wvalidated they will be expressed in
mathematic form by determination of equations connecting
variables, the data is used with corresponding values of the
variables under consideration from Table No.43.

The correlation, or degree of relationship, between the
variables was found by mltiple rather than by simple

regression, there being fifteen variables involved.




Least square regression curve fitting was used. The
disadvantages of using the least squares method where many
very large value samples have a greater influence than those
samples lower down, were mitigated by removing very small stations
from the data for calculation purposes (recently the C.E.G.B. -
has closed down these small obsolete power stations). This
ensures that "least squares’ is relevant as the curve fitting
method for this type of project. If the values of wvariables
had remained as stated above an alternative method would have
been advantageous.

In addition, stations were withdrawn which were not
representative of their size. Typical cases were new
uncommissioned power stalions which had not been staffed to
establishment levels, and new stations where particularly

onerous problems in commissioning were being encountered.

- - —

. [ e e

In the latter case, the very large temporary staffing levels i:
were untypical for established power stations and would be

reduced when the power station was fully commissioned. ,
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T.2.1.

Installed Capacity as Dependant Variable

Overall
2 =74
F=228,07 r° = 0.9647 (96.47%), Approx. P = 0.100 x 10
Individual Results
P
No. Approx,
of Variable ‘! Probability
Variable by pure chance
. -18
2 Age of Station 0.685 0.146 x 10
3 No. of Gen. Unmits 0.239 0.572 x 10-2
4 Type of firing 0. 390 0.154
5 Thermal Efficiency 0.735 0.108 x 10—22
6 Units Generated 0.877 | 0.351 x 1074
T Utilisation 0.733 0.125
8 Unit Capacity 0.933 0.944 x 10727
9 Region 0.297 0.531 x 1073
10 Technical Staff 0.713 0.896 x 1672
11 Administrative Staff 0.750 0.195 x 10722
12 Tndustrial Staff 0.696 0.180 x 10717
13 Total Staff 0.715 0.571 x 10~
14 Ratioc 10 3 13 0.010 0.111 x 10
15 Ratio 11 1 13 0.164 0.589 % 1071

Table No. 2 — Predicting Installed Capacity

The results show that nine of the variahles were highly

significant when predicting the installed capacity of a power

station, one variable was significant and two had no

significance, two were affected by auto-correlation.

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

be explained away and the approximate probability of these

results being by pure chance 1s extremely low.

T In predicting 1installed capacity, the two variables,

type of faring and utilisation had no significance.
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e .
That the type of firing has no significance indicated that

station capacities were decided 1rrespective of the type

of faring. The choice of fuel would be based on the

economics and avarlability of fuels, Nuclear stations vary
from medium size to very large mainly because even the
earliest C,E.G.B. nuclear stations are comparatively new,
their miclear reactors being matched to large capacity turbo -
alternators.

Utilisation of power statloﬁ plant depends on
functions of thermal efficiency, fuel and other generation
costs and plant availability. Poor early performance of
very large units and stations probably contribuied to the
lack of significance of utilisation in predicting installed
capacity. :

Units generated and unit capacity were affected by their
auntow~correlation wath installed capacity. This occurred
because for example when calculating units generated the
installed capacity is included in the calculation, i.e. units
generated = 1nstalled capacity x utilisation x time. Therefore
when predicting installed capacity, the dependant variable
occurred at each side of the regressien.

Thermal efficiency had the greatest significance in
this case. Installed capacities have increased over the
Yyears, generally as generating unit sizes have grown with
developments i1n materials and design. Larger sizes with
attendant higher steam conditions have improved thermal
efficiencies.

Similarly the age of the station was highly significant
in predicting installed capacity.

A1l classes of staffing were highly significant in
predicting installed capacity, their significances being

of a sxmlar order.
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This 1s understandable in that more plant requires more
technical:and industrial staff to operate and maintain
1t and in furn these allied increases required more
administrative staff.

The ratio of techmical staff: total staff had no
significance whereas the administrative staff: total

staff ratio had some significance.

- 48 -




T.2.2. Age of Station as Dependant Variable

Overall

F = 23.77, »° = 0.7398 (73.98%), Approx. P = 0.834 x 10727

Indivadual Results

KNo. Appiox.
of Variable ‘r! Probability
Variable by pure chance
1 Installed Capacity 0.685 0.146 x 10718
3 No. of Gen. Units 0.188 0.305 x 107
4 Type of firing 0.326 0.131 x 10_3
5 Thermal Efficiency 0.774 0.152 x 10_26
6 Units Generated 0.657 0.128 x 16716
7 Utilisation 0.444 6.102 x 1070
J 8 Unit Capacity 0.640 0.154 x 10_15
9 Region 0.026 0.778
10 Technical Staff 0.685 0.139 x 10719
11 Administrative Staff 0.683 0.167 x 10718
12 Industrial Staff 0.558 0.390 x 10~
13 Total Staff 0.594 0.598 % 1013
14 Ratio 10 : 13 0.083 0.328
15 Ratio 11 : 13 0.039 0.637

Table No. 3 — Predicting Age of Station

The overall results were again satisfactory, although

they were all of appreciably lower significance than when
predicting installed capacity. However they showed that
the eleven significant variables were satisfactory for

predicting the age of a Power Station.
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Thermal efficiency was again the variable with the
highest significance, Installed capacity was slightly
significant and of similar order of significance were the
mmbers of technical staff and adminigtrative staff.

Units generated and unit capacity were, not surprisingly,
highly significant.

The Region and both manpower ratio variables, showed
no significance. Generally speaking each Region has
power stations of varying age and when the geographical
boundaries of Regions were considered the age of station-
would not have heen a consideration.

Manpower ratios were of no significance and indicate
that the ratios do not change whether a power station is
old or new, whereas the actual numbers of men employed in

these categories vary with the age of station..
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Te2.3. Number of Generating Units as Dependant Variable

Overall
2

F=21,18, »" = 0.7170 (71.70%), Approx. P = 0.9493 x 1072

Individual Results

No. P, Approx.
of Variable rt Probability
Variable by pure chance
1 Installed Capacity 0.239 0.572 x 1072
2 Age of Station 0.188 0.304 x 1071
4 Type of firing 0.032 0.71
5 Thermal Efficiency 0.180 0.378 x 107!
6 Units Generated 0.259 0.25T7 x 1072
7 Utrlisation 0.068 0:416
8 Unit Capacity 0.037 0.658
9 Region 0.407 0.119 x ‘IO_5
10 Technical Staff 0.392 0.325 x 1072
11 Administrative Staff 0.497 0.138 x 10_8
12 Industrial Staff 0.605 0.156 x 10713
13 Total Staff 0.576 0.495 x 10712
14 Ratio 10 : 13 0.270 0.171 x 1072
15 Ratio 11 : 13 0.210 0.153 x 107

Table No. 4 ~ Predicting Number of Generating Units.
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predicting the age of a power station.

overall show that the eleven individually significant

variables had a similar order of significance to those

In predicting the number of generating sets, the results




The most significant individual variable was the number
of industrial staff although the total staff, administrative
staff and technical staff were all highly significant.

In this case the Region proved the most significant
probably because some Regions include large conurbations
within their boundaries, which have a number of old small
stations containing a large number of generating sets.

Utilisation had no significance which is logical}
utilisation is dependant on physical characteristics of
generating plant such as thérmal efficiency rather than the
number of generating sets installed in a power station.

The type of firing also had no significance in predicting
the number of generating sets.

Generating set capacity 1s affected by auto correlation

with regard to number of generating sets as it is calculated

by daviding the installed capacity by the number of generating

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

Installed capacity, age of station, thermal efficiency
and units generated were also significant variables for

predicting number of generating sets.
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Ta2.4. Type of Firing as Dependant Variable

Overall

F = 3.76, r? - 0.3102 (31.02%4), Approx. P = 0.3268 x 1074

Individual Results

No. P, Approx.
of Variable ‘rf Probability
Variable by pure chance

1 Installed Capacity 0.123 0.154

2 Age of Station 0.326 0.131 x 1073

3 No. of Gen. Units 0.032 0.718

5 Thermal Efficiency 0.212 0.143 x 1071

6 Units Generated - 0.255 0.304 x 1072

7 Utilisation 0.394 0.302 x 1670
8 Unit Capacity 0.168 0.534 x 107"

9 Region 0.090 0.289
10 Technical Staff 0.359 0.230 x 1074
11 Administrative Staff 0.344 0.550 x 1074
12 Industrial Staff 0.289 0.740 x 1073
13 Total Staff 0.309 0.302 x 10>
14 Ratio 10 : 13 -0.006724 0.284

15 Ratio 11 : 13 0.058 0.487

Table No.5 ~ Predicting Type of Firing.

Nine variables were shown to be individually significant
in predicting type of firing. Overall,!F'was satisfactory
although at 3.76 appreciably smaller than in previous cases,
only 31.02% of the variability could be exvlained away, although the
approximate probability that the results could occur by pure
chance was satisfactorily low.
The most significant variable was utilisation and
indicated that the higher order fuel (nuclear) was highly

utilised. This phenomenum being due to the low cost of
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generation of nuclear reactors, nuclear fuels being cheap
although installation capital costs are high. H}gh nuclear
utilisation therefore is due to low generating costs and also
inflexibility of magnox nuclear reactors which encourages

the maintenance of high loads.

Not surprisingly the manpower variables were significant
in predicting the type of firaing, whereas the two manpower
ratios had no significance. It could have been anticipated
that the ratio technical staff : total staff would have been
different for nuclear stations than for coal fired stations -
as the increased safety and health monl'tori‘ng and,
sophistication of these stations resulis in a larger rumber
of technical and scientific staffs proportionally to other
staffs,than in cc;nventional fossil fired stations.

The age of the stations, thermal efficiency, units
generated and size of generating set were significant in
predicting type of firang.

There again 311.51zes of generating plant have been
installed whether for oil, pf firing or in muclear stations,
although chain grate coal boilers were only used in
association with generating units of up_to 60MW capacity.

Installed capcity, number of generating sets and Region
had no significance, 2ll of which can be explained

satisfactorily.
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T.2.5. Thermal Efficiency as Dependant Variable

Qverall
F = 29.05, ° = 0.7766 (77.66%), Approx. P = 0.1493 x 1070

Individual Results

No. Approx.

of Variable rf Probability
Variable by pure chance

1 Installed Capacity 0.735 0.108 x 10—22

2 Age of Station 0.774 0.152 x 16°20

3 No. of Qen. Units 0.180 0.378 x 107"

4 Type of Firing 0.212 0.143 x 1671

6 Umts Generated 0.722 0.141 x 19721 .

7 Utilisation 0.479 '0.592 x 10°°

8 Unit Capacity Q.667 0.256 x 15717

9 Region 0.073 0.388

10 Technical Staff 0.638 0.190 x 165713

1 Administrative Staff 0,676 0.576 x 10718

12 Industrial Staff 0.598 0.360 x 10713

13 Total St;ff 0.620 0.208 x 10”14

14 Ratio 10 : 13 ‘ 0.070 0.398

15 Ratio 11 : 13 0.150 0.831 x 107

Table No.6 —~ Predicting Thermal Efficiency.

Overall the results were much more satisfactory in this
case, the twelve significant variables being very satisfactory

overall in predicting thermal efficiency.

The overall results show a mich higher significance when
predicting Thermal efficiency, than in the previous case where
Type of firing was being predicted.
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The most significant variable for predicting thermal
efficiency was the year of installation, or the age of the
stat:on. Thermal efficiency was more a function of the year
of installation than of the size of generating unit. The
explanation would be that as plant became more advanced
technically the thermal cycle became inherently more efficient.
Similar cycle conditions were used for 200MW Units as for '
500MW Units for example, Installed capacity had a greater
significance in predicting thermal efficiency than did the
size of generating unit. Units generated was a highly
significant variable which was to be expected as the higher .
the thermal efficiency the more generation 1% wili be called
upon to prowvide.

However, units generated had an appreciably higher
significance than utilisaticn, which 185 probably due to new
large generating units not having a high utilisation as a
result of low availability rather than poor thermal efficiency.
In other words if the large units could have performed at
higher loads they would have done go due to having higher thermal
efficiencies, but despite having lower utilisation they
generated a large number of units, due to their high individual
capacity.

The number of generating sets and type of firing, although
significant, were of a much lower order than those mentioned
above,

Highly significant were the four manpower level variables:
technical, administrative, industrial and total staffs, whereas
once again the manpower ratios were much less significant, in

fact the ratio technical staff to total staff had no significance.
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The latter could have been expected to have some significance
in predicting thermal efficiency. A higher ratio of
technical staff should yield improvements in thermal
efficiency.

Region showed no significance in predicting thermal
efficiency, again no surprise as it 1s to be expected that

each operating Region will place equal emphasis on maintaining

optimum thermal efficiency.




T.2.6. Units Generated as Dependant Variable

Overall
2

F = 75.70, 1= = 0.9006 (90.06%), Approx. P = 0.9682 x 10771

Individeal Results

No,. P, Approx.
of Variable r* Probabrlity
Variable by pure chance
1 Installed Capacity 0.877 0.351 x 10742
2 Age of Station 0.657 0.128 x 10710
3 No. of Gen. Units 0.259 0.257 x 1072
4 Type of Firing 0.255 0.304 x 1072
5 Thermal Efficiency 0.722 0.141 x 10'"'21
7 Utilisation 0.437 0.161 x 1678
8 Unit Capacity 0.812 0.370 x 10"31
9 Region 0.338 0.731 x 1074
10 Technical Staff 0.734 0.124 x 10722
11 Administrative Staff 0.768 0.641 x 10'26
12 Industrial Staff 0.725 0.906 x 1022
13 Total Staff 0.743 0.192 x 10723
14 Ratio 10 : 13 0.015 0.983
15 Ratio 11 : 13 0.166 0.560 % 107

Table No. 7 — Predicting Units Generated

The overall results showed a high order of significance.

Eleven of the variables proved to be significant in

predicting Units generated by power stations.

Two of the fifteen variables, Installed capacity and

generating Unit Capacity were affected by aunto correlation and

would therefore be omitted in future‘predictlons of Units.

generated.
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The ratio of technical staff : total staff had no
significance, that of adminisirative staff : iotal sitaff
had some significance.

Industrial staff had the greatest significance which
18 a fair indication of the important contribution indusirial
staff provide to achieve generated units.

Technical, administrative and total staffs were only
slightly less significant in predicting units generated and
each staffing variable had a much higher significance than
any of the technical variables., Thermal efficiency was the
closest in wmportance to the mamming variables and it is
acknowledged that highly efficient plant will contribute
rroportionally more generation. However, the importance of
manpower to achieve generation is identified in these resulis.

Age of plant was highly significant and can be identified
relative to thermal efficiency with the realisation that younger
plant will contribute more to units generated than old plant.

Utilisation ha.d..a. higher significance than the type of
firing or number of generating sets, no type of fuel contributed
more generation than any other unless the utilisation is higher.
Utilisation 1s based on generating ' costs including thermal
efficiency, emphasising that thermal efficiency had the
greatest significance of the technical variables, underlining
the merit order system of loading generating plant operated

by the C.E.G.B..
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7.2.7.

Utilisation as Dependant Variable

Qverall
P = 25.62, 2 = 0.754 (75.4%), Approx. P = 0.3501 x 10-28
Individual Results
No. P, Approx.
of Variable 'pt Probability
Variable by pure chance
1 Installed Capacity 0.133 0.125
2 Age of Station 0.444 0.102 = 107°
3 Fo. of Gen. Units 0.068 0.416
4 Type of Firing 0.394 0.3025 x 1072
5 Thermal Efficiency 0.479 0.592 x 10”8
6 Units Generated 0.437 0.161 x ‘IC‘-6 .
8 Units Capacity 0.134 0.121
9 Region 0.049 0.546
10 Technical Staff 0.489 0.251 x 10"8
11 Admimistrative Staff 0.456 0.375 x 1077
12 Industrial Staff 0.356 0.265 x 1074
13 Total Staff 0.389 0.373 x 1672
14 Ratio 10 : 13 0.052 0.526
15 Ratio 11 : 13 0.068 0.411

Table No. 8 — Predicting Utilisation

The overall results, although not as high as previously,

were of satisfactory levels, proving that the eight individually

significant variables were acceptable for predicting utilisation

of power station plant.

Tehnical staff were highly significant and pointed to

utilisation levels depending more on the technical and

scientific staff contribution than the administrative and

—
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industrial staffs. However, the four staff level variables
were all highly significant whereas the two manpower ratio
variables had no significance. The proportions of technical
and administrative staffs to the total staffing had no
significance and no importance in predicting plant utilisation,
although each section of manpower had an important role.

The technical variables thermal efficiency, units generated,
the age of station 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 with the highest efficiency would
be called upon for the highest utilisation. The ége of station
and thermal efficiency were closely allied as was Seen in
sections 7.2.2 and 7.2.5.

Installed capacity, muber of generating sets, generating
unit capacity and the Region also had no significance in
predicting utilisation.

The only unusual aspect being that generating unit
capacity was not significant. It was to be expected that
larger units would have been highly utilised, being more
efficient than smaller units, the conclusion to be drawn
being that the large units suffered from poor availability
and were not runable when required. To a lesser extent
installed capacity might well have had some significance in
this case, because the larger units tend to result in a station
of higher installed capacity. Therefore the explanation
is probably that the lower availability of large units was

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

rolicy of optimising thermal efficiency, with resultant

utilisation levels.




7 -2080

Overall

F = 114.28, rZ 0.9319 (93.19%), Approx. P = 0.298 x 10

Unit Capacity as Dependant Variable

Indivaidnal Results

60

No. P, Approx.

of Variable r? Probabilaty
Variable by pure chance

1 Installed Capacity 0.933 0.944 x 1072

2 Age of Station 0.639 0.154 x 10_15

3 No. of Gen. Units 0.037 0.658

4 Type of Firing 0.167 0.534 x 107

5 Thermal Efficiency 0.667 0.256 x 10"17 .

6 Units Generated 0.812 0.370 x 10731

T Utiligation 0.134 0.121

9 Region 0.327 0.1231 x 16_3

10 Technical Staff 0.656 0.142 x 10716

11 Administrative Staff 0.647 0.506 x 10716

12 Industrial Staff 0.594 0.583 x ‘IO_13

13 Total Staff 0.619 0.258 x 10~ 14

14 Ratio 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

approximate probability that the results could have occurred

by pure chance was extremely low.

Thermal efficiency was the variable with the highest

significance, the age of the station only slightly less

significant.

The Region proved to be significant as was the

- 63 =




type of firing. It 1s understandable that Regions may have
differing proportions of generating unit capacities. The
Midlands Region for example has the largest number of

modern large units due to their proximity to cheaper coaly

and cooling water from the River Trent, whereas the North
Western Region has fewer large units but more small stations
containing smaller generating uwnits., The latter result is due
to the many urban authority stations which were quite old.

That the type of firing was significant in predicting
set size may be explained by the chain grate coal fired
boilers only being used in stations having turbo—-alternators
of up to 60M{ capacity. Pulverised fuel and oil ;re used
for similar sizes of generating plant, and nuclear stations
use medium to large generating sets, although the largest
of 660 MW are not yet commissioned being coupled with the
Advanced Gas Cooled Reactors.

Installed capacity and units generated were considered
to bebaffected by autoe correlation in the prediction of
generating unit capacity.

Vot surprisingly the rumber of generating units was not
significant, however it would have been reasonable to expect
ntilisation to be significant in predicting generating unit
capacity. The explanation yet again being that some of the
large generating units at this time were not available
sufficiently to achieve the utilisation that their efficiency
and generating cost would have warranted.

The significance of the various staffing levelg and
ratios followed a similar pattern to those found in previous

cases, Technical, administrative, industrial and total

—
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staffing levels were all highly significant in predicting
generating unit capacity, whereas the two ratio variables
had no significance. Poor availability of the wvery large
generating units where technical staff : total staff ratios

are higher than for smaller generating units probably accounts

for this lack of significance.

o



7.2.9.

Overall

F = 9.49,

Region as Dependant Variable

r

2

Indaividual Results

- 0.5317 (53.17%), Approx. P = 0.1041 x 107"

2

No. P, Approx.
of Variable frt Probability
Variable by pure chance
1 Installed Capacity 0.297 0.532 x 107>

2 Age of Station 0.026 0.776
3 No. of Gen. Units 0.407 0.119 x 1077
4 Type of Firing 0.090 0.289
5 Thermal Efficiency 0.073 0.388
6 Units Generated 0.338 0.731 x 1074
7 Utilasation 0.049 0.546
Unit Capacity 0.327 0.123 x 107>
10 Technical Staff 0.324 0.145 x 10>
1 Administrative Staff 0.329 0.120 x 107>
12 Industrial Staff 0.437 0.155 x 10—6
13 Total Staff 0.423 0.443 x 107%
14 Ratio 10 : 13 0.131 0.129
15 Ratio 11 : 13 0.159 0.660 x 107"

Table No. 10 — Predicting the Region

The overall results were much poorer than in previous

cases, although of a satisfactory level with regard to the

reliability of the nine individually significant variables

in predicting the Region.

CGenerally the variables show a higher significance in

predicting techmical factors of power station than in

predicting the Region.
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Industrial staffing had the highest significance which
is interesting in that it indicates that Regions have varying
patterns of manning of industrial staff. Total staff is
only slightly less significant, including in its number the
industrial staff. Technical and administrative staff were
highly significant and of a similar order of significance.

The ratio technical staff : total staff had no significance
but the ratio of administrative staff : total staff was
si1gnificant, indicating that Regions vary in their policies
regarding the number of administrative staff employed in
relation to obther staffs,

Installed capacity, number of generating units, units
generated and generating unit capacity were significant in
this case.

Age of station, type of firing, thermal efficiency and
utilisation had no significance in predicting the Region.
Thermal efficiency optimisation is common to all Regions?!
pelicies and 1t turned out that utilisations were of a
similar order for each Region. This was despite varying
patterns of installed capacities, generating unit capacitfaies
and number of generating units. With utilisations of similar
values higher units generated were therefore a result of
larger installed capacities and vice versa.

In brief, Regions had different mamning levels and
policies, operated stations of differing patterns of plant
capacities,but all operated similar policies of optimising

thermal efficiencaes.
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7.2.10. Technical Staff as Dependant Variable

Overall

P = 885.02, r° = 0.9906 (99.06%), Approx. P = 0.100 x 10~ 14

Individual Results

No. P, Approx.
of Variable Tp Probability
Variable by pure chance

1 Installed Capacity 0.712 0.897 x 10"21
2 Age of Station 0.685 0.138 x 10_18
3 No. of Gen. Units 0.392 0.325 x 1077

4 Type of Firing 0.359 0.230 x 16-4

5 Thermal Efficiency 0.638 0.190 x 16717 N
6 Units Qenerated 0.734 0.124 x 10"22
7 Utalisation 0.489 0.251 x 1078

8 Unit Capacity 0.656 0.142 x 10—16
9 Region 0.324 0.145 x 10>
1 Administrative Staff 0.943 0.786 x 10783
12 Industrial Staff 0.871 0.660 x 104
13 Total Staff 0.912 0.378 x 1072
14 Ratioc 10 : 13 0.103 0.227
15 Ratio 11 : 13 0.205 0.180 x 107"

Table No. 11 — Predicting Number of Technical Staff

Overall the results indicated a very high order of
gignificance of the twelve variables which were individually
signmficant in pred:icting the number of technical staff.

'F' was very high, only 0.94% of the variability could not be
explained away and the approximate probability of these
results occurring by pure chance was 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 itwo variables which had no
significance were total staff and the ratio of technical
staff : total staff both being auto correlated with the
dependant variable technical staff.

Administrative staff had more significance in predicting
technical staff than any other wariable, 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 showed 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 firing, with small differences only in
the number of technical staff between the varying fuels.

The results emphasise that the choice of wvariables was
correct when considering manming levels. These variables
being the basis of the method of comparing relative manpower

productivity levels.
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7.2.11. Adminmistrative Staff as Dependant Variable

Overall

F = 465.14, r? - 0.9824 (98.24%), Approx. P = 0.100 x 10714

Individual Results

No. P, Approx.
of Variable 'y’ Probability
Variable by pure chance

1 Installed Capacity 0.732 0.195 x 10722
2 Age of Station 0.683 0.167 x 10-18
3 No. of Gen. Units 0.497 0.138 x 1073
4 Type of Firing 0.344 0.550 x 1074
5 Thermal Efficiency 0.676 0.576 x 10‘18
6 Units Generated 0.768 6.641 x 10"26
7 Utilisation 0.456 0.375 x 1077
8 Unit Capacity 0.647 0.506 x 10716
9 Region ’ 0.329 0.120 x 107>
10 Technical Staff 0.943 0.786 x 10_63
12 Industrial Staff 0.933 0.206 x 10720
13 Total Staff 0.956 0.491 x 10710
14 Ratio 10 : 13 . 0.066 0.428
15 Ratio 11 : 13 0.159 0.674 x 1071

Table No. 12 — Predicting Number of Adminstrative Staff

Here again the variables, apart from one manpower ratio
and two auto—correlated variables, proved to be highly
significant in predicting administrative staff levels.

Total staff, which included adminisirative staff and the
ratic administrative staff : total staff were both auto-
correlated with gdminlstratlve staff and were not therefore

considered further.
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The ratio of technical staff ¢ total staffibyoved to
have no significance in this case, whereas the level of
technical staff had the greatest significance of all the
variables. This is interesting when compared with the
gituation 1n 7.2.10 when the level of administrative staff
had the greatest significance in predicting technical staff
levels and again industrial staff followed closely after.

Again manning levels had appreciably greater significance
in predicting administrative staff than any technical variable.

Of the technical variables the units generated have more
effect on administrative staffing levels than installed
capacity with the age of the power station and the thermal
efficiency also having a great effect.

Type of firing and the Region both had significant

effects on administrative staff levels.
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T.2.12. Industrial Staff as Dependant Variable

Overall

F < 14515.24, 1° = 0.9994 (99.94%), Approx. P = 0.1000 x 10~ 1%

Individual Results

No. P, Approx.
of Variable i Probability
Variable by pure chance

1 Installed Capacity 0.696 0.180 x 10717
2 Age of Station 0.558 0.390 x 10~
3 No. of Gen. Units 0.605 0.156 x 10713
4 Type of Firing 0.289 0.740 x 10~

5 Thermal Efficiency 0.598 0.360 x 10713
6 Units Generated 0.725 0.906 x 15722
7 Utilisation 0.356 0.265 x 1079
8 Unit Capacity 0.594 0.583 x 10713
9 Region 0.437 0.155 x 1670
10 Technical Staff 0.871 0.660 x 16~
11 Administrative Staff 0.933 0.206 x 10790
13 Total Staff 0.995 0.100 x 10~ 4
14 Ratio 10 : 13 0.249 0.400 x 1072
15 Ratio 11 : 13 0.374 0.959 x 1072

Table No. 13 — Predictinz Number of Industrial Staff

Overall and indivadual results and significances bore a
close similarity to those of 7.2.10 amd 7.2.11.

'F' was extremely high, only 0.06% of the variability could not
be explained away and the approximate probability was exceedingly
small, being the same value as in the previocus two cases.

Total staff was auto—correlated with industirial staff and

therefore not considered further.

—
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Administrative staff had the greatest significance in
predicting industrial staff levels with technical staff also
of a very high order. These two variables were appreciably
more significant than the technical or plant variables.

Of the plant variables units generated again had the
greatest effect on industrial staff, which showed that
producing high generation levels was an important objective
of i1ndusirial staffs. That utilisation had a lower significance
indicates that actual production levels needed mors staff
than making plant run for longer periods. It is a surprising
phenpmenon that utilisation is so less important than units
generated, they are closely allied and a high utilisation is
important to give resultant high generation levels.

All plant variables were significant which again
emphasised the satisfactory choice of variables which were to
be used for predicting various manning levels., Again the
Regions had differing policies with regards to manning patterns
and numbers of industrial staffs. One aspect which was not
selected in the form of a variable, which does have an affect
on manpower levels i1s the extent of the use of coniractors.
The use of contractors could well have been significant in

predicting industrial staff levels.

...73_




7.2.13. Total Staff as Dependant Variable

Cverall

F .~ 22781.05, 1> = 0.9996 (99.96%4), Approx. P = 0.1000 x 10~ 14

Individual Results

No. _- P,Appr?x:
of Variable b Probability
Variable by pure chance
1 Installed Capacity 0.715 0.571 x 10721
2 Age of Station 0.594 0.598 x 1013
3 No. of Gen. Units 0.576 0.495 x 10712
4 Type of Firing 0. 309 0.302 x 1073
5 Thermal Efficiency 0.620 0.208 x 15714 .
6 Units CGenerated 0.743 6.192 x 16723
7 Utilisation 0.389 0.373 x 1072
8 Unit Capacity 0.619 0.258 x 10”14
9 Region 0.423 0.443 x 10‘5
10 Technical Staff 0.912 0.378 x 107!
11 Administrative Staff 0.956 0.491 % 10710
12 Industrial Staff 0.995 0.100 x 10~ 14
14 Ratio 10 : 13 0.192 0.266 x 107
15 Ratio 11 1 13 0.348 0.438 x 1074

Table No, 14 ~ Predicting Total Staff

In this case the overall results were highly significant,
'F* extremely high, only 0.04% of the variability camnot be explained
away and the approximate probability that the results occurred
by pure chance was minute and of the same value as in each of
the previous cases.
The variables technical staff, administrative staff,

industrial staff and the two ratio variables were all auto-
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correlated with total staff and would not therefore be used
in any predictions.

Units generated was the most significant technical
variable closely follawed by the installed capacity.

The remaining technical variables proved to te highly
significant; thermal efficiency, generating umit capacity,
age of power station and number of generating units.

As with the prediction of previous staff variables, the
Region was significant, pointing to varying manning policies
between Regions. The explanation in this case being that
although the introduction of pay and productiviiy 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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T.2.14.
Overall

P = 33.48,

Ratio of Technical Staff:

Total Staff as

Dependant Variable

2

Individnal Results

r~ = 0.8002 (80.02%), Approx. P = 0.2486 x 10733

No. P, Approx.

of Variable "r' Probability
Variable by pure chance

1 Installed Capacity 0,0098 C.110 x 10

2 Age of Station 0.083 0. 328

3 No. of Cen. Units 0.269 0,71 x 1072

4 Type of Firing 0.0019 0.151 x 10

5 Thermal Efficiency 0.070 0. 389

6 Units Cenerated 0.015 0.981 ’

T Utilisation 0.052 0.526

8 Unit Capacity 0.078 0.360

9 Region 0.132 0.129

10 Technical Staff 0.103 0.227

11 Administrative Staff 0.066 0.428

12 Industrial Staff 0.249 0.400 x 1072

13 Total Staff 0,192 0.266 x 107

15 Ratio 11 : 13 0.630 0.604 x 16719

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

Overall resulis were satisfactory regarding the prediction

of this Ratio from the three variables which were individually

gignificant.

'F!' was satisfactory, 80.02% of the variability could be

explained away and the probability of the results happening

by pure chance was low although these overall resulis are not

as good as ain the previous case.
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However, only three variables showed any significance,
the Ratio adminisirative staff : total staff hawving the
largest significance. The number of industrial staff and
mimber of generating sets being the only other significant
variables. The only surprising aspect is that the number of
generating units should be significant whereas, for example,
thermal efficiency was not. A greater proportion of technical
staff would be expected to yield higher utilisation and
higher thermal efficiencies. That greater proportions are not
used for these purposes indicated a common policy of technical
staff patterns,because availability of all stations is not of
a high enough order and all stations do not achieve optimum )
thermal efficiency. All the Regions have a common poliéy with
regard to technical staff manning levels in proportion to
total staffs. The extra sophistication of more modern and
larger units had not resulted in a greater proportion of
technical staff being employed. This points to higher standards
of indusirial staff being employed in modern large stations,
having been trained to operate and maintain larger and more
complex machinery.

One factor not covered by this project, which may affect
this ratio in the early life of a new power station, is the
work carried out by contractors, either those who manufactured
the plant, or contractors who are qualified to carry out work
on sophisticated systems or plant.

Another factor which may be pertinent is that scientific
teams which are usually based at each Region generally carry
out more investigations into problems al large new stations,
where the pay back 1s higher, than for smaller well established

stations. Similarly other Regionally based services,
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maintenance workshops for example, carry out more work
for large sitations than small.

The results bear out earlier observations that
proportions of technical staff involved on operation do
not differ, whether as a result of variation in station
capacity, units generated or for different types of firing.

The variables technical staff and total staff were
auto-correlated with the dependant variable and were therefore

not considered further.
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7.2.15. Ratio Administrative Staff: Total Staff ag
Dependant Variable

Overall

F =30.97, ©° = 0.7875 (78.75%), Approx. P = 0.8513 x 10732

Individual Results

No. P, Approx.
of Variable 'r' Probability
Variable by pure chance
1 Installed Capacity 0.194 0.589 x 10~"
2 Age of Station 0.039 0.635
3 No. of Gen. Units 0.210 0.153 x 1071
4 Type of Firing . 0.057 0.487
5 Thermal Efficiency 0.156 0.831 x 10"1
6 Units Generated 0.166 0.560 x 107
7 Utilisation 0.068 0.411
8 Unit Capacity 0.122 0.158
9 Region 0.159 0.660 x 107!
10 Technical Staff 0.205 0.180 x 107
11 Adminmistrative Staff 0.159 0.674 x 107!
12 Industrial Staff 0.374 0.959 x 107
13 Total Staff 0.348 0.438 x 1074
14 Ratio 10 : 13 0.630 0.605 x 10~ 12

Table No.7 6 — Predicting the Ratio Administrative Staff : TotalStaff.

Overall resulis were of a similar order to those in the

previous case although nine of the independant variables proved
to be significant, compared with three significant variables

predicting the previous ratio.

The variables administrative staff and total staff were
auto-correlated with the dependant variables.

Variables showing no significance in the prediction of
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this Ratio were age of station, type of firing, Htillsatlon
and generating unit capacity.

The most significant variable was the Ratio technical
staff : total staff, being appreciably more si1gnificant
than any other. Technical staff and i1ndustrial staff also
proved to be significant.

Regions had differing policies regarding the proportion
of administrative staff to total staff.

Of lesser significance were the Installed Capacity,
number of generating units, thermal efficiency and units
generated. It was surprising that thermalhefflclency was
significant whereas the age of the station was not, there
being a strong inter-relationship between these variables.

Similarly utilisation did not have any bearing on this
Ratio whereas the units generated did., More units generated
wonld affect the ratio of administrative staff : total staff ’
whereas the increased utilisation necessary to achiew more
units generated does not affect this ratioc at all.

A major feature of administrative staff work 1s that
of administering personnel matters, mon:toring expenditure
and compiling statistics and returns. These activities increase
as a result of increased activity by technical staff. The

significance of the technical staff : total staff Ratio 1s

explainable in this context.




7.2.16.

General Comments on Significance of the Variables

The overall results for the prediction of the dependant

variables were as follows:-

2
2;3?2%?2* P4 va?iahility ﬁ%ﬁiﬁiiﬁity
explained away)| by pure chance
1. Installed Capacity 228.67 | 0.9647(96.47%) | 0.200 x 10774
2. Age of Station 23.77 | 0.7398(73.98%) { 0.834 x 10727
3. No. of Gen. Units 21.18 } 0.7170(71.70%) | 0.9493 x 1072
4. Type of Firing 3.76 | 0.3120(31.20%) | 0.3268 x 1074
5. Thermal Efficiency 29.05 | 0.7766(77.66%) | 0.1493 x 10~
6. Units Generated 75.70 | 0.9006(90.06%) | 0.9682 x 107t
7. Utilisation 25.62 | 0,754 (75.4%) | 0.3501 x 10728
8. Unit Capacity 114.28 | 0.9319(93.19%) | 0.298 x 107°°
9. Region 9.49 | 0.5317(53.17%) | 0.1041 x 1072
10. Technical Staff 885.02 | 0.9906(99.06%) 6.1000 x 10714
11. Administrative Staff | 465.14 } 0.9824(98.24%) | 0.1000 x 10774
12. Industrial Staff 14515.24 | 0.9994(99.94%) | 0.1000 x 10774
13. Total Staff 22781.05 | 0.9996(99.96%) | 0.1000 x 10774
14. Ratio 10 : 13 33.48 | 0.8002(80.02%) | 0.2486 x 10733
15. Ratio 11 : 13 30.97 | 0.7875(78.75%) | 0.8513 x 10732

Table No. 17 ~ Overall Results for Predictions of Dependant Variables

In all cases the values of 'F', p

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

1.e, Ingtalled Capacity and the staffing variables.

The staffing level variables were highly sagnificant

in every case, whether the dependant variable was of a

- 81 -




technical nature or number of staff. However, when
predicting the Ratio technical staff : total staff the
administrative staff had no significanceyalthough industrial
staff and total staff were both significant and the Ratio
administrative staff : total staff was highly significant.

Similarly when predicting the Ratio administrative
staff ¢ total staff the staffing variables were significant
and the Ratio technical staff : total staff was highly
significant.

Generally the two Ratio variables were not very
successful in predicting the other variables. The Ratio
technical staff : total staff was only significant when
rredicting the number of Generat;ng Units and the number
of industrial staff. The technical staff numbers variable
was also highly significant when predicting the mamber of

Generating Un:its and the number of indusirial staff.

Therefore the higher proportion
of technical staff : total staff is only likely when there
are more generating units, not when there i1s more installed
capacity, and a greater proportion of technical staff will
not result in higher thermal efficiencies or utilisation.
The actual mumbers of staff in each section is more
important than different proportions of technical staff,
although more technical staff proportionally will indicate
more industrial staff.

In contrast the Ratio administrative staff : total
staff was significant in predicting all but four variables,
these were Age of Station, Type of Firing, Utilisation and

Unit Capacity.
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To complete the picture regarding staffing sections,

a further variable may have proved to bhe useful, that heing
the Ratio industrial staff : total staff.

By testing this Ratio it may be confirmed that, for
example, a higher thermal efficiency is achieved by having a
larger proporiion of industrlal staff, or that a higher
utilisation and more units may have been generated.

As the variables
stand, without this further ratio, the importance of having
sufficient staffing levels in each section is seen to be

very important, For some variables the Ratio of administrative

staff : total staff 1s significant but in no case is this Rafio

as high 1n significance as each of the staff level variables.

Despite the varying results from the two Ratio variables

1t has been ghown that when predicting the technical wvariables

the levels of technical, administrative and industrial staff
are highly significant. Equally it has been shown that
when predicting individual staff levels; technical,
administrative or industrial, the technical variables are
all significant, many being highly significant.

Even though the interaction between technical and
staffing variables varies,in other words the cause and
effect vary from one side to the other, the technical
variables are satisfactory for predicting staffing levels.

A large Installed Capacity for example is the cause
of a large number of technical staff, whereas an increase
m industrial staff may be a cause, the effect of which is
that thermal efficiency increases or more units are generated.

It has also been shown that when predicting staffing

variables the remaining staffing section variables are highly
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significant. For example, when predicting the technical
staff, the admimistrative and industrial staffs appearsd
1o be highly significant.

The Region also proved to be significant when predicting
all the individual staffing sections, which indicates that
each Region has different policies for their staffing levels,
or that progress in implementing the Pay and Productivity
Schemes has been slower in some Regiong than in others.

There was no significance in the variables Age of
Station, Type of Firing, Thermal Efficiency and Utilisation
in predicting the Region and equally when predicting each .
of these techmical variables, the Region had no significance.

This shows that each Region had plant of similar age
groups, with similar proportions of fuel firing and aimed
for optimising thermal efficiency with the same priority
and pf%duced similar results 1n terms of thermal efficiency
and utilisation. If thermal efficiencies and utilisation
are similar from Region to Region, it follows that Regional
performances do not vary very much and it also follows that
overall plant availability mmst be similar.

The requirement for optimum thermal efficiency and its
achievement 1s a measure of productivity, it has already
been highlighted as being very important and a major
objective of power station and Regional managements, and
has been the subject of international comparisons..

In every case where it is used in predicting technical
variables, thermal efficiency 1s highly significant and
when thermal efficiency is being predicted all the technical

variables proved to be significant. Similarly when predicting
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thermal efficiency the staffing levels were shown to be highly
significant, being higher in sigmificance than some of the
technical variahles,

When predicting each section of staffing, thermal
efficiency proved to be highly significant, there is,
therefore, an inter-relationship between thermal efficiency
and the different staff sections.

The dependant variable which the independant variables
predicted the least satisfactorily was Type of Firing. It
appears that there are similarities between the types of
firing, in technical performance and manpower levels.

The explanation is probably that type of fi}ing is
concerned with the boilers in each power station, or steam
raising reactors, in the case of nuclear plani. DBoilers
only form part, albeitl a large part,of plant installed in
a power station. However the remaining plant is amilar,
size for size, from one station to another. Type of Firing
would have had a much higher significance if the C.E.G.B.
had a large capacity of hydro plant. When international .
comparisons are made,Type of Firing will have much more
significance for industries with a large proportion of
hydro—electric plant.

In Section 7.2.5 it was noted that low availability
of large modern generating units had resulted in the mmber
of units generated having a much higher sigmificance than
utilisation. When these generating units are contributing
more generation the results will be somewhat different to

those obtained in this project. However, if annual c¢omparisons

of relative performance were to be carried out the reactions and

gignificances of the variables would vary but the priniciples

and variables used should still have proved to be soundly based.
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i3

Predicting Values of Variables

In the previous section 1t was shown that certain of the
independant variables were significant when predicting them
individually as dependant variables.

Predictions wi1ll be made, 1n this section, of values of
dependant variables, for different size power siations, using
the coefficients of the significant independant variables as

followst-—

Predicted value dp +al vl + a2 v2 + «ceve. @8n Vn

where a coefficirent

v = value of significant independant variable .
for the power station. ‘

The dependant variables to be predicted are those which
may be expected to vary, from station to station, as a result of
different operating management policies or decisions. There
18 no point in predicting installed capacity or age of station
for example, these two variables will affect staffing levels
but staffing levels will not affect them.

Therefore, of the technical variables only Thermal Efficiency
w1ll be predicted . This 13 affected by management policies and

efficient use of resources as are the staffing and staffing ratio

variables which will also be predicted.




T.3.1. Predicting Thermal Efficiency

No. of

s Total ‘Staff

Indep't. Miamante | Cosfrcaent | R SH
Congtani=

16.336 oo
1 Installed Capacity 0.09247 10
2 Age of Station 0. 20076 10726
3 No. of Gen. Units - 0.21134 1071
4 Type of firing ~ 0.30461 107!
6 Units Generated - 0.08026 1021
7 Uti1lisation 0.10766 10"8
8 Umt Capacity - 0.00784 10717 ’
10 Pechmical Staff ~ 0.06863 10713
11 Administrative Staff 0.20924 16718
12 Tndustrial Staff 0.00646 16713
13 Total Staff — 0.00633 10714
15 Ratio  Admin. -30.657 107

Table No. 18

— Coefficient=s for Predicting Thermal

In predicting thermal efficiency the signs of the

Efficiency. (Overall probability= 10'32)

coefficients of the significant independent variables show

that thermal efficiencies improve as stations increase in

installed capacity and as they get younger in age.

Stations with fewer generating units have higher thermal

efficiencies, which 1s a reflection of recent policies of

installing fewer large units of say 500 MW output, than

the many stations having six or more 60 MW umits.
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One surprising coefficient 1s that for generating unit
capaclty which indicates that as generating unit capacity
increases, thermal efficiency decreases, albeit to a very
small degree. Over the years as generating unit sizes increased
higher steam temperatures and pressures and the incorporation
of reheat resulted in higher thermal efficiencies. Additionally
larger generating units have proportienally lower losses which
again should result in improved thermal efficiencies. The
contrary result indicates the poor early performanice of the
new large generating units which up to March 1973 did not
achieve designed thermal efficiencies.

The staffing level coefficients show that an increase in
administrative and industrial staff levels produce an improved
thermgl efficiency, whereas i1ncreasing technical and total
staff levels are associated with reductions in thermal
efficiency. That the total staff 1s negative was due to the
negative sense of technical staff just overcoming the positive
senses of administrative and industrial staffs.

The negative sense of technical staff i1s interesting, in
that when predicting thermal efficirency the expectation i1s that
if' more technical and scientific knowledge and expertise 1s
applied then thermal efficiency should increase. It could be
deduced that rather than increasing technical staff tc achieve
an improved thermal efficiency, an improvement would be
achlevegrby increasing the rumber of administrative and
industrial staff, decreasing the number of technical staff.
However, the Ratio Admimistrative Staff: Total Staff also
takes the negative sign of Total Staff.

Applying the variables and their coefficients to a
selection of power stations, results were obiained and are

shown in the table.
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P ‘Stati Installed
ower Btation Capacaty Predicted Actual
L Thermal ™
. ermal
MW Efficiency .
Class No. 0 % Efficiency
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.19 = Comparison of Predicted and Actual
Thermal Efficiencies for a sample of Power Stations.

These power stations were selected to show examples for
small stations of up to 200 MW capacity, medium capacity
of 201 MW to 1000 MW and large stations of greater than
1007 MW installed capacity.

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

44 and 88 being large capacity stations.

Table No. 20 — Net Effect of Variables when Predicting Thermal
Efficiency. (Constant = 16.336).

Power Station Predicted Wet Effect Net Effect
Thermal of Plant of Staffing
Efficiency Variables Variables
Class No. A
16 20. 401 5.8340 - 1.7685
Small
66 17.905 4.3370 - 2.7677
23 31.180 16.5901 - 3.7459
Medium
B 29.404 16.2035 -~ 3.1358
44 35.253 21.7749 - 2.8584
Large
88 34.256 196547 - 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 prediciting 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.S5.16) 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 ?or a station -
of this very small ainstalled capéclty. It can be compared with
P.8.66 which had a utilisation of 6.26% and a low actual

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 1t would be realised that this
station 1s 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 w1l be seen that(compared
with P,S.16}the mimber of industrial staff is particularly low
at 22 (P.S.16 having 109) and admimistrative staff low at
3 (P.S.16 having 8)

The medium size stations P.S.23 and P.S5.53 both
returned lower thermal efficiencies than were predicted,
particularly P.S.23 which has quite large sized generating
units at 97.5 MW. It also 1s 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 availability of the newer larger stations,
which return much lower utilisations, In this prediction
the effects of high utilisation are a major contribution to
the high predicted values of thermal efficiencies for P.5.23
and P.3.53.

P.5.44 and P.S5.88, the large stations, have actual
thermal efficiencies which fall short of designed values,
again a result of poor availability. If one considers a
situation where the large units achieved a utilisation of 90%
then the results of the multiple regression would appear
completely different. In the existing exercise, for P,S5.44
and P.S5.88 the Installed capacity factors are particularly .
high, whereas Utilisations (V7) are very low. Uhher the
rostulated situation the relative values of Installed capacity
and Utilisation factors would be reversed.

In general it may be stated that the significant
independant variahles can be used to predict the thermal
efficiency of a power station, Havaing predicted a value for
a station, the reason for any deviation from the actual value
can be assessed by studying the weighting of the various factors
as shown for example in Table No.' 20 ; and as explained above.

It 1s necessary when using variables in the way they have
been used in this exercise, to present results in such a way
that reasons fordeviations from actual values can be identified

together with the cause of the deviation.
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7.3.2. Predicting the Number of Technical and Scientific Staff

gg&e;ft Igdependant Coefficient Probabilaty
Variable ariable by Chance
Con?tggt =
1 Installed Capacity 0.23218 10-21
2 Age of Station 0. 31362 10“18
3 No. of Gen. units - 1.29860 107
4 Type of firing 0.04732 1074
5 Thermal efficiency ~ 1.22370 10'"15
6 Units generated — 0.43650 10-“22
7 Utilaisation 0.32682 ‘ 16-8 -
8 Unit Capacity | - o0.00810 15716
9 Region 0.92400 1073
11 Admmstrative Staff |  3.06860 10703
12 Industrial Staff ~ 0.02434 d
LR I~ E RS

Table No, P2l — Coefficients for Predicting the Wumbers 58
of Technical and Scientific Staff.(Overall probability = 10 7 )

When considering the coefficients of independant variables
for prediciing rmumbers of technical staff the negative
coefficient of number of generating umits calls for some
explanation. Generally,in most stations,generating units
are similar in mamufacture, design and construction but
on the face of 1t more units would seem to require more
technical staff.But the patterns of operational staffing
are similar whether there are two generating units or four.

In many stations the patterns of technical staff for
maintenance and services are the same,1ndependant of the

number of generating units but dependant on the installed

capacity.
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When predicting technical staff, thermal efficiency has

a- negative coefficient. This 18 similar to predictaing
thermal efficiency, as was seen in the previous section when fewer
technical staff were associated with a higher thermal efficiency.

In conjunction with the negative coefficient of thermal
efficiency it will be seen that units generated also has a
negatirve coefficient, whereas utilisation has a positive
coefficient.

Thermal efficiency and utilisation are inter-related
in that a higher thermal efficiency would result in the power
station being instructed to produce more electricity hence
returning a higher utilisation, ) :

Poor performance of large new generating plant in its early
life often prevents this. From the data in Table No. 43.
the average utilisation of 500 MW generating units was 32.2%.
“This is very low when one considers that even though several
of these stations did not reach optimam thermal efficiency,
their efficiency 1s appreciably higher than most of the remaining
generating plant, hence they would have been required to be
generating for a much longer period than thais. From general
cbservation it will be seen than the highest utilasations
occurred in the stations with medium sized generating units.

These results also appear to have affected unit capacity
which has a negative coefficient., Increased complexity and
technical sophistication have called for more technical staff
on new power stations with large generating plant. The
coefficient 1s of a small order but it is highly significant.

The negative coefficient of industrial staff rs also interesting
showing that more industrial staff will be associated with fewer
technical staff. This is surprising when 1t is realised that the
technical staff provide the supervisory and management function

and shows that the same number of technical sitaff are managing
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more industrial staff.

level, is provided by industrial staff.

First line supervision, at foremen

The explanation is probably that increased manual

industrial staff requires an increased number of foremen,

These foremen are recrulited and administered as indusirial

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

The positive coefficient of administrative staff was

to be expected, the greater clerical commitiment being %o

provide the greater mumbers of reports, statistics,etec.,

required when more technical staff are employed.

Applying the variables and their coefficients to a

selection of power stations, of varying sizes, as explained

in 3.3.7., results are shownin Table No.22.

Power Station Installed Predicted Actual Difs.
Capacity No. of No. of | Pred.
Class No. |uw Technical Technical| _Agtual
0 Starf Staff .
g 4 7!5 20 25 _5
Srall
59 | 62.1 74 12 o
Medium
A 67.8 80 77 3
63 | 198.3 84 119 -35
Large , ;
123 | 198.3 103 81 22

Table No. 22 — Comparison of Predicted and Actual Fumbers

of Technical Staff for a Sample Number of Power Stations

Results for the two small stations P.S5.4 and P.3. 24 are

quite similar.

than P.S.4 and had twice the utilisation.

P.S,24 had a higher thermal efficiency

P.5.4 was four

years older, these differences in the three variable were

the main cause of the one extra technical staff being

predaicted for P.5.24.




Both medium sized stations were actually staffed by fewer
technical staff than were predicted. P.S.7T is not as old as
P.5.59, 1t 1s more efficient, but has a poorer utilisation.

Both stations produced very nearly the same units of
electricaty. P.S5.77 employs itwice the rmumber of industrial
staff with mine generating units as against the seven of PS.59.
Some differences can be explained by some power stations bheing
quoted as an entity, whereas they are mulii stations on a
sinzle site.

Malti-Station sites differ in manning patterns io
single station sites, this feature being discussed in more .
detail in the (eneral Section 3. 3. ‘

It is seen from Table 22 that the predictions for the
two large stations are different, In the case of P.S. 63 the
predicted level 1s lower than the actuai, but vice versa
for P.S5.123. There 18 a large difference i1n the actual numbers
of technical staff employed at each station. As both sites have
the same rumber of generating units, the same installed capacity
and are of similar ages,the difference in rumbers of men of
38, compared with actual number of 81 at P.S5.123 and 119 at
P.S.63 1s high. Being 1n different Regions,accounted for iwo
more men being employed at P,S5.123 which had the lowest actual
staffing,

The major difference in predicted values was due to there
being more administrative staff in P.5.123 which resulted in
a higher factor contributing to the predicted value. P.S5.123
employed 6 more admimstrative staff than P.S.63, the coefficient
of 3.0686 giving a factor of 107.5759 for P.S.123, compared with

89.1735 for P.S.63.
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An interesting comparison 1s the net effect which

technical variables have against the net effect staffing

variables (and Region) have when predicting numbers of

technical staff.

Power Stn. Predicted No. Net effect Net effect of
of Technical of Plant Staffing

Class No.| Staff variables variables
Small

24 21.1 - 14,2 + 10.6

29 4.3 - 6.0 + 55.6
Med 1um

17 79+5 - 18.0 + T2.8
Large

Table No.23-Net effect of variables when predicting

Technical Staff.

(Constant = 24.7)

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

negative effect when predicting technical staff whereas

the staffing variables make a heavy positive coniributicon,
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Z¢ 3.3, Predicting Admimistrative Staff

No. of Probability
Indep't In%:gg:gigt Coefficient } by Chance
Variable (rounded)
Constant =
— 1.7646
-22
1 Installed Capacity - 0.02569 10
2 Age of Station 0.06766 10—18
3 Yo, of Gen. Units 0.29792 1073
4 Type of firing 0.22253 1074
5 Thermal efficiency 0.11490 10718
6 Units generated 0.06456 16726
7 Utilisation - 0,01114 1677
8 Unit Capacity 0.00507 10-10
9 Reglon - 0.30995 1073
10 Technical Staff ' 0.15396 16763
12 Industrial Staff 0.02702 10798

Tabla No.24— Coefficients for Prediciting Number of

Administrative Staff (Overall Proa. = 10-74)

From the coefficients it will be seen that the

mmber of administrative staff tend to reduce with

increasing installed capacity.

However this staffing

tends to increase with higher thermal efficiency, where

more eleciricity is generated and at stations where

there are multiples of large generating units.




Increases in the numbers of techrical 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 Region has a coefficient with a negative
sense when predicting administrative staff, whereas
the Region has a positive sense when predicting
technical staff. ‘These could indicate varying
mamning policies adopted by different Regions.

Applying these variables and coefficients

to a selection of small, medium and large capacity

power stations, gave results shown in Table No.25.

Power Sin. | Power Stn. | Installed | PredictedActual | Diff
Class No. from Capacity | No. of No, of |Predicted
Table Md/10 Admin, Admin, |-
Staff Staff |Actual
Small 21 6.6 6.7 6.0 0.7
15 3.0 4.1 4.0 0.1
Medium 87 4.7 27.7 29.0 -1.3
104 59,1 23.9 22.0 1.9
102 105.7 30.3 0.0 0.3

Table-No.25-Jomparison of Predicted and A ctual Numbers

of Administrative Staff for a Sample of
Power Stations.

The predicted values in this case were quite close

to the actual numbers although the percentage variation between

predicted and actual values for P.S5.21 was §high at 17.5%.

——
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The two small stations vary considerably in

industrial staff levels, there being 77 employed at

P.5.21 and only 12 at P.S.75, these factors

therefore being much higher for P.S.21.

The staffing variables were by far the

most significant when predicting administirative

staff, the contributions made by technical

factors and staffing factors excluding the Region

being shown in Table No.26.

Power Power Predicted |pNet Net
Station tation |No. of Contribution |Contribution
Class No. Admin, of Plant of Staffing
Staff Variables Variables

15 4.1, 4.8 1.1
Medaum 87 27.7 7.6 21.9

104 2309 800 1708 .
Large 56 23.5 8.7 21.6

102 30.3 9.6 22.5

Table-No, 26~Net Contribution of Variables when

In general terms the net contributions of

Bredicting Number of Administrative Staff.

(Constant = —1.76)

plant variables are very similar to thoseof staffing

variables for the small power stations.

For P.S.7%

the plant variable contribution is more than double

the staffing variable contibution.

When the medium

and large stations are considered ‘there is a similarity

between the plant variables contribution for each station

and for staffing variables contribution.
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The ratios 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 similar
contribution when predicting administrative staff.
However the coniributions for medium and larger
stations from the plant variables 1s approximately
0.3 to 0.4 times the contribution of staffing

variables.

= 100-




T 3.4, Predicting Industrial Staff
No. of
Independant Probability
Indeptt . Coefficient
Variable Variable by Chance
vonstant
= 152,20
1 Installed Capacity | 0.10660 10719
2 Age of Station - 1.68940 16-11
3 No. of Gen., Units 8.66780 10713
4 Type of firing 4.05450 1073
5 Thermal efficiency 0.27799 10_13
6 Units Generated 0.21819 10722
7 Utilisation —~ 0.32465 1074
8 Unit Capacity 0.00636 . ‘IO'-13
9 Region 5.07430 10’6
10 Technical Staff - 0.25221 1074
11 Administrative 13.7410 10‘58
Staff
14 Ratio Technical: -65,0590 1672
Total Staff
15 Ratio Admin: —2528.90 107
Total Staff

Table No.27 —Coefficients for Predicting the Number -69)
of Industrial Staff.{Overall probability = 10

Considering the coefficients of the significant

independant variables for predicting the numbers of

industrial staff, the first explanation which is required

18 the negative coefficient for age of station.

This

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

industrial staff, which 1s reasonable when one considers

that more wear in plant items necessitates more breakdown

repair work.

In older stations too, operational staffing




patterns resulted in more men being required to operate
boiler and turbines locally, whereas in modern stations
many fewer men operate a boiler/%urbo—alternator unit

centrally by remote control,

The negative coefficient for utilisation is interesting

because the more plant is being utilised the more wear,
vibration, fatigue,etc., s taking place which calls for
more industrial staff to carry out repair and
maintenance. However i1f utilisation is extremely high,
(some stations have 100% quoted) then there is no
opportunity to carry out substantial repairs and
preventative maintenance unless standby plant is
available, Also af plant'{s achieving this level
of utilisation,the repairs(etc) are not necessary at
that time, but will become necessary later, as a result
of the high utilisation.

It is interesting that the Region has a substantial
effect, 1ndlcatlﬁg that Regions have differing policies
with regard to number of industrial staff employed

in power stations.

These variables and their coefficients were applied
1o a selection of small, medium and large power sitations
to predict the mumbers of industrial staff for each

station, results are shown in Table No.28.
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P.S.6 has 4 generating units whereas P.5,22 has
2y the contributing factors, from the product of value
of variable and its coefficient,result in 34.67
for P.S5.6 and 17.34 for P.S.22; P.5.26 is younger
than P.S5.34 and has 3 generating units compared with
8 for P.S.34, the differencies in these factors causing
the differeénce in values of plant variables between
these two power stations.

In the case of staffing variables,the major contribution
to the change from negative for small stations to positive
for the other stations is the large coefficient of
13.741 for Administrative Staff,.and the affect of Region.
The factors from the two ratio variables are of the same

order for all six power stations, irrespective of size.
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Power Installed | Predicted .
Power . Actual Wo,. Difr,
Station gzatmn Capﬁglty Igg_t.xsgiial of Industrial |Predicted
Class ia Staff Staff - Actual
: 6 6.70 108.9 98.0 10.9
Small
22 5.90 74.0 80.0 5.0
26 64.50 341.9 381.0 -39.1
Med1um
34 39.00 365.1 414.0 -48.9
55 133.80 503.4 537.0 -33.6
Large
107 183.10 TT4.7 933.0 ~158.3

Table No. 28 — Comparison of Predicted and Actual Numbers of -

Industrial Staff for a Sample of Power Stations.

In the case of P.S.é there were 10 more industrial
staff predicted than were actually employed, but in the
other examples the predicted values exceeded the actual.

Where compariéonswere being made on a formal basis
the discrepancies would he investigated to find reasons.

There are two factors which have not been taken
into account which particularly affect the industrial
gtaff and total staff levels.

The first factor is that, where a power station site
includes more than one power station,more industrial staff
will be employed. Flant varies from station to station so that
it is not just a matter of number of generating units which

determines manpower requirements.
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4 difficulty arises when trying to account for the
variables on a mulii station site, this remains to be
resolved. The other factor, not included in this project,
1s the amount of contractual work carried cut on a station.
On many of the new stations there 1s a high utilisation of
contractors: even general engineering firms who meet peak
maintenance work loads. If no contractors were employed,-
more industrial staff would be required than at present.
This aspect also needs clarifying for inclusion in the
calculations regarding relative productivity. Within
an 1ndustry mach of this information could be obtained
and used, but in international compamies this area of .

comparison would be more difficnlt to take account of.

Power Statiory Predicted Net effect Net effect
No. of of Plant of
Industrial Variables Staffing
Class No. Staff Variables
6 108. 9 13.07 . - 56.40
Small
22 T4.0 ~11.57 - 66.60
: 26 1.9 -26. 35 216.01
Wedlum
34 365.1 27.64 185.28
55 503. 4 38.74 312.43
Large
107 TT4.7 90.13 . 532.33

Teble No. 29— Net Effect of Variables when Predicting
Namber of Industrial Staff. (Constant = 1H2.20)

From Table Neo.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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T+ 3.5, Predicting Total Staff

Tndep's thdependant Coefficient §;°2§:;iity
Variable
Constant
= ~156.330

1 Installed Capacity 1.75840 10~41

2 Age of Station -1.39130 10-13

3 No. of Gen. Units 41.964 10712

4 Type of firing 43.458 10673

5 Thermal efficiency 0.45483 10-14

6 Units Generated -0.41763 10723

7 Utilisation 2.6383 w0

8 Unit Capacity 0. 30099 1514

9 Region 3,0743 16—6

Table No, 30 -~ Coefficients for Predicting the Number of Total
otall (Uverall Probability = 10731)

The significant independant variables in this case

are the plant ané technical variables plus the Region.
All the staffing and staff ratio variables heing anto -
correlated with total staff.

As was the case in the previous section,the
coefficient for age of station is negative: the explanation
for this being similar to that given earlier.

One interesting feature 1s that in predicting
industrial staff utilisation is posifive, whereas Umits
generated 18 negative, it having the highest significance

of the variables,
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The number of generating units has a high

coefficient, showing that a large work load is enfailed

for each generating unit, which is quite logical in the

context of total staffing.

Type of firing also has a

high coefficient, showing that a typical coal fired power

station would have

fired station.

43 more siaff than a comparable oil

Comments made in the Section predicting Industrial

Staff regarding the use of contractors and multi-station

sites are again relevant to this section.

Poyer Power énstaiied Predicted | Actual {Diff.
Station | Station a?ﬁ; ¥ Total Total | Predicted
Class No. 10 Staff Staff |~ Actual

16 3.9 105.0 139.0 -34.0
Small

82 5.7 142.3 143.6 0.7
Medium ‘

65 46.6 A53.7 340.0 113.7

A4 198.0 552.6 386.0 166.6
Large

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

" for a Sample of Power Stations.

Comparing predicted and actual total staffing levels of
the six power stations, differences are low in the case of
P.5.82, P.8.23 and P.S. 85. Two of the stations P.S.65 and
P.5.44 have predicted values appreciably higher than the

actual levels.
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In the case of P.S5.65 a major contribution
to this is from the number of generating units,
there being 8 at this power station.

The actnal value of 340 for this power station
1s quirte low for i1ts installed capacity. Even
P.5.23 whach 1s ¢quoted 1n thig section, has a lower installed
capacity and yet the fotal staff of 512 is 172 higher.

P,8.44 also has an actual value of 386,
which 1s very low for a power station containing
four 500 MW generating umits. As comparisons P.S.85
and P.S.88.( both having four 500 MW generating units
installed )each employs over 70O staff. ‘

When predicting total staff, other than the
Region, all variables are plant variables. The factors
for Region vary from about 3 to 12;so that in the
final predicted valwes, the Region has only a very

small contribution, the largest influences on total

staff being technical and plant features.




7.3.6

Predicting the Ratioc  Technical Staff : Total Staff

No. of Probability
Indep't Independent Variable Coefficient by Chance
Variable _Lrounied)
Constant
= 0.06331

3 No. of Gen. Units -0.00327 1072

12 Industrial Staff 0.000024 10-2

15 Ratio Admin : 1.7800 10710

Total Staff

Table No.32 Loefficients for Predicting the Ratio Technical Staff :

Total Staff (Overall probability = 107 -4)

Only three independent variables, of the fourteen tested,
rroved to be significant when predicting the ratio of
technical staff : total staff. Of those three variables
only the mumber of generating units was a plant variable,
1ts coefficient being in a negative sense, showing the
tendancy for a lower ratio of technical to total staff with
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

si1gnificance.
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Predictions were made for a sample of six power

stations, the results being shown in Table Fo.33 . ~

Pow Power Installed | Predicted Actual Difference
S’catii‘n Station Capacity Value of Value of Predicted
O1ons Yo. MW Tech Staff/ | Tech Staff/| . Aotual
. 10 Total Staff Total Starf
Small 82 5.7 0.159 0.157 0.002

100 3.4 0.161 0.157 0.004
Med ium 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 0.010

Table No.33 ~ Comparison of Predicted and Actual Ratios of
Technical Staff :Total Staff for a Sample of

Power Stations.

The predicted values for P.S.82, P.5.100 and P.8.85 are
quite close, the small stations having predicted figures
1.2% and 2.5% higher than actual. P.S. 85 predicted figure
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,

by 22.7%, 27.3% and 30.6% of the actual values respectively.
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Power Power Predicted Net Net
Station Station Value of Contribution | Contribution
Class Ho. Ratio of plant of staffing
Tech /Total | Variables variables
Small a2 0.159 -0.0098 0.1059 -
100 0.161 =0.0066 0.1044
65 0.133 -0,0262 0.0955
Large 69 0.177 -0.0131 0.1268

Table No. 34 — Net Contributions of Variables when Predicting

the Ratio of Technical Staff @

Total Staff

(Constant = 0.0633)

There is a large difference in the actual ratios in the

examples selected.For example,in the medium size stations

ES, 40 has a ratio of 0.269,the P.5.65 ratio is 0.183. In the

case of the large stations , P.5.69 has an actual ratio of

0.255, whereas the P.5.85 ratio is 0.157.

Nine stations having 4 x 500 MW installed generating

units and an installed capacity of 1983MW (1e 2000MW mimus

works power) show the following actual technical : total

staffing ratios.

station | emienl/ | siation | eohnizel/,
O. Yo.
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 Raticsfor a

Sample of Large Power Stations.
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As has been shown by the regressions, the type of
firing has no significance in explaining the ratio in
question and yet there 1s a large variation in actual

ratros in the large stations, from 0.132 to 0.255.

- 112 -




T.3.7

Predicting the Ratio Administrative Staff : Total Staff

No. of Probability
Indep't Independent Variable Coefficirent by Chance
Variable (rounded)
Constant
= 0.01349
1 Installed Capacity —0.00003 { - 107t
3 No. of Gen. Units 0.00057 107t
5 Thermal Efficiency 0.00041 107t
6 Units Generated 0.00007 10—1
9 Region 0.00003 1072
10 Technical Staff ~0.00019 10t
12 Industrial Staff o.ooooi 1072
14 Ratio Technical @ 0.26302 10 2

Total Staff

Table No.36 ~ Coefficients for Predicting the Ratio of

Administrative Staff

¢ Total Staff

(Overall probability

= 10"14j

As in the previous prediction the Ratio variable was

by far the most highly significant.

The next in order of

significance was the number of Industrial staff, the

remainder having a lower significance.

Larger power stations tend to require a lower ratio

of administrative staff :

total staff.

Higher thermal

efficrency, more generating units and more units generated

all tend to require larger ratios of this staffing.

It is

interesting that the coefficient for technical staff has a

negative sense whereas that for the technical staff : total

staff ratic is positive.

———
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Table No.37shows predictions of the ratio of

Admin. : Total staffs Tor a sample of power stations.
Power Power Installed | Predicted Actual Value | Difference
Station| Station Capacity Value of of ratio Predicted
Class No. MW technical : | technical @ - Actual
10 total staff | total staff
Small 67 3.5 0.066 0.039 0.027
81 7.0 0.060 0.058 0.002
Med jum 97 78.4 0.053 0.058 -0.005
120 6T7.2 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.37 —

Comparison of Predicted and Actual Ratios of

Administrative :

Total Staff for a Sample of

Power Stations.

Comparisons of predicted to actual ratios show that

differences occur negatively and positively independently

of power station size.

P.3.67 has the greatest discrepancy between prediction

and actual values; it is of course a very small power station

which 1s not representative of small stations.

It has

remained in the data table due to more than ten technical

staff being employed, however, in the last twelve months

stations of this size have been closed down.
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Power Power Predicted Net Net
Station Station ratio Contrabution | Contribution
Class No. Admin : of plant of staffing
Total Staff Variables Variables

Small 67 0.056 0.00985 0.04289

81 0.060 0.00872 C. 03764

Med 1um 97 0.053 0,01725 0.02178

120 0.056 0.01.905 0.02306

Large 11 0.051 0.01215 0.02504

107 0.045 0.01248

0.01870

Table No.38 — Net Contributions of Variables when Predictine

the Ratio of Administrative Staff : Total Staff

(Constant = 0.01349)

Net contributions of plant variables are considerably

less than staffing variables for small power stations,

however for medium and large stations there is closer to

a balance between the contributions.

In the case of both staffing ratios, the medium and

large stations are more compatible with each other, the small

stations giving different results.
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7.4

Procedure to Test Quality of Variables in Predictions

Having predicted the dependant variables in the
seven previous sections,one further test was carried out,
using the prediction of administrative staff as an example.

The test was to ensure that the independant variables
were sigmficant in predicting Administrative staff and not
because, as in this case with Technical staff, another
variable was so highly significant that the other variables
were showing significance towards 1t. Therefore a test was
carried out to show that the other independent variables

were not predicting administrative staff biased by the .

[}

dominantly high significance of technical staff.

The test ﬁrogramme carried out was based on the results
of the prediction of administrative staff in section 3.3.3.

Stage T was to remove the independent variable having
the least significance, in this case the Type of firing, with
approximate p(rounded) of 10-4.

A prediction of administrative staff followed which
resulted in a higher overall probability from 1012 to
10774,

This procedure was repeated, removing variables
Utilisation, Number of generating units and Units generated
respectively, each time the overall probability of the results
occurring by pure chance remaining extremely significant at 10—74.

The next stage was to predict the Number of technical
staff which was the most significant independent variable
for predicting administrative staff, using the independent

variables left after those mentioned above had been removed.
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The remaining independent variables were Installed
capacity, Age of station, Thermal efficiency, Units
generated and Number of Industrial Staff. Overall probability
by chance (rounded) was 10—44 which was ccnsiderably
lower than when predicting Administrative staff using
the discarded 1ndepend.an‘l:'va.r1ables.

Finally, Administrative staff was predicted using the
variables Installed capacity, Age of station, Thermal
efficiency, Units generated and Technical staff, Overall
probability (rounded) was 10—61, i.e. higher than predicting
Technical staff.

This showed that in the original regressions predicting
Administrative staff, the independent variables were truly

s1gnificant m.pred.icting Administrative staff and were not

themselves affected by Technical staff.
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Approx. Overall
Step Dependent Indgpendent 5 Prob. Approx Prob.
Variable Variables r
No. being Predicted Yos by Chance by Chance
: {rounded) (rounded)
1 | Administrative |1,2,3,4,5,6, | 0.9491 | Variable 72
Staff (11) 7,8,10,12 No. 4, 10
lowest at
1074
2 }Admimistrative |1,2,3,5,6, 0.9490 | Variable 74
Starf (11) 748,10,12 No.7, 10™
lowest at
10
3 |Administrative | 1,2,3,5,6, 0.9489 | Variable a4 °
Staff (11) 8,10,12 No. 3, - 10
lowest at
10_8
4 | Administrative | 1,2,5,6, 0.9486 | Variable 74
Starf (11) 8,10,12 No. 8 10
lowest at
1 o--16
5 | Adminstrative 1,2,5,6, 0.9484 | Most Sig- 74
Staff (11) 10,12 nificant 10
Variable
Technical
Staff at
10793
6 { Technical 1,2,5, 0.8197 —aa
Staff (10) 6,12 10
7 {Administrative | 1,2,5,6, 0.9037 61
Starr (11) 10

Table No.39 — Test Procedure for Agssssing Indeperdant Variables

when Predicting Administrative Staff.
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T+5

Examples of Predictions for a Region

To show examples of the use of the predictions,
the number of technical and industrial staff were
predicted for the power stations of two Regions.

The Regions 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
nunbers are included together with percentages.

In both cases the total rumber of technical staff
predicted, exceeded the actual total number of technical
staffj whereas the total number of industrial staff
predicted were less than the actual numbers. Similar
exercises would be necessary for the remaining Regions
to ascertain vhere the total actual technical staff
exceeded predicted mumbers and vice versa for industrial
staff.

The value of this type of exercise 1s in explaining
the major differences between predicted and actual values,
whether for a power station, or totals for a Region.

Queries regarding use of coniractors and allowances

for milti~station sites s8till remain to be answered.




= 0cT —~

-

Power No. of Technical Staff No. of Industrial Staff

gtat;on Actual %.Age Actual % Age

nglerom Actual Predicted - Act.-Pred. Actual Predicted - Act.-Pred.

Predicted Actual Predacted 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 -56.0 351 313.5 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 04.5 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 N 260 249.4 10.6 4.1
66 11 7.0 4.0 36.2 22 26.5 ~1.5 ~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
T2 41 48.5 -1+5 ~18.4 192 183.2 8.8 4.6
T3 27 37.8 -10.8 ~40.0C 155 142.8 12.2 T.3
74 2l 26,3 =5.3 ~25.3 104 9%.3 4.7 4.5
15 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
T1 T7 122.8 -45.8 -59.4 522 463.6 58.4 11.2
78 33 38.0 -5.0 -15.2 149 - 143.5 55 3.7
Totals 1227 1311.7 -84.7 ﬁ 5105 4952.8 152.2

e e e e e e e e e e ——— —— e e e e e .}

Table No. 40 — Predictions of Number of Technical Staff and Indusirial Staff for Power Stations in

Region No, 3.
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Power No, of Technical Staff No. of Industrial Staff
i"rtat;‘gn Aotual % Age Actual % Age
T°£l on Actual | Predicted - Act.—Pred.| Actual | Predicted - Act.—Pred.

able Predicted | Actual Predicted | “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 T.4 466 469.4 -3.4 -0.7
111 29 23.8 5.2 18.0 119 126.9 -7.9 6.6
112 25 175 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 33 273 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
Total: 1414 1471.1 ~57.1 ~4.04 7967 7850,2 116.8 1.47
s o e Wm

|

Table No. 40 -~ Predictions of Numbers of Technical Staff and Industrial Staff for Power Stations of

Region No, 5,
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7.6

Porecasting of Resource Remuirements

In the previous sections, variables and their
relationships were i1dentified and tested, to find whether
they were 51gn1%1cant in predicting power station manning
levels. One application for the significant variables
would be in forecasting manpower requirements in future
years: for example as part of an electricity supply
industry's corporate plan.

Basically the method for this forecasting would be to
find values of the significant variables for the pericds
to be considered. . ‘

Many of the variables would be forecast, as they are
now, as part of the electricity supply industry corporate
plan, which 1s divided between the generating and distribution
activites, each of which is divided between lower operating
organisations.

The most difficult to forecast accurately for a long
future period would be the part electricity 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
allocation to regions and power stations would be assessed.
Such allocation, which becomes utilisation, would be based
on unit costs of the power stations production, together
with the assumptions of plant awvailability.

Plant availability and thermal efficiency for a power
station would be forecast, based on results of work planned
for the future, which is concerned with the improvement or

maintenance of these parameters. Where work is not to be
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carried out in a short period, for example on a large
turbo-alternator, a'deteriorating'factor could be used to
forecast thermal efficiency.

Decisions will be made about which power stations will
be closed and which new stations will be commissioned withan
the time scale of the plan. The variables installed capacity,
age of station, number and capacity of generating units and
type of firing of the available power stations will be known.

Utilising the forecast values of these variables, by
simulating the generating plant mix and performance,
predictions of staffing levels could be made. The curve

frtting from which predictions were made 1n earlier sections

was based on data from previous results and staffing patterns.

It is envisaged that anmmal predictions would be made on data
available from each previous year, The curve fit would then
be based on a different number of power stations, with plant
mix and type of firing varying as a result of commissioning
new plant, shutting down uneconomic power stations and
performances varying from the previous years. As annmual
results were obtained, trends would be cbserved which could
be used to bias future forecasts. If there are only a few
power stations, this forecasting for each station could be a
practical method, easily and quickly carried out.

A variation of this method would be to forecast for one
Region the manning levels for different installed capacaties,
varying unit sizes, different types of firaing, assuming a

particular overall thermal efficiency and utilisation level.
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Example of Forecasting Technical Staff

Assumptions vwere made that the example was for
Region No. 1 in 1976, when the overall thermal
efficiency was 30% and utilisation 707.

The expression for predicting nmumber of
technical staff was compiled from a constant,
plus the product of each coefficient times its
variable (the variables being installed capacity,
age of station, number of generating units, type
of firing, thermal efficiency, units generated,
utilisation, average genera,ting unit capaciiy and
region ). ‘

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
colums 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 MW, 1000 MW, 1500 MW, 3000 MW and

5000 MW. Generating unit capacities started at

30 MW and progressed upwards via 60 MW, 120 MW, 200 MW,
350 MW, 500 M4 and 660 MW to 1300 lill.

Bach combination of installed capacity and
generating unit size were predicted for three
different types of firing, oil, p.f. and nuclear.

The programme 1s shown on page rumber 126.

Results of computer print out are shown in Table No.41 .
In the table some editing has been carried out.

When generating unit capacity was greater than
installed capacity of the power station, %he example
was i1gnored. Similarly where small generating units
were installed in very large capacity power stations
they were left out (for example 30 MW generating units
in 1500 MW capacity power stations ).

It wvall be seen from the results that the lowest
staffing for each power station occurs when it is
0il fired and the variation from the smallest
generating unit and oil fired power stations which
employs 0.558 technical staff per MW falls to 0.063
technical staff per M{ in an oil fired power station
of 5000 MW capacity, containing generating units of
660 MW capacity. Incidentally a 5000 MW capacity
power station comprising 1300 MW generating units
has a higher mumber of technical staff predicted
than when the generating units are of 660 MW capacity.

This example uses technical staff as the resource
being forecast, other sections of staffing or total

staffing could be forecast in a similar manner,
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DIMENSION M1 1) ,1ISC8Y,FC3)
Wwv(1r=100 :
UM2Y=251

WM(3)=400

WC43Y=500

W(S)=750

WM(AY=10010
VMCTI=1500
WMOBY=20040
WM(93y=3000
WMC10Y=4000
WMC11)=5000

sdi1y=310

UsS<(2Y=50

USC3)=120

Usc4a)=200

115¢(53=350

Usc6» =509

US5¢7yY=6510
JS(8Y»=1300

Fery=1
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F¢3)x=4

NijM=10

D3 2 N1=1,11

D) 2 N2=1.,8

D) 2 N3=1,3

NUM=NIJM+1
Ch==225393%LMINL) .
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+3.5102%MCNT) ZHSCN2) +6 . 3758 %FCNI)
TM=TM+ 0339 1 %USCN2)
E=TM/UMCNTD)
TM1=TM+Cé
2 WRITECI>17)NUM,TM>TMIsWMINI)>USCN2),FEND),E
17 FORMATCIS,2F6.1,3F7.0,E13.5)
END

TM=32: 103+, 04565%uMINII+3.51012%xUMENT) ZLSCN2)I+6.3753%FCN3)




Installed Generating Ratio No. of
Tten | o No. of Capacity of Unit Type of Tech, Staff :
Yo. echnical Pow?r Capacity Firing Installed
Staff Station MW Capacity
MW L
1 55.8 100 30 1 0.553
2 68.5 100 30 3 0.685
3 74.9 100 30 4 0.749
4 50.9 100 60 1 0 509
5 63.7 100 60 3 0.637
6 T0.1 100 60 4 0.701
T 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 1l 0.205
23 94.9 400 60 3 0.237
24 101.3 400 60 4 0.253
25 T72.5 400 120 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 ACO 200 3 0.208
30 89.7 400 200 4 0.224
3l 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 1l 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 9.0 500 200 4 0.192
43 78.2 500 350 1 0.156
44 90,9 500 350 3 0.182
45 973 500 350 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 — Forecasting Technical Staff for Varying Generating

Unit and Power ST4ATicon GapaCitics.
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Installed

Ratio No. of

It No, of Capacity of Gengr?.tlng Type of {Tech. Staff :
e0 | fechnical P, nit F Installed
NO. ecnni CWer Capa,ci‘ty mng ns .
Staff Station il Capacity
MW My
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 0.103
74 120.9 1000 500 3 0.121
75 127.2 1000 500 4 0.127
76 111.8 1000 660 1 0.112
il 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 0.0931
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 0.0803
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., 4l Continued
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Ration No. of
nstatled Generating Tech. Staff :
No. of | Capacity of Unit Type of Trntalred
Item Technical Power Capacity | Firing Capansty
No- 1 "Stagr Stataon ra e
0.0878
101{ 175.5 2000 228 i oL
102 | 181.9 2000 50 4 0-090¢
1034 179.3 2000 1300 L 008
104 192.0 2000 1300 2 0.0995
105 198.4 2000 200 N 0 0711
106 213.4 3000 200 3 ey
107 226.2 3000 2o 2 o oras
108 232.6 3000 260 : o oy
109 213.8 3000 ceo 3 0 or5
110 226.5 3000 o0 2 o ove
111 232.9 3000 1300 ) 0,015
113 Ay 3000 1300 3 0.0801
TV e 2000 1300 4 0.0822
114 246.7 3000 %0 4 00562
115 | 226.1 4000 goo ! S
116 278.9 4000 200 2 et
117 285.2 4000 25 4 o org3
118 264.7 4000 eo0 ; 0.0894
174 1y 2000 660 4 0.0710
120 283.9 4000 1300 ] 00650
121 276.0 4000 1200 ; 0.0795
122 188.7 4000 1300 2 0.0733
123 295.1 4600 200 4 0.0533
124 318.8 5000 200 3 0.0623
125 33.15 5000 % 3 o ene
s s 2000° 260 1 0.0631
127 315.7 5000 eco ; 0.0657
128 | 328.5 5000 660 3 0.9657
139 243 2000 1300 1 0.0649
130 324.3 5000 1300 ; 0.0674
132 " 2000 1300 4 0.0687
132 343.4 5000

Table No. 41 Continued.,
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ALTERNATIVE METHODS

8.




8l

ALTERNATIVE METHODS

4 major disadvantage of using least squares

curve fitting, occurs when variables have a very
wide range of values, from very small to very large.
When there 1s this wide range of values, the large
values have an overlarge influence on the results.
In effect the larger values overshadow the small.

Te obviate this disadvantage in this project,
when finding the relationships between variables,
very small power stations were omitted and least
squares curve fitting used for the remainder.

Since the data was collected for this project

. the C.E.G.B. has closed down these very small power

stations. As a result the data used, 18 representative
of the industry at the preseﬁt time and least squares
regression can be used with some confidence.

However there may be electricity supply industries
which retain a mixture of very small and very large
power stations, in which case alternative methods
to least squares may be desirable,

In the least squares method the error squared which 1s
minimised is often in dimensional form, in terms of
power gernerated for example, the values can vary
from hundreds of kilowatt — hours to millions of

kilowatt - hours.
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When the variable being 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 with the errors sguared at the low end.

Thus the effect is that combinations of very high
squares overshadow the very small squares at the low end.

Mn alternative approach for finding relationships
between variables , when the variables have exireme
values, copld be to find the association between them,

Instead of finding the significance of a variable
when using 1t to predict another variable by
regression, the alternative approach would be to find
the association of the variable with another.

As an example, to find the relationship between
thermal efficiency and mumber of men using the
regression method, the points are plotited
and curve fitting using least squares carried out
on a ¢urve. In the alternmative method the
association between mumber of staff and thermal
efficiency 1s found. Put another way we should
find the level of thermal efficiency more frequently
in poWer stations having a certain mimber of staff.

It could happen that levels of, say, thermal
efficiency could occur when certain mumbers of
staff are employed but where no real association exists.
Therefore even in thig method a significance test is
necessary to test the reality of the association.

Having proved that the association is real, measurement

of the intensity of the association will be necessary.
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When speaking of association,the implication is that
a comparison 1s made, and that when,say,the values
of two variables are found frequently higher

1t can be said that they are associated.

The X2 ("Chi-square") distribution could possibly
be used to test the reality of association as an
alternative method to least squares regression.

The basis of the X? test 18 expected and observed
frequencies.When comparing results of variables the
widely differing dimensions will not affect results

[y

as mentioned for least squares regression. .
The goodness of fit of the data could be
determined by the X2 test,which could form the basis

of an alterhative method.
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CONCLUSIONS
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CORCLUSICNS

Methods have been developed and tested in this project, for
measuring the relative productivity of manpower and forecasting
future manpower requirements in power generation. The methods were
similarly developed and tested to enable comparison of thermal
efficiencies achieved by power stations.

9.1 Methods

Variables, both technical and manpower, were selected
because they had scme influence on thermal efficiency and
on manning levels.

These were Installed capacity, Age of pover station,
Mumber of generating units, Type of firing, Units generated,
Utilisation, Generating unit capacity, Region, Numbers of
Technical staff, Administrative staff, Industrial staff,
Total staff and the Ratios of Technical : Total staff and
Administrative : Tqﬁal gtaffs.

Multiple regression curve fitting(by computer,
incorporating values of these variableg was used to show
whether the selected variables were significant.

Not all the independant variables were shown to be
significant in predicting the thermal efficiency and manning
levels when each was the dependant variable.

Table 42 shows the best predictive variables and the
muber and identification number of the significant

independant variables for each prediction.
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Number of Identifying Number
Dependant Best Predactive {Significant | of the Significant
Variable Variable Independant Independant
Variable Variable
Thermal Age of Pouer 12 1,2,3,4,6,7,3,10,
Efficiency Station 11,12,13,15
Technical Adminmistrative 12 1,2,3,4,53647453,9,
Staff Staff 11,12,15
Administrative Technical Staff 11 1,2,3,4,546,748,9,
Staff 10,12
Industrial Staff |Admimistrative 13 1,2,3,4,5,6,7,8,9,
Staff 10,11,14,15
Total Staff Units Generated 9 1,2,3,4,546,7,8,9,
Ratio Tech Staff :{Ratio Admin Staff: 3 3,12,15
Total Staff Total Staff
Ratio Admin Staff:]Ratio Tech Staff 3 8 1,3,5,6,9,10,12,14

Total Staff

Total Staff

Table No., 42

— Begt Fredictive Variables and Number of Significant

Variables in Predictions.

Identification of Variables for use with Table No 42.

1l Installed Capacity

2 Age of power station

3 Number of generating units

4 Type of firing

5 Thermal efficiency

6 Power generated

T Utilisation

8 Average unit capacity

9 Region

10 Number of Technical and Scientific staff
11 Number of Administrative staff

12 Number of Industrial staff
13 Total Staff

14 Ratio Technical staff : Total staff

15 Ratio Administrative staff : Total staff
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9.2

93

The next stage in the method was to predict values
of the dependant variables for a selection of small, medium i
and large power stations. Comparison of the predicted and ‘
actual values followed and deviations explained, giving 2
measure of relative productivity.

Briefly then the method shows that for a power station
or generating organisation comprising several pouer stations,
predictions based on plant characteristics, levels of
performance and manning levels, may be made of thermal
efficiency and manpower productivity.

A derivation of the method was tested, by which fore—
casts of future manpower requirements could be made. Havaing
found the relationships of variables,then by simulating
how the industry will develop and thus assigning values to
the independant variables, forecasts of the level of

manpower for some future period was made.

Alternative Methods

Where the method 1s to be applied to industries having
power stations of widely different characteristics, the

use of multiple regression curve fitting may possibly be

replaced by alternative methods. One such method could be to

use x? to test the association of the variables.

Observations and the Use of Methods
9.3.1 These methods would seem to be adaptable to
making comparisons of thermal efficiency and
manpower levels for generating industries internationally
or nationally.
When comparing different utilities or industries,
major problems can occur when selecting variables and

ensuring that their definitions are the same.

_135 -




9.3.2

9.3-3

The methods measure relative productivity,
although thermal efficiency 21s one measure of
absolute productivity.

Thermal efficiency has limitations as a
measure of management performance in power stations
and an alternative such as the C.E.G.B. Station
Thermal Efficiency Performance Factor would be an
improvement. However, this may introduce problems
of similar definitions internationally or even
nationally, as thermal efficiency is the most
commonly quoted performance indicator. -

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
anmually, assessing deviations year by year and
observing trends. Another reason for monitoring ammal 1
performance would be to give a more conplete
pilcture of the early years of modern large power
stations operation. New plant, or modifications,
take a long per:iod ito engineer, mamfacture, install
and commission. As years pass one would expect to
see the gap between prediction and actual value
reducing each year.

As large stations performance improves over
the year the pattern of the generating load changes
and affects results appreciably. This is another

reason for monitoring performances annually.
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3.3.4 The method as applied for forecasting manpower
requirements could be adopted for use in forecasting
other particular resources, finance for example.

9.4 Puture Work

g.4.1 Application of the methods to later years
performance of power stations, to show up deviations
and the differences in performance patterns resulting
from the large new power stations increasing their
production levels.

9.4.2 Agsessing the effect of using contractors,on
manpower levels in power stati;ns. When carrying out
measurement of manpower productivity the use of
contractors needs incorporating in some way which needs
clarifying.

When used internationally,tﬁe use of coniractors
compared with internal manpower levels 1s important,
in some couniries power station maintenance is let
out in bulk on contract.

9.4.3 To investigate whether increasing staff levels
would improve the performance of large new power
stations and 1f so how to measure the improvement.

9.4.4 Hydro-electric power generation was treated as a
type of firing in this project. However hydro-electric
power 1s produced from stored pressure energy which is
released merely by opening a valve. Hydro power needs
fewer people and resources for operation and maintenance,
and 1s a completely different form of energy to heat

energy released from fuel. Types of firing whether oil,
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coal, pf,or nuclear,all transform heat energy into
steam and the main features of these power stations
are similar whatever the type of firing.

Investigation into how to incorporate hydro-
eleciric power into this method 1s required, as in
many countries, unlike England and Wales, a large
proportion of power i1s hydro—generated.

9.4.5 In assessing the performance of a power industry
a "package" would be needed which measured abaolute
productivity and relative productivity.

Absclute productivity is noé eas1ly measured
internationally due to definitions of variébles
differing widely.

Work  1s required to draw up a "package"
performance measuring system, incorporating absolute
and relative productivity factors.

9.46 The methods have been applied, in this project, to
the power generation side of the industry. Methods need
developing and testing for measuring the relative
performance of the distribution151de of the electricity

supply industry.
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Poyer Average
Inst'djAge of . No. of{No. of{No. of
g:wer Cap. }Plant Ng' of Type of |Thermal generated Utili- Unit Region| Tech. |Admin. |Induat gftal
e en. e ng | Brey, {000 ¥l tion | OaP No. |Staff |Staff (Starp |>roff
No. MW Year {Units [** 6
16 ~1926 10~ KWhr
100 % MW
V1 V2 V3 V4 V5 V6 V7 V3 Vg [ vio_ | Vil Viz | V13
1 33.60 | 34 A 3 27.00 | 12.562 42,20 | 84.00 1 57 21 282 | 360
2 14.30} 28 4 2 13.97 2.013 15.89 | 35.75 1 29 11 144 | 184
3 | 28.80 35 7 3 24.30 | 8.430 33.04 | 41.14 1 49 18 243 | 310
4 7.50] 22 4 2 16.78 0.525 7.91 | 18.75 1 25 8 122 | 155
5 19.70} 26 4 1 29.21 | 14.998 35.93 | 49.25 1 36 13 176 | 225
6 6. 70 18 4 2 20.07 1.036 18.29 | 16.75 1 20 8 98 | 126
7 24.00 30 4 3 25.70 | 11.236 53,08 { 60.00 1 43 16 213 | 272
8 23,60 31 4 3 25. 47 9.618 46,00 | 59.00 1 43 16 211 | 270
9 25,601 27 5 1 23.60 ] 11.629 51,27 | 51.20 1 59 22 273 {374
10 18.00 31 6 3 24.97 5.949 37.30 | 30,00 1 42 16 210 | 268
11 J198.30| 46 4 3 33.08 | 21.189 12.06 |495.75 1 103 18 512 | 655
12 | 12.50% 23 6 1 18.70 2.723 24.59 | 20.83 1 28 11 143 § 182
13 15.00f 31 5 3 24.73 | 4.468 33.62 | 30.00 1 31 11 150 {192
14 24,00} 30 4 1 19.74 3.209 15.09 | 60.00 1 31 11 152 | 194
15 25.00 | 23 6 2 17.10 3.235 14.61 | 41.67 1 49 18 246 | 313
16 3.90 16 2 2 23.58 1.135 32.85 | 19.50 1 22 8 102 | 139
17 15.90 23 5 2 20.00 1.511 10.73 | 31.80 1 29 11 146 186
18 22.40 36 2 3 31.10 ] 6.729 33.91 |112.00 1 33 12 163 | 208
19 | 12.00f 22 4 2 18.90 | 1.342 12.62 | 30.00 1 29 11 144 1184
20 | 12.00} 28 4 3 25.20 1 3,533 33.25 | 30.00 1 26 10 132 {168
21 6,60 17 3 2 17.00 0,321 5.49 | 22,00 1 15 6 17 93
22 5.90) 21 2 2 21.10{ 1.372 26.25 | 29.50 1 16 6 80 {102
23 | 39.00f 39 4 4 25,10 | 34.681  [100.00 |- 97.50 1 81 30 402 1512
24 8.60] 26 4 2 19.26 1.175 15.42 | 21.50 1 24 9 121 {154
25 12.00| 27 4 3 22,00 2,395 22.53 | 30.00 1 28 10 130 | 177
26 64.50| 46 3 4 27.78 { 132.490 34.11 |215.00 1 71 28 W1 | 486
27 14.80 32 5 2 23.21 4.722 36.01 | 29,60 2 33 16 1832 {231
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Power Average -

Inst'diAge of . No. of|No. of{Ne. of
gzger Cap. [Plant NE;HOf Type of|Thermal f;ngzzted Utili- gzlt Region| Tech, |Admin. |Indust gztii
X * MW Y U ' |Firing | Effy. IT+ tsation P No. [Staff |Staff |Staff 2

0. ear |{Units 6
10 -1926 10_ KWhr
100 % M

V1 Ve V3 V4 V3 V6 i V8 VO V10 V1l 2 V13
28 28.40 37 4 1 27.70 9.846 39.13 | 71.00 2 40 14 187 252
29 {s51.00] 23 8 1 26.70 | 12.871 28.04 | 63.75 2 72 40 776 | 883
30 47.30 27 11 2 23.50 12, 340 292.45 43,00 2 70 29 5770 |1 697
31 46.00 35 6 1 31.00 31.556 T7.43 | 76.67 2 44 27 245 317
32 9.50 26 3 3 24.36 2.428 28.85 31.67 2 27 14 111 153
33 25.00 36 9 4 24.64 18.086 81.65 27.78 2 76 31 305 413
34 39.00 32 8 3 25.23 15.638 45.26 | 48.75 2 Tl 23 414 | 509
35 9.60 29 2 2 25.40 2.645 31.10 | 48.00 2 42 15 253 311
36 | 33.00f 30 6 1 26.91 | 17.886 61.17 | 55.00 2 45 16 325 | 387
37 25.80 26 6 3 25.82 ] 1l.230 49.13 | 43.00 2 49 22 327 399
38 22.70 25 5 2 22.50 5.624 27.96 45.40 2 49 20 216 286
39 27.20 3 6 2 24.75 5.029 20,87 | 45.33 2 45 24 241 311
40 41.00 39 4 4 28.87 | 34.487 24.94 1102.50 2 144 45 346 536
41 33.60 25 6 1 24.29 t 11.875 39.89 | 56.00 2 52 27 379 | 459
42 16480 32 6 3 24.58 6.015 40.41 | 28.00 2 42 16 193 | 252
43 9,20 31 3 3 23.64 1.932 23,70 | 30.67 2 25 14 106 146
44 198,00 46 4 1 34.76 | 39.078 22,28 1495.00 2 83 27 275 | 386
a5 11.70 24 4 2 16.33 1.587 15.31 | 29.25 2 3¢ 17 163 | 220
46 23.80 33 6 3 24.59 T.023 33.31 | 39.67 2 43 18 192 | 254
A7 44,00 24 9 2 27.00 § 20.076 51.55 | 48.89 2 &7 26 333 | 440
48 | 68.40| 36 6 1 30.59 | 15.049 24,83 |114.00 2 58 27 251 | 337
49 3.00 11 1 2 20.55 0.424 15.95 | 30.00 2 17 3 60 80
50 3.80 25 2 3 22,27 1.456 43,25 | 19.00 2 20 8 T1 106
51 34.20 37 3 1 32.31 | 13.869 45.77 1114.00 2 42 15 151 § 208
52 12.00 27 4 3 22.89 3,286 30,91 30.00 2 37 15 146 199
53 42,00 AQ 2 4 25.88 39.731 100,00 [210.00 2 9% 30 319 | 446
54 | 24.80)] 34 4 1 22,07 | 13.840 62.99 | 62,00 2 n 15 166 | 223
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Power Average
Inst'd[Age of . No. of|No. of|No. of
g:wer Cap. |Plant Ng' of Type of |Thermal Generated Ut1li- Unit Region| Tech, |Admin. |Indust Total
1 O |gining | Brey. |M2.00° I [sation | 2P No. |Staff |Staff |Starr {otif
No. M Year |Units 6 *
EE 1926 10° KWhr
100 % MW
V1 v | V3 VA V5 V6 V7 V3 Vo _[vio | vi1 1viz } Vi3
55 {133.80] 46 10 2 31.67 | 40.545 34.20 $133.80| 2 117 34 337 1689
56 [118.00| 40 5 3 33.30 | 33.656 32,19 | 236.0 2 76 29 336|492
57 16.80f 29 6 2 17.70 | 1.562 10.49 | 28.00f 2 26 9 167 {203
58 60.00| 37 6 3 31.60 | 24.064 45.27 ]100.00 3 123 40 635 1799
59 | 62.10] 40 7 3 23.13 | 28.414 55.17 {184.00] 3 72 25 263 361
60 | 34.20] 30 6 3 21.68 | 6.520 21.52 | 57.00] 3 50 { 25 351 426
61 3.50] 29 6 2 18.74 | 0.382 12.32 5.831 3 11 5 53 | 70
62 | 19.40] 31 6 2 23.85 | 5.429 31.59 | 32.33} 3 30 | 12 169 |212
63 1198.30f 45 4 1 34.38 | 74.037 42,14 1495.75 3 119 29 337|486
64 8.50 39 1 4 22.20 { 7.709 h00.00 | 85.00] 3 193 | 42 531|767
65 | 46.60] 33 8 1 29.33 { 25.911 62.76: | 58.25 3 62 17 260 |340
66 5.70f 22 2 2 14.24 | 0.316 6.26 28.50| 3 11 3 22 | 36
67 3.50] 22 4 2 18.56 0.306 9.87 8.75 3 13 3 60 | 76
68 | 40.00] 42 2 4 28.30 | 31.858 83.89 |200.00f 3 83 | 27 272|389
69 193.30f 46 24 1 34.35 | 18.498 10.53 | 4595.75 3 110 | 23 22 1432
70 | 24.80 34 8 1 27.40 | 0.69% 3.18 31.00| 3 45 22 182 {250
71 ] 52.70] 28 9 1 24.71 | 22.815 40.91 |113.50{ 3 66 27 461 1555
72 32.50] 32 6 1 27.95 | 17.847 61.98 | 54.17 3 41 | 16 172|250
73 | 11.20] 26 6 1 22.40 | 2.104 21.20 | 18.67 3 27 13 154 j196
74 | 12.00] 31 2 3 27.55 5.348 50.30 | 60.00} 3 21 10 1c4 136
75 3.00] 17 6 1 14.44 | 0.231 8.69 5.00| 3 11 4 12 27
76 6.40| 18 2 1 19.43 | 2.247 39.63 | 32.00] 3 23 7 83 |114
11 67.80] 31 9 3 27.46 | 28.282 47.21 {169.00] 3 i 3 522 1631
78 11.40] 20 3 3 23.82 | 3.077 30.46 38.00] 3 33113 14) 156
79 | 15.10} 15 5 2 19.97 2,013 15.05 30.20f 4 43 | 16 214 {2713
80 [149.30] 40 8 3 32.75 | 74.912 56,63 |[186.63 4 123 47 637 {814
81 7.00] 23 3 2 17.30 | 0.901 14.53 | 23.33| 4 24 9 118 |1;1
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Power Average
Inst'd|Age of . No. of |No. of|No. of
gbwer Cap. |Plant No. of Type of [Thermal generated Utili- Unit Region| Tech, [Admin. |Indust Total
tn. Gen. F B in one yr.[ il Cap. No. |Staff |Staff |Stare Staff
No. MW Year |Units | *T'78 ¥ 6 K : a
10 |-1926 10_Rihr
100 % MW
Vi ve | V3 V4 V5 V6 V7 V8 Vo ViQ0 V1l V1o Vi3i
82 5. 701 17 3 2 18.4> 1.409 27.90 1 19,00 4 23 8 112 | 143
83 12,20} 42 4 2 22.59 5.152 47 .66 30.50 4 30 11 150 191
84 24.44 | 18 6 2 22.63 5.593 28.93 | 85.60 4 64 23 316 | 403
85 {198.30[ 43 4 3 33.64 80.940 46.07 [495.75 4 111 41 533 | 107
86 16.80}| 34 3 3 27.11 7.842 52.68 | 56.00 4 28 10 138 | 176
87 40.70 33 6 2 25.80 21.701 60.18 67.83 4 80 29 398 | 508
88 [198.30] 42 4 3 33.94 77-319 44.01 1495.75 4 111 41 553 | 705
89 9.40 29 4 2 21,19 2.701 32.43 23.50 4 P 11 144 | 184
90 33.604 29 6 3 23,92 12.893 43,31 | 56.00 4 55 20 272 | 347
91 18.%6 22 T 1 135.40 3.664 21.81 27.09 4 37 14 185 236
Q2 11,28 31 4 2 21.02 3.404 34.06 28.20 4 28 10 141 | 179
93 15,14 24 ¥ 2 18.99 5.199 38.76 37.85 4 32 12 160 { 204
94 23.60| 27 4 3 26,24 11.687 55.89 | 59.00 4 35 13 177 1225
55 | 15.04| 24 5 2 19,37 4.167 31.27 | 20,08 | 4 36 13 179 | 228
9% 8.08] 20 3 3 20,59 1.969 27.50 | 26,93 |1 4 19 7 7 {123
o7 78.401 36 10 3 27.60 33.819 48.69 § 78.40 4 123 46 61 784
98 1 23.60| 30 4 3 27.38 | 10.568 50.54 | 59.00 | 4 35 13 175 | 223
99 | 30.00| 30 5 3 28,20 | 14.526 54.65 { 60.00 | 4 39 14 195 | 248
100 3.40| 16 2 2 20.23 0.757 25.13 | 17.00 | 4 10 4 51 | 65
101 | 15.76| 28 4 2 19.56 4.593 32.89 { 39,40 | 4 37 14 185 | 236
102 ]105.709{ 239 2 3 32.30 39,367 42.04 {528.50 4 82 30 409 | 521
103 23.40 1l 4 3 27.49 12,619 60.87 .58.50 4 34 13 173 | 220
104 5%.10F 33 6 3 29.59 20.697 39.53 | 98.50 ) 63 22 352 | 438
105 {198.30f 44 4 3 31.61 53.674 30.55 1495.75 5 1 31 406 | 609
106 8.40} 15 3 2 16.33 0.913 12,27 { 28,00 [ 5 24 8 119 152
107 1183.10] 32 12 3 29,69 66.750 A2.69 1457.75 5 147 48 733 11129
108 82.301 22 15 2 20.82 36.845 40,54 §162.33 5 99 36 687 {823
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Average

Inst'd|Age of . 1No. of|No. of|{No. of
Power Cap. |Plant No. of Type of |Thermal generated Utili-~ Unit Region| Tech. |Admin. jIndust Total
Stn. Cen. Fipi Ef in one yr.| i Cap. N Staff |Starf |Starf Staff
Yo. Vi Year |Units [X T'P8 £y. 6 sation 0. a a a

100 % MW

Vi V2 | V3 V4 V5 V6 V7 V8 vg Jvie | w1 [ viz | Vi3

109 93.00] 36 5 3 30.51 | 46.091 55.94 | 186.000 5 69 27 332 | 489
110 | 98.40] 28 6 2 25.39 32,347 30.03 | 442.00f 5 9% 31 266 | 593
111 9.00f 2/ 3 2 23.11 2,003 25.18 30,000 5 29 12 119 | 161
112 7.60{ 31 A 2 19.42 | "1.601 23,78 | 1%.00, 5 25 11 32 1119
113 33.60f 31 8 3 27.17 13.371 44.92 42.000 5 73 21 352 | 454
114 | 11.00f 26 5 1 19.72 1.902 19.52 | 22.00{ 5 33 12 139 | 185
115 28.80] 31 10 3 25.74 6.906 27.06 | 28.80| 5 51 21 310 | 383
116 12.00] 30 4 2 22.59 4.334 40.76 1 30.00| 5 28 14 170 | 213
117 [198.30} 43 4 3 33.27 | 101.874 57.98 [ 495.751 5 87 3 522 | 647
118 |[105.00] 39 6 3 28.87 32.125 33.05 | 385,00 5 123 42 605 | 771
119 | 17.00f 34 9 2 17.70 4.0% 27.19| 18.83| 5 49 20 272 | 362
120 | 67.20] 35 9 2 32.85 32,563 54,69 | T4.67 5 71 28 456 { 556
121 23.10] 28 5 2 27.03 6.017 29,40 | 46.20 5 48 14 255 | 318
122 19.10] 28 6 2 22.94 5.827 34.43 | 31.83 5 35 16 234 | 286
123 [198.30| 42 4 3 32.93 | 67.187 38.24 1 495.75| 5 81 35 497 | 614
124 | 76.80} 37 6 3 30.98 32,041 47.091128.00| 5 83 23 420 t 553
b 125 3.50] 18 3 2 20.22 1.121 36.15 ] 11.67 5 4 52 67
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APPENDIX 2

In January 1971 R. Pryke published a paper entitled
"Productivity, Performance and Public Owmership (1).

As part of this paper Pryke quoted sales per man-hour as a
measure of productivity for the U.K. electricity supply industry,
compared with those for six other western industrialised nations.

He showed that the British electricity industry's sales per
man-hour have risen as fast or faster than all but one of the six
major foreign suppliers. During the decade up to 1971, only
Belgium, with a productivity growth of 10.4% per annum, advanced
more rapidly than the British industry whose rate was 7.7%.

The German indugtry was just lower at 7.6%, Electricite de
Prance showed 7.3% and the American investor owned ntilities
returned 7.1%.

The annual percentage increase in sales of electricity per

man hour 1958-1968 were as follows:~

Belgium 10.4
Great Bratain 7.7
Germany 7.6
France T.3
United States 7.1
Norway 5.4
Italy 5.1
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ORGANISATION OF THE EL
= ==

ECTRICITY SUPPLY INDUSTRY IN ENCLAND AND WALES

Responsible for Generation and Main Transmission

CENTRAL ELECTRICITY GENERATING BOARD

MEMBERS OF THE BOARD
CHAIRMAN - = o= — — -
DEPUTY CHAIRMAN
FULL-TIME MEMBERS(2)
PART-TIME MEMBERS(4)

- - ]

(Chairman, Deputy Chairman

THE EXECUTIVE

and Full-time Members)

H.Q. DEPARTMENTS
CHIEF OFFICERS(10)

R B e

REGIONS ,
DIRECTORS~CENERAL GENERATION
DEVELQ EMENT
& CONSTRUCTION
[SOUTH EASTERN |— DIVISION
DIRECTOR-CENERA
(SO0 TH_WESTERT J— ¢ L
[ MIDLANDS |
| NORTH EASTERN | S —
) DEVELO BMENT
{NORTH WESTERN | & CONSTRUCTION

DIVISION

DIRECTOR—GENERAL

— o wm . P MR e e e e me e b

I

THE ELECTRICITY COUNCIL

Central council of the
supply industry, with
responsibility for general
policy and programnes,
and advising the Secretary
of State for Energy

CHAIRMAN
DEFUTY CHAIRMAN(2)
(One Part-time)

FULL-TIME MEMBERS

(2)

_EC.E.G-.B. CHAIRMAN

(C.E.G.B. MEMBERS
(2)

THE AREA BOARD
CHATRMAN (12) ~ 7

ADVISERS(7)

B
]——o——-...u.—————————_m—-———-——————-—i

T ——
——r——

ARFA BOARDS
Responsible for Distraibution and
Sales to Consumers
-=- - AREAS  DISTRICTS
! 1. LONDON 0|
| 2., BSOUTH EASTERN 14 |
[ 3. SOUTHERN 4 19 ]
[ 4. SOUTH WESTERN 13|
[ 5. EBASTERN ¥ 19 |
[ 6. EAST MIDLANDS ELa 19 |
[ 7. MIDLANDS 4 22 1§
| 8. SOUTH WALES 9 |
| 9. MERSEYSIDE & N.WALES 10 i
[10. YORKSHIRE 1 7 )
| 11. NORTH EASTERN 7 |
12, NORTH WESTERN 6 18 |
Most Area Boards have four or five Chief Officers
*Designated "Groups"
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